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RESUM 

L’objectiu de la tesi és explorar la cooperació de les indústries 

manufactureres i les empreses de serveis amb universitats i instituts 

de recerca. En concret, la seva propensió a cooperar en activitats 

d’innovació i l’impacte d’aquesta cooperació en els resultats de la 

pròpia innovació.  

Per assolir aquest objectiu s’han realitzat dos estudis empírics 

i un cas d’estudi. Un dels estudis empírics i el cas ja han estat 

publicats en revistes internacionals de recerca. Els estudis empírics 

es basen en dades de l’enquesta Community Innovation Survey 

(edicions 2012 i 2014) per el cas de les empreses d’Espanya que van 

llançar al mercat innovacions de producte i de procés en cooperació 

amb diferents socis durant el període d’estudi. Respecte el cas 

d’estudi, aquest es va realitzar mitjançant entrevistes als socis de 

l’empresa que varen desenvolupar la innovació i enquestes als 

membres de la comunitat d’innovació de 32 països que van participar 

en la co-creació del producte. 

Els resultats obtinguts en el primer estudi mostren diferències 

significatives en els resultats de la innovació de les empreses que han 

cooperat amb universitats i instituts d’investigació quan es tracta 

d’innovacions de productes nous per al mercat. L'anàlisi contextual 

realitzat per mida de la firma i sector confirmen aquests resultats. 

En el segon estudi, mitjançant un model de regressió 

logística, es demostra que la probabilitat que una indústria 

manufacturera cooperi amb universitats i centres de recerca esta més 
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relacionada amb la mida de l’empresa que amb la seva intensitat 

tecnològica. En canvi, en el cas de les empreses de serveis la 

probabilitat de cooperació augmenta com major intensitat de 

coneixement tingui, independentment de la seva mida.  

Finalment, com a resultat de l’anàlisi del cas d’estudi 

s’identifiquen les pràctiques organitzatives i estratègiques que 

faciliten els processos d’innovació d’entrada (inbound) i de sortida 

(outbound), així com la co-creació amb la comunitat d’innovació. 

Fruit dels resultats obtinguts en els tres estudis, la tesi fa 

contribucions per acadèmics, directius d’empresa i policy-makers 

amb l’objectiu de promoure i enfortir la cooperació amb universitats 

i instituts de recerca. 

 

Paraules clau: Cooperació industria – universitat – institut de 

recerca; relacions interorganitzacionals; innovació oberta; innovació 

de producte; innovació de serveis; intensitat tecnològica; intensitat de 

coneixement; mida de l’empresa; cas d’estudi; Covid-19. 
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RESUMEN 

El objetivo de la tesis es explorar la cooperación de las industrias 

manufactureras y las empresas de servicios, en particular con 

universidades e institutos de investigación, su propensión a cooperar 

en actividades de innovación y su impacto en el desempeño de 

innovación. Además, analizar un caso de éxito de cooperación para 

la innovación en un contexto de crisis.  

Para alcanzar este objetivo se llevaron a cabo dos estudios 

empíricos y un caso de estudio; dos de ellos se encuentran publicados 

y han sido compilados para su presentación en la tesis. Los estudios 

empíricos utilizaron datos de la Encuesta de Innovación de la 

Comunidad CIS 2012 y CIS 2014, aplicada a empresas en España 

que realizaron innovaciones de producto y proceso en cooperación 

con diferentes socios durante el período de estudio. Por otra parte, en 

el caso de estudio se realizaron entrevistas a los socios de la empresa 

española que desarrolló la innovación y se aplicaron encuestas a los 

miembros de la comunidad de innovación que participó en la co-

creación e impulsó la innovación en 32 países. 

Los resultados obtenidos en el primer estudio mostraron 

diferencias significativas en el desempeño de innovación de las 

firmas que cooperaron con universidades e institutos de investigación 

cuando se trata de innovaciones de producto nuevas para el mercado. 

El análisis realizado por tamaño de la firma y sector confirmó estos 

resultados. 
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El modelo de regresión logística realizado en el segundo 

estudio reveló que la probabilidad que una industria manufacturera 

coopere con universidades y centros de investigación está más 

relacionada con el tamaño de la firma que con su intensidad de 

tecnología. En cambio, una empresa de servicios de alto 

conocimiento intensivo es más probable de cooperar que una empresa 

de menor intensidad de conocimiento, independientemente de su 

tamaño. 

Por último, como resultado del análisis del caso de estudio se 

identificaron las prácticas organizacionales y estrategias que 

facilitaron los procesos de innovación de entrada (inbound) y de 

salida (outbound), así como la co-creación con la comunidad de 

innovación. 

La tesis hace algunas contribuciones para académicos, 

directivos de empresa y tomadores de decisiones para que promuevan 

y fortalezcan las relaciones de cooperación con universidades e 

institutos de investigación. 

 

Palabras clave: Cooperación industria-universidad-institutos de 

investigación; relaciones inter-organizacionales; innovación abierta; 

innovación de producto; innovación de servicios; intensidad 

tecnológica; intensidad de conocimiento; tamaño de la firma; caso de 

estudio; Covid-19. 
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SUMMARY 

The thesis aims to explore the cooperation of manufacturing 

industries and service companies, with universities and research 

institutes, their propensity to cooperate in innovation activities and 

their impact on innovation performance. In addition, analyse a 

successful case of cooperation for innovation in a context of crisis. 

Two empirical studies and a case study were carried out to 

achieve the objective; two of them are published, and they have been 

compiled for presentation in the thesis. The empirical studies used 

data from the Community Innovation Survey CIS 2012 and CIS 

2014, applied to companies in Spain that carried out product and 

process innovations in cooperation with different partners during the 

study period. On the other hand, in the case study, we conducted 

interviews to the partners of the Spanish company that developed the 

innovation and surveys were applied to the members of the 

innovation community that participated in the co-creation and 

promoted the innovation in 32 countries. 

The results obtained in the first study showed significant 

differences in the firms' innovation performance that cooperated with 

universities and research institutes when it comes to product 

innovations new to the market. The analysis carried out by firm size 

and sector confirmed these results. 

The logistic regression model carried out in the second study 

revealed that the probability that a manufacturing industry cooperates 

with universities and research institutes is more related to its size than 
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to its technology intensity. In contrast, a knowledge-intensive service 

company is more likely to cooperate than a less knowledge-intensive 

company, regardless of size. 

Finally, as a result of the case study analysis, the 

organisational practices and strategies that facilitated the inbound and 

outbound innovation processes and co-creation with the innovation 

community were identified. 

The thesis makes some contributions for academics, 

practitioners, and decision-makers to promote and strengthen 

cooperative relationships with universities and research institutes. 

 

Keywords: Industry-university-research institutes cooperation; 

inter-organizational relationships; open innovation; product 

innovation; service innovation; technological intensity; knowledge 

intensity; firm size; case study; Covid-19. 
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C h a p t e r  I  

“There is nothing in the research process more important 
 than a good question”.  

J. R. Latham 

INTRODUCTION 

1. Research justification 

In the collaborative framework of open innovation (hereafter OI), 

some studies have shown that engaging in inter-organisational 

collaboration with various partners is beneficial for firms' innovation 

(Ahuja, 2000; Faems et al., 2005), and so they have emphasized the 

importance of a portfolio approach to collaboration. However, other 

studies have shown that a broad and thorough search for innovation 

sources (Laursen and Salter, 2006) and complexity of alliances 

(Duysters and Lokshin, 2011) is curvilinearly related to innovative 

performance. Furthermore, de Leeuw et al. (2014) showed that a 

lower level of partner diversity is needed to achieve optimal 

productivity and radical innovative performance. 

Other studies have shown that the innovation results differ 

according to the collaborating partner. For instance, Kang K. and 

Kang J. (2010) found that R&D collaborations with customers and 

universities positively affected product innovation; the opposite is 

true with suppliers and competitors. On the other hand, Un and 

Asakawa  (2015) pointed out that findings from product innovation 

studies do not necessarily apply to process innovation. They found 
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that R&D collaborations with suppliers and universities positively 

impact process innovation, customer collaborations had no impact, 

and competitors' collaborations negatively. So, the first research 

question arises: Who is it better to cooperate with?. 

The firms see the cooperation with universities as a vehicle 

for innovation through knowledge transfer; consequently, they are 

willing and motivated to engage in cooperation agreements with 

them, however, some barriers will have to be overcome (Figueiredo 

and Ferreira, 2022). 

Some studies have found that specific characteristics (e.g., 

firm size, firm age, R&D intensity) are determinants in industries-

universities cooperation (Laursen and Salter, 2004; Segarra-Ciprés et 

al., 2012; Mohnen, et al., 2018) and that absorptive capacity 

moderates this relationship with innovation performance. Beyond the 

determinants, Fernández-López et al. (2019) argued that many firms 

showed interest in cooperating with universities, only small 

percentage ended up cooperating. Thus, cooperation should be 

analised in two processes, firs the interest in cooperating and the final 

decision to cooperate.  

We observed that some studies, particularly those using CIS 

database (e.g., Belderbos et al., 2006; Duysters and Lokshin, 2011; 

Guzzini and Iacobucci, 2017) have considered research institutes in 

the same category of universities to analyse the cooperation 

relationships with firms, despite the fact they have different 

characteristics (e.g., infrastructure, budgets, functions). In this sense, 
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Arnold et al. (2010) pointed out that research institutes and 

universities increasingly overlap and cooperate to produce 

knowledge; they are "complements, not substitutes", who have 

different fundamental skills and abilities. Nevertheless, few studies 

have explored them separately (Chen et al., 2020; Giannopoulou et 

al., 2019), recognising and exploring their differences.  

Several studies have focused on the cooperation only with 

universities (e.g., Baba et al., 2009; Wang and Shapira, 2012; Janeiro 

et al., 2013), but research institutes are also important scientific 

partners for firms in national innovation systems. As a result, other 

research questions emerge: could we consider universities and 

research institutes in the same category?, and there are possible 

differences on the firm's innovation performance in cooperation with 

research institutes when compared to universities? Thus, to overcome 

this research gap, the first article of the thesis analyses these 

cooperation partners separately. 

Another critical issue in OI is context-dependency, the 

internal and external characteristics that affect the adoption of the OI 

approach. Chesbrough and Crowther (2006) noted that the early 

adopters of OI concepts were high-tech industries, although many 

industries and services use them nowadays. Arbussà and Llach  

(2018) found that the degree of openness and the innovation strategy 

in manufacturing companies are context-dependent on the 

environment's level of technological development in which the firm 

operates. 
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Besides technological intensity, firm size is the most studied 

characteristic in the literature (Huizingh, 2011). Early empirical 

studies have suggested that most OI adopters are large companies 

(e.g., Bianchi, et al., 2011; Keupp and Gassmann, 2009; 

Lichtenthaler and Ernst, 2009). However, other studies have shown 

that SMEs also adopt many OI practices (e.g., Spithoven et al., 2013; 

van de Vrande et al., 2009) while organising and managing OI in an 

entirely different way from large companies (Usman et al., 2018). 

Spithoven et al. (2013) found that SMEs are more effective in using 

different OI practices simultaneously when introducing new products 

on the market, whereas this is minor the case for large firms. 

Contextual characteristics affect the propensity of firms to 

cooperate in the first place and seem to affect the choice of partner 

and the intensity of their cooperation. So then, we raise another 

research question: is cooperation with universities and research 

institutes equally interesting for all types of firms? 

Mainly, when it comes to cooperation with universities, some 

studies show intra-sectoral and inter-sectoral differences. For 

instance, Tether and Hipp (2002) pointed out that the intensity of 

enterprises' cooperation relations in the high-tech sector with external 

partners (e.g., suppliers, customers and particularly scientific 

institutions, consultants and other specialised organisations) is more 

pronounced than in the low-tech sector. Hirsch-Kreising (2008) 

remarked that while firms' size explains these differences, other key 

factors are the high risk and uncertainty of far-reaching or even 
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radical innovations and the absorptive capacity. On the other hand, 

Johnston (2021) pointed out that organisational, spatial, and 

technological proximities between actors positively influence 

university-low-tech industry links formation. 

Few empirical studies have focused on the relationship 

between service companies and universities (e.g., Bekkers and Bodas 

Freitas, 2008; Freel, 2006; Janeiro et al., 2013; Lee and Miozzo, 

2019), and they have shown different results. Bekkers and Bodas 

(2008) found that the sector did not influence the preference given by 

firms to a wide range of channels used by universities and research 

institutes to transfer knowledge. However, Janeiro et al. (2013) 

showed that a high-intensity level is critical to developing links 

between service firms and universities. More recently, Lee and 

Miozzo (2019) findings suggested that KIBS firms co-created 

knowledge with universities differently than manufacturing firms. 

Mascarenhas et al. (2018) suggested that one area of interest 

in strategic alliances for innovation would be to analyse more closely 

how collaborative links develop initially so that future research could 

focus on the process of partner selection. To fill this research gap and 

complement the first article's findings, we look again into Spanish 

firms' this time to closely analyse their contextual characteristics 

(sector and size) in relation to their propensity to cooperate with 

academia. Consequently, the propensity to collaborate with 

universities and research institutes for innovation is the focus of the 

second article. 
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The health crisis caused by the Covid-19 pandemic prompted 

numerous developments due to the climate of openness. A large 

amount of information (e.g., MIT, Humanitarian Data Exchange, EU 

open data portal) was released and shared between scientists, 

researchers, companies, and government officials worldwide to 

launch a variety of scientific initiatives to find an effective response 

to the disease (Chesbrough, 2020). 

Brem et al. (2021) have noted that our ability to cope with the 

Covid-19 pandemic improves through technological (e.g., 3D 

printing, flexible manufacturing systems, big data analytics) and 

social developments (e.g., e-learning, videoconference, webcast). In 

addition, the time-to-market was significantly shortened in response 

to the crisis, as in the case of medical ventilators. 

They also have pointed out that cross-sector innovation has 

seen a significant increase as companies in a wide variety of 

industries find themselves with excess capacity due to reduced 

economic activity and decide to use this resource to help overcome 

the crisis (e.g., Dyson, Ford, GM, Tesla, NASA). 

However, Elsahn and Siedlok (2021) explain that the success 

of firms' resourcing depends on the interrelations among three 

dimensions: a) Objects which refer to the tangible and intangible 

assets that a company owns or can access; b) Interpretative frames 

used to deploy those objects in a different context; and c)   Product 

architecture and regulatory characteristics of the product resourced. 



 

7 
 

 
 

In this sense, the most challenging context for resource 

redeployment involves highly complex products with integral 

architecture such as medical ventilators. They also have argued that 

when resource redeployment is too difficult for one firm because of 

a product's architecture, coordination among firms is necessary. In 

turn, it might require coordination or prior experience of working 

with partners across knowledge domains (Siedlok et al., 2015). 

We decided to investigate the characteristics above with a 

case study about the collaboration between a knowledge-intensive 

service firm that developed medical emergency ventilators (product 

innovation) in the context of the Covid-19 pandemic. The firm 

searched for cooperation with different partners (a university, a 

research institute, suppliers) and led an innovation community to co-

create and boost this innovation in 32 countries. This case study 

allows us to analyse characteristics and organisational practices that 

drive collaborative innovation and illustrate the cooperation 

relationship we are studying. 

2. Objectives and research questions 

2.1. General objective 

The main objective of the thesis is to explore the cooperation between 

manufacturing industries and service firms with universities and 

research institutes, their propensity to cooperate for innovation 

activities, and its impact on innovation performance. In addition, 

analyse a successful case of cooperation for innovation in a context 

of crisis. 
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With this in mind, we carry out two empirical studies and one 

case study, their specific objectives and research questions are 

mentioned below. 

2.2. Specific objectives and research questions 

The first empirical study aims to compare companies' innovation 

performance that succeeded in developing product innovations in 

cooperation with universities with those companies that cooperated 

with research institutes. The analysis also compares these two groups' 

performance with the companies that cooperated with other types of 

partners.  

Specifically, the research questions of this study are:  

(1.1) Is there a difference in the innovation performance of firms 

with product innovations that have cooperated with 

universities and higher education institutions and the 

performance of firms with product innovations that have 

cooperated with public and private research institutions? 

(1.2) Is there a difference between the innovation performance of the 

firms with product innovations that have cooperated with both 

universities and/or public and private research institutes and 

that of firms with product innovations that have cooperated 

with other partners? 

Additionally, differences within pairs of cooperation groups 

owing to the size of the firms are considered in the analysis and the 

sector is used as a control variable. 
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The second study aims to explain the probability of a 

company (manufacturing or services company) cooperating, 

according to its technological intensity, knowledge intensity or size. 

In particular, we are interested in explaining whether the 

manufacturing industries' or service companies' propensity to 

cooperate with universities and research institutes or other partners is 

related to these categories of contextual characteristics.   

The study addresses the following research questions:  

(2.1) Which contextual characteristics (technological / knowledge 

intensity, size) are statistically significant in the cooperation 

propensity of manufacturing and service companies?  

(2.2) Which contextual characteristics (technological / knowledge 

intensity, size) are statistically significant in the cooperation 

propensity with universities and research institutes or other 

partners? 

Finally, the case study aims to analyze the project OxyGEN 

from the perspective of open innovation. The research questions 

address in this case study are: 

(3.1) Which characteristics, organizational practices and strategies 

applied by Protofy were remarkable in carrying out the 

product innovation (low-cost emergency ventilator) during 

the Covid-19 pandemic and interacting with the innovation 

community built around this project? 
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(3.2) Which characteristics and practices used by the members of 

the OxyGEN project community facilitated the co-creation 

and promotion of this innovation?  

Figure 1 shows the relationship between objectives and 

research questions and each study in the thesis. 
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3. Thesis structure 

The thesis comprises the following chapters. Second chapter 

addresses the conceptual and theoretical framework; the 

methodology used in the three studies is briefly described in the third 

chapter; preprint versions of each empirical studies are included in 

the fourth and five chapters, the case study is in the sixth chapter, and 

finally the seventh and eighth chapters present the discussion and 

conclusions drawn of the thesis. 

Figure 2 represents the thesis structure. 
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Figure 2. Thesis structure  
Own elaboration 
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C h a p t e r  I I  

“There is nothing more practical than a good theory.” 
Kurt Lewin 

CONCEPTUAL AND THEORETICAL FRAMEWORK 

1. What is innovation? 

Innovation is a powerful explanatory factor behind differences in 

performance between firms, regions, and countries (Fagerberg, 

2003). 

Numerous studies have been carried out from different fields 

of knowledge (for example, economics, sociology, engineering, 

psychology) to understand the phenomenon of innovation, and each 

discipline has defined innovation from a different perspective 

(Adams et al., 2006; Damanpour and Schneider, 2006). 

For instance, Gopalakrishnan and Damanpour (1997) 

described the different perspectives of economy, technology 

management and organizational sociology. Economists view 

innovation at a high level of aggregation or abstraction, viewing it as 

one factor causing increased productivity and economic growth at the 

industrial level, and they generally focus on product and process 

innovations. Technologists focus on the processes of generation or 

improvement of new technologies and, like economists, study 

technological innovations. In this group, they distinguished between 

contextual technologists and organizational technologists. The 
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former try to understand the relationship between technological 

change at the industry level and adaptations at the company level to 

these changes, while organizational technologists are interested in the 

factors that influence the generation of technological innovations at 

the level of organizational subunits such as the R&D department. 

Finally, sociologists are primarily concerned with organizational 

characteristics that are compatible with the adoption of innovation 

within organisations. These authors added that each group addresses 

a limited aspect of innovation, but remarked that both focus and 

broad definitions, and the outcome and process views, provide useful 

insights. 

As a result of this conceptual review, Gopalakrishnan and 

Damanpour (1997) defined innovation as a response mechanism to 

environmental events to ensure organisational survival and an 

organisational resource that can inspire managerial choice and 

selection between two critical aspects of innovation, timing and 

magnitude. 

More recently, Baregheh et al. (2009) carried out a content 

analysis of 60 definitions of "innovation" from seven different 

disciplines and identified as key attributes: nature of innovation, type 

of innovation, stages of innovation, social context; means of 

innovation; and objective of innovation. Building on these attributes, 

they proposed the following integrative definition: "Innovation is the 

multi-stage process whereby organizations transform ideas into 

new/improved products, services or processes, in order to advance, 
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compete and differentiate themselves successfully in their 

marketplace". 

In addition to the perspective of academic disciplines, the 

member countries of the Organization for Economic Cooperation and 

Development (OECD) have adopted the definition of the Oslo 

Manual for carrying out statistical studies on innovation at the 

national and regional levels, such as the Community Innovation 

Survey (CIS) in the European Union. This manual defines innovation 

as "...the implementation of a new or significantly improved product 

(good or service), or process, a new marketing method, or a new 

organizational method in business practices, workplace organization 

or external relations'' (OECD and Eurostat, 2005). 

The empirical studies of the thesis used the CIS database; 

therefore, they adopted this definition of innovation from the Oslo 

Manual and the different types of innovation, which are described 

below. 

1.1. Types of innovations 

The Oslo Manual (2005) distinguishes four types of innovations: 

product innovation, process innovation, marketing innovation and 

organizational innovation. They are defined as follows: 

Product innovation is the introduction of a good or service 

that is new or significantly improved with respect to its 

characteristics or intended uses. This includes significant 

improvements in technical specifications, components and materials 

or other functional characteristics. 
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Process innovation is the implementation of a new or 

significantly improved production or delivery method. This includes 

significant changes in techniques, equipment and/or software. 

Both product and process innovations are closely related to 

technological innovations. 

Marketing innovation is the implementation of a new 

marketing method involving significant changes in product design or 

packaging, product placement, product promotion or pricing. 

Organisational innovation is the implementation of a new 

organisational method in the firm’s business practices, workplace 

organisation or external relations. 

Table 1 shows type of innovations, definitions, and 

subcomponents. 

According to these definitions, the first study of the thesis 

focused on companies that introduced product innovations (new or 

significantly improved goods and services) on the market. On the 

other hand, the second study also included companies that 

implemented process innovations (new or significantly improved 

production or delivery methods) in the firm’s operation. Both are 

regarded as technological innovations since firms implemented new 

technology into their business. 

The case study analysed a product innovation and the 

organisational innovations implemented in the firm to co-create that 

product with an innovation community.
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Table 1. Types of innovations, definitions, and subcomponents 

Type of innovation Subcomponents Definition Includes 

Product innovation -Goods 
-Services 

New or significantly improved goods and 
services with respect their characteristics 
or intended uses. 

-Technical specifications 
-Changes in materials, components, incorporated 
software, and other functional characteristics that 
enhance performance. 

Process innovation -Production 
-Delivery and Logistics 
-Ancillary services, 
including purchasing, 
accounting, and ICT 
services 
 

New or significantly improved production 
or delivery methods. 

-Production methods involve the techniques, 
equipment and/or software used to produce goods or 
services. 
-Delivery methods concern the logistics of the firm 
and encompass equipment, software, and techniques to 
source inputs, allocate supplies within the firm, or 
deliver final products 

Marketing 
innovation 

-Design of products 
-Product placement and 
packaging 
-Product promotion 
-Pricing 
 

Implementation of a new marketing 
methods. 

-The new marketing method can either be developed 
by the innovating firm or adopted from other firms or 
organisations.  
-New marketing methods can be implemented for both 
new and existing products. 
-Product design changes here refer to changes in 
product form and appearance that do not alter the 
product’s functional or user characteristics. 

Organisational 
innovation 

-Business practices 
-Workplace organization 
-External relations 

Implementation of a new organisational 
method in the firm’s business practices, 
workplace organisation or external 
relations 

-New methods for organising routines and procedures 
for the conduct of work. 
-New methods for distributing responsibilities and 
decision making among employees for the division of 
work. 
-New concepts for the structuring of activities, such as 
the integration of different business activities. 

Source: Oslo Manual, 2005.  
Own elaboration
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1.2. Novelty of innovations 

All types of innovations involve a grade of novelty. The Oslo Manual 

(2005) distinguish three relevant concepts related to the novelty of 

the innovations: new to the firm, new to the market and new to the 

world. The innovation developer (firm or other firms) and the 

diffusion of innovation are related to these novelty concepts. 

The minimum grade of an innovation is “new to the firm”. 

Other firms may have already implemented a product, process, 

marketing or organisational innovation. However, if it is new to the 

firm (or, in the case of product and process: significantly improved), 

it is an innovation for that firm. 

An innovation is “new to the market or new to the world”, 

whether other firms have already implemented it, or whether the firm 

is the first to introduce innovation on its market or industry or 

worldwide to have implemented it. Firms that first develop an 

innovation (new to the market or new to the world) are drivers of 

innovation in the economy. Even though, it depends on the adoption 

of innovations by other firms. 

Following these definitions, the first study of the thesis 

analyses the product innovations introduced by firms and developed 

in cooperation with other partners. These innovations were new to 

the firm or new to the market. Both categories were used to measure 

innovation performance of firms, as explained in section 4.
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2. The innovation system: How does innovation occur?  

Beyond the concept of innovation, Fagerberg (2003) argued that a 

central finding in the innovation literature is that a firm does not 

innovate in isolation but depends on extensive interaction with its 

environment.  

The introduction of concepts like "system" and "networks" 

reflect the systemic nature of innovation. There is not a consensus on 

the definition of the innovation system, however, Granstrand and 

Holgersson (2020) carried out an extensive literature review and 

stated, "Innovation system is the evolving set of actors, activities, and 

artifacts, and the institutions and relations, including complementary 

and substitute relations, that are important for the innovative 

performance of an actor or a population of actors". 

In this definition, the authors explained that "artifacts" 

include products and services, tangible and intangible resources, 

technological and non-technological resources, and other types of 

system inputs and outputs, including innovations. The 

"complementary and substitute relations" refers to collaborative and 

competitive relations. Finally, "innovative performance" is used 

rather than innovations or innovativeness to facilitate the 

operationalization of the concept in economic terms. 

The Oslo Manual (2005) has remarked that the innovation 

system changes the focus of policy towards the interplay of 

institutions and the interactive processes at work in the creation of 
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knowledge and its diffusion and application. Furthermore, it states 

that the innovative activities of a company depend in part on the 

variety and structure of its links with sources of knowledge, 

technologies, practices and resources. Connecting the company with 

other actors in the innovation system such as government 

laboratories, universities, policy departments, regulators, 

competitors, suppliers and customers. 

3. Innovation performance: How is innovation measured? 

Measuring innovation is related to the performance of enterprises, 

industries, and the economy. At the level of firms, the impact of 

innovations on enterprise performance ranges from effects on 

turnover and market share to changes in productivity and efficiency. 

And, at the industry and national levels, some effects are changes in 

competitiveness and total factor productivity, knowledge spillovers 

of firm-level innovations, and an increase in the amount of 

knowledge flowing through networks (OECD and Eurostat, 2005). 

Dewangan and Godse (2014) conducted an extensive 

literature review about innovation performance measurement (IPM) 

schemes and observed a consensus on adopting a multi-dimensional 

approach. However, they also found a significant divergence of 

opinions on the dimensions and methods used. For instance, Adams 

et al. (2006) proposed categories, such as inputs, knowledge 

management, innovation strategy, organization and culture, portfolio 

management, project management, and commercialization. At the 

same time, Ojanen and Voula (2006) listed several methods of 
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categorization: based on measurement, perspective, the purpose of 

measurement, measurement level, R&D type, and process phase. 

Derived from their research, the authors suggested a set of guiding 

principles for developing a robust IPM scheme that distinguishes 

between the measurement of invention (including innovation) and 

exploitation. 

On the other hand, the four types of innovations defined in 

the latest (3rd ed.) Oslo Manual, the degrees of novelty and diffusion 

constitute the basis of the indicators used by the OECD to measure 

the performance of innovation at the level of the firms. There are five 

indicators categories: technological innovation, non-technological 

innovation, the measure of innovation inputs, innovation outcomes, 

and relevant aspects of innovation policies (OECD, 2009).  

The first category concerns product and process innovations, 

degree of novelty and whether the firms developed innovations 

partially or fully in-house. The second measures the implementation 

of marketing and organizational innovations. The measure of 

innovation inputs includes the total R&D expenditures and the 

distribution of innovation expenditures. 

The quantitative innovation output indicators measure the 

impact and scope of innovation activity. The two indicators measure 

the output of product innovations in terms of share turnover: the first 

measures the share of turnover due to product innovations new to the 

firm, and the second measures the percentage of turnover due to 

product innovations new to the market. 
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The last group is composed of indicators that focus on aspects 

relevant for developing of policies such as: internationalization, 

cooperation, and intellectual property rights. These indicators 

measure the active firms in foreign markets, firms that have 

collaborated with foreign partners on innovation; share of firms that 

have collaborated with public research institutions and other types of 

partners. 

Based on these categories of indicators, the first empirical 

study of the thesis focuses on the innovation output indicators to 

measure the impact on the firms' innovation performance. Mainly this 

study compares both sub-categories (share of turnover due to product 

innovations new to the firm or new to the market) between firms that 

cooperated with universities and research institutions to find possible 

differences.  

4. Inter-organisational relations and innovation 

Inter-organisational relations (IORs), by definition, is concerned with 

relationships between and among organizations. They can be public, 

business, or non-profit, and the relationships can range from dyadic, 

involving just two organisations, to multiple, involving huge 

networks of many organisations (Cropper et al., 2008). 

The most common form of IORs are interactive relations 

which involve the flow of knowledge (e.g., tacit and explicit) and 

resources (e.g., tangibles and intangibles) between organizations, the 

actors who manage these flows and coordinate the relationship and 
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the structure which facilitate or limit their capacity for joint action 

(Cropper et al., 2008). 

The analysis of IORs is performed at the micro and macro 

levels. The micro-level includes the analysis of groups and 

individuals and the impact on the processes, performance, dynamic 

development, effectiveness, or type of results of the IORs. On the 

other hand, the macro-level comprises the IORs institutional 

environment (the legal, political, economic, national, cultural, 

spatial, and historical contexts). The micro and macro contexts in 

which IORs operate may or not change over time and may be related 

to the particular historical context in which they occur (Cropper et 

al., 2008). 

Within the context of innovation, Powell et al. (1996) argued 

that when an industry's knowledge base is complex and expanding 

and sources of expertise are widely dispersed, the place of innovation 

will be found in learning networks rather than individual companies. 

Moreover, Faems et al. (2005) supported there is a positive 

relationship between inter-organizational collaboration and 

innovative performance. At the same time, the impact on innovation 

performance differs depending on the nature of the partner(s) 

involved and strongly suggests the adoption of a portfolio approach. 

Since the previous definition of an innovation system (e.g., 

Granstrand and Holgersson, 2020) and the positive relationship 

between inter-organizational relationships and innovation 

performance (e.g., Faems et al., 2005). The first study also compares 
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the innovation performance of companies that have cooperated with 

universities and research institutes with the innovation performance 

companies that cooperated with other types of partners to find 

possible differences between those cooperation groups. 

5. Theoretical approaches for firms’ cooperation 

About inter-organizational relationships in the context of innovation, 

a question naturally arises: What are the motivations of companies to 

initiate such relationships? To answer this question, we reviewed the 

most widely used theoretical approaches in the organizational 

management literature and propose how they contribute to the issue 

of firms´ cooperation. These approaches are the institutional theory, 

the resource-based theory, the transaction cost theory, and the 

knowledge-based theory. 

5.1. Institutional Theory 

The institutional theory asserts that normative pressures from 

external sources (e.g., the state, other collective institutions) and 

internal pressures influence organizations. These pressures lead them 

to adopt certain legitimate elements (e.g., standard operating 

procedures, professional certifications) and state requirements that 

increase their probability of survival (Zucker, 1987). 

In this sense, Furusten (2013) argued that managers make the 

possible decisions within the institutional framework of their 

organizations, regardless of whether they agree or are aware of them. 

Thus, knowledge of the institutional environment will increase the 

probability of making more appropriate decisions. 
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Suddaby (2010) argued that institutionalism is the dominant 

theory for studying macro-organizational phenomena and cautions 

that it may have extended far beyond its core purpose: understanding 

how organizational structures and processes acquire meaning and 

continuity beyond their technical goals. 

From institutional theory, the companies search to engage in 

collaborative relationships because they allow them to acquire 

legitimacy and achieve institutional insertion. For instance, some 

benefits to a business from collaboration with an university in R&D 

activities are the increase of the R&D business productivity; the 

increase of the probability of an R&D project commercialization, and 

a business’s economies of technological scope (Cunningham and 

Link, 2015). 

On the other hand, several initiatives have been implemented 

by OECD member countries and public research organizations 

(PROs) to foster the transfer and strengthen the commercialisation of 

public research results. For example: legislative initiatives related to 

commercialisation and patenting, encouraging industry engagement 

by granting licenses on IP rights free of charge, legislative and 

administrative procedures targeting research personnel and faculty, 

and formation of bridging and intermediaries organisations in the 

form of technology transfer offices (TTOs) (OECD, 2013). 

5.2. Resource-based Theory 

In 1991, Barney stated, "sustained competitive advantage derives 

from the resources and capabilities that firm controls which are 
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valuable, rare, imperfectly, and not substitutable. These resources 

and capabilities can be viewed as bundles of tangible and intangible 

assets, including a firm's management skills, its organizational 

processes and routines, and the information and knowledge it 

controls". Ten years later, Barney (2001) stated that the resource-

based view of the firm was the most influential framework for 

understanding strategic management.  

Some authors have revisited the starting premise of RBT to 

extend it and find new opportunities for future research. For instance, 

Fiol (2001) questioned if it is possible to achieve a sustainable 

competitive advantage based on any particular core competency, no 

matter how inimitable. The author argued ‘the skills/resources of 

organizations and the way organizations use them must constantly 

change to produce continuously changing temporary advantages’. 

Furthermore, Harrison et al (2001) pointed out that the integration of 

complementary resources provides opportunities for a company to 

create permanent competitive advantages over time, improve 

learning and develop new capacities. However, to achieve unique 

synergy, resources must be integrated and managed effectively. 

Firms can access, exchange, or internalize supplementary or 

complementary resources through alliances. Thus, investigation the 

role of alliance partners from a resource and capabilities perspectives 

can reveal insights on how different partners affects the benefits 

obtained from alliance portfolios (Wassmer, 2010). 
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5.3. Transaction Cost Theory 

Transaction cost theory (Williamson 1979, 1986) posited that the 

optimum organizational structure is one that achieves economic 

efficiency by minimizing the costs of exchange. The theory suggests 

that each type of transaction produces coordination costs of 

monitoring, controlling, and managing transactions. Changes in these 

variables should shift the weighting in decision-making between in-

house production and use of the market. 

The variables used as cost evaluation mechanisms are the 

frequency of exchange, the specificity of the assets, the uncertainty 

and the threat of opportunism. The first variable refers to the 

frequency in which the transactions between the parties occur; the 

specificity variable refers to the site, physical asset or human asset; 

the uncertainty refers to factors in the environment that could 

increase time or changes in processes. Finally, the threat of 

opportunism is attributed to human nature (Williamson, 1979). 

Cooperation may reduce transaction costs through better 

control and monitoring of technology transfer than on arm’s length 

markets, while the inherent reciprocal relationship and between 

partners with complementary capabilities can minimize opportunism 

(e.g., Pisano, 1990).  

In this sense, the transaction-cost theory contributes to 

explain how firms govern the collaborative innovation relationship. 

However, Yasuda (2005) compared the resource-based theory and 

the transaction-cost theory in their suitability to explain four types of 
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strategic alliances in high-technology industries and concluded that 

the former theory prevails over the transaction-cost theory. 

5.4. Knowledge-based Theory 

According to Grant (1996), the firm is an institution for integrating 

knowledge. This approach is distinguished from other theories by 

two assumptions: first, knowledge creation is an individual activity 

and second, the primary role of firms is in the application of existing 

knowledge to the production of goods and services. 

The foundations this theory builds upon are the characteristics 

of knowledge and two fundamental assumptions about the role of 

knowledge within a firm. Grant (1996) argued that pertinent 

characteristics for the generation of value are transferability, 

aggregation capacity and appropriability. On the other hand, the 

assumptions to take into account are specialization in knowledge 

acquisition and knowledge requirements for production. The first, 

given that the human brain has a limited capacity to create new 

knowledge, store it and process it, therefore knowledge acquisition 

requires greater specialization; and the second, recognizing that 

production implies the transformation of inputs into outputs (goods 

and services), from this theory, the knowledge is both the critical 

input and the main source of value. 

The knowledge-based theory has implications for the analysis 

of organisational capability and the principles of organisational 

design, particularly for hierarchical structures and the distribution of 
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decision-making throughout the company, as well as enables a 

discussion on the boundaries of the firms.  

The organisational capability level is dependent on the 

integration of specialized knowledge, thus, Grant (1996) suggested 

that the managerial task will be to maximize the use of norms, 

directives and other coordination mechanisms to optimize the 

knowledge transfer and individual or team problem-solving 

according to the complexity of the task. 

The boundaries of the firms are analyzed in terms of the 

relative efficiency of the use of knowledge. For example, production 

stages can be vertically integrated when one of them requires access 

to the knowledge used in the other stage. Conversely, if they are 

independent stages in the use of knowledge, they can be efficiently 

conducted by separate companies linked by a market interface. 

Furthermore, efficient knowledge utilization requires 

multiproduct firms, Grant and Baden-Fuller (1995) explained that 

companies can be characterized as both product domain and 

knowledge domain. Efficient knowledge utilization requires 

congruence between the knowledge domain of the firms and its 

product domain. As there is no perfect congruence, it creates 

opportunities for knowledge acquisition through strategic alliances. 

Apart from lack of congruence, there are two other aspects of 

knowledge-product linkages conducive to inter-firm collaboration: 

uncertainty and the dynamics of early-mover advantage. Grant and 

Baden-Fuller (1995) explained that both occur when technological 
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changes are rapid, the firms have greater uncertainty about the 

knowledge that they need to integrate into products and the processes 

of knowledge acquisition and integration must be fast to obtain an 

advantage, so in these circumstances, cooperation with other 

companies is more beneficial. 

Consequently, the knowledge-based theory explains how 

specialized knowledge is distributed into the organization and how it 

is applied in production. In addition, it contributes to understanding 

how knowledge acquisition and integration drives inter-firm 

cooperation. 

Table 2 presents a summary of the theoretical approaches and 

their contribution for firms’ cooperation. 
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Table 2. Summary of theoretical approaches for firms’ cooperation 

Theories Focus Contribution for 
firms’ cooperation 

Main 
Authors 

Institutional 
Theory 

Normative pressures 
from external sources 
(e.g., the state, other 
collective institutions) 
and internal pressures 
influence organizations 
to adopt certain 
legitimate elements and 
state requirements. 
 

How do firm 
acquire 
legitimization and 
institutional 
insertion? 

Zucker, 
1987; 
Suddaby, 
2010 

Resource-
Based 
Theory 

Sustained competitive 
advantage derives from 
the resources and 
capabilities that a firm 
control which are 
valuable, rare, 
imperfectly imitable, 
and not substitutable. 
 

How do firm access 
to supplementary 
or complementary 
resources through 
alliances? 

Barney, 
1991; 
Penrose 
1995; 
Wernerfelt, 
1994. 

Transactional 
Cost Theory 

The optimum 
organizational structure 
is one that achieves 
economic efficiency by 
minimizing the costs of 
exchange. 

How do firms 
govern the 
collaborative 
innovation 
relationship? 

Williamson 
1979, 1986 
Pisano, 1990 
 

Knowledge-
Based 
Theory 

Knowledge creation is 
an individual activity, 
and the primary role of 
firms is in the 
application of existing 
knowledge to the 
production of goods and 
services. 

How specialized 
knowledge is 
distributed into the 
organization and 
how does it apply 
in production?  
How does 
knowledge 
acquisition and 
integration drive 
inter-firm 
cooperation? 

Grant, 1996; 
Grant and 
Baden-Fuller 
(1995) 

Own elaboration. 
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Obradović et al. (2021) conducted a systematic review of 

open innovation literature and confirmed the diversity of theoretical 

approaches used within the manufacturing industry context. The 

most frequently approaches were the knowledge-based view, supply 

chain management, and the resource- based view, while transaction 

cost economics theory and the institutional theory were the least 

studied theories. The results also showed that resource-based and 

knowledge-based views have been often studied together, along with 

topics such as open strategy, innovation, and collaboration. 

Considering above explanations, the theoretical approaches 

that framework the thesis’s studies are the institutional theory and 

knowledge-based theory. First, because the cooperation relationship 

between firms (manufacturing industries and services companies) 

with universities and research institutes (PROs) has been influenced 

by the policies and incentives at the institutional level.  

On the other hand, firms have a set of tangible and intangible 

resources, the most important are people, who have the knowledge 

and skills to manage these resources and therefore are essential in 

generating a competitive advantage. The knowledge-based theory 

helps us to understand the cooperation relationship between firms, 

universities, and research institutes because from this perspective, 

firms acquire and integrate knowledge in their production to generate 

product or process innovations. During this process, knowledge is not 

only transfer but created.  
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6. Open Innovation: A new approach of innovation 

Since Chesbrough's (2003) seminal work, the concept of open 

innovation (hereafter OI) has evolved. He stated, “… valuable ideas 

can come from inside or outside the company and can also go to 

market from inside or outside the company”, to explain the change 

in companies' practices that move from the earlier "closed innovation 

model" towards a logic of an open innovation model. 

Later, Chesbrough (2006) expanded the concept and adds that 

“Open innovation is the use of purposive inflows and outflows of 

knowledge to accelerate internal innovation, and expand the markets 

for external use of innovation, respectively". This critical conceptual 

distinction proposes that spillovers are transformed into inflows and 

outflows of knowledge which can purposively manage. For that, 

firms can develop processes to move external knowledge into their 

own innovation activities and create mechanisms for transferring 

knowledge to other organizations. 

Building on these previous concepts, extensive research has 

been conducted in the past decade to understand this paradigm better. 

For instance, Lichtenthaler (2011) explained: “Open innovation is 

defined as systematically performing knowledge exploration, 

retention, and exploitation inside and outside an organization's 

boundaries throughout the innovation process”. 

Once again, Chesbrough and Bogers (2014) provided an 

updated definition: "we define open innovation as a distributed 

innovation process based on knowledge flows intentionally managed 
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across organisational boundaries, using pecuniary and non-

pecuniary mechanisms in line with the organization's business 

model". Following this definition, the authors remark that innovation 

refers to developing and commercialising new or improved products, 

processes, or services. Simultaneously, the knowledge flows across 

the permeable organisational boundary representing openness.  

Finally, Chesbrough (2017) explained that the organization's 

business model helps to determine what knowledge to bring from 

outside and what internal knowledge could find a route outside the 

organization in the future. That is the operative concept of open 

innovation. 

6.1. Types and mechanisms of open innovation 

Chesbrough and Bogers (2014) explained that knowledge spillovers 

generally follow two directions across the boundaries of the 

organization "the purposive inflow and outflow of knowledge". The 

outside-in or the inbound OI allows firms to acquire new 

knowledge, new ideas, and new technologies from outside of the 

firm. The mechanisms used to manage inbound innovation are 

scouting, licensing IP, university research programs, funding 

startups, collaborating with suppliers and customers, utilizing 

nondisclosure agreements, crowdsourcing, competitions and 

tournaments, and communities.  

On the other hand, the inside-out or the outbound OI implies 

moving knowledge from inside the firm out to other organizations in 

the surrounding environment. The mechanisms for managing 
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outbound innovation include out-licensing IP and technology, 

donating IP and technology, spin-outs, corporate venture capital, 

corporate incubators, joint ventures and alliances.  

Gassmann and Enkel (2007) identified a third type of open 

innovation. It is a couple of outside-in and inside-out flows of 

knowledge. The mechanisms for managing the linking inbound and 

outbound innovation are strategic alliances, joint ventures, consortia, 

networks, ecosystems, and platforms, all involving complementary 

partners. 

Later, Dahlander and Gann (2010) defined two inbound 

processes, sourcing and acquisition, two outbound processes, 

disclosure and sale processes. They find advantages and 

disadvantages for each of them. For instance, there are benefits from 

buying or in-source external ideas to the organisation, but to search 

for and evaluate them expertise is required. On the other hand, one of 

the companies' concerns when disclosing information to the outside 

environment is intellectual property. For this, companies used to 

adopt both formal methods (such as protection of patents, trademarks 

or copyrights) and informal methods (deadlines of delivery, 

advantages of being the first to act, blocks) within their 

appropriability strategies. The premise is that openness does not 

always reduce the probability of success (Henkel, 2006; von Hippel, 

2005).  

Figure 3 shows the model of open innovation by Chesbrough 

and Bogers, 2014. 
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7. Cooperation and innovation performance 

After Chesbrough’s open innovation (OI) definition in 2003, many 

researchers performed empirical studies to link this new paradigm 

and innovation performance (Greco et al., 2015). 

A fundamental contribution to the OI literature is the study 

carried out by Laursen and Salter (2006). They examined the relation 

of "openness" in determining the company's innovation performance. 

To do this, they operationalized the openness with two variables: 

breadth and depth. The first refers to the number of external sources 

that the company searches to carry out the innovation and the second 

Figure 3. Open Innovation model by Chesbrough and Boger (2014) 
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variable is the extensive use of those external sources. These authors 

found that both indicators (breadth and depth) have a curvilinear 

relationship with companies' innovation performance. 

Greco et al. (2015) systematically reviewed literature in 

European countries for a decade (2003 to 2013), creating a new 

taxonomy to analyse these pieces of evidence. They classified 

external and internal OI actions according to the concepts of search 

breadth and search depth introduced by Laursen and Salter (2006) as 

components of the openness of an individual firms’ strategies.   

The Greco’s model measured the impact of OI actions on the 

following types of innovation performance: Increase on radical or 

incremental product innovation, increase on new to the firm product 

innovation, and increase on product or process innovations in general 

terms. These types of innovation performance were related with 

external sources of innovation: customers, suppliers, research 

institutions (universities and research institutions) and competitors. 

The authors found that process innovation is more likely to 

benefit from coupled OI activities than inbound activities. Moreover, 

the effect of coupled actions (collaboration) on product and process 

innovations performance was always positive. On the other hand, the 

effect of the outbound OI activities was infrequent.The actions 

analysis by sources showed that actions with suppliers were likely 

more practical and efficiency-driven than customers. Moreover, 

interactions with research institutions were always positive, not so 
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with competitors, because they share knowledge and establish 

relations win to win but maintain their competitive advantages. 

Other studies have explained how the different types of 

cooperation (networks, alliance portfolios) influence the innovation 

performance based on the OI approach. For example, Duysters and 

Lokshin (2011) explored the decision of companies to form alliance 

portfolios with different types of partners: competitors, clients, 

suppliers and university and research centres, which can be foreign 

or national alliances. The results show that the complexity of the 

alliance has an inverse U-shaped relationship with innovative 

performance. Although complexity facilitates learning and 

innovation, each organization has a certain management capacity to 

deal with complexity, implying a limit in the portfolio of alliances 

that firms could deal with properly to obtain benefits. Moreover, de 

Leeuw et al. (2014) found that a lower level of partner diversity in a 

firm's alliance portfolio is needed to achieve optimal productivity and 

radical innovative performance. However, the opposite is true for 

incremental innovative performance; a higher level of portfolio 

diversity appears to give the best performance. Figure 4 shows the 
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relationship between alliance portfolio diversity and innovation 

performance by de Leeuw et al., 2014. 

 

8. Cooperation with different types of partners 

The cooperation studies have showed that the impact of cooperation 

on firm performance differs according to the types of partners. For 

instance, Belderbos et al. (2004) argued that the cooperation between 

competitors and suppliers focuses on incremental innovations, 

improving the productivity performance of companies, while 

cooperation with universities and research institutions are 

fundamental to create innovative products that are novel in the 

market, improving the growth of companies. Moreover, Kang K. and 

Kang J. (2010) found that R&D collaborations with customers and 

Figure 4. Relationship between alliance portfolio and innovation 
performance (de Leeuw et al., 2014) 
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universities positively affect product innovation, whereas R&D 

collaborations with suppliers and competitors have an inverted-U 

shape relationship with product innovation. Un et al. (2010) also 

found that collaborating with competitors had a negative impact on 

radical innovations and innovations new to the firm, and Elche-

Hotelano (2011) showed that relations with customers and suppliers 

had a negative effect on product and process innovation.  

On the other hand, Un and Asakawa (2015) argued that prior 

insights from studies of product innovation do not necessary apply to 

process innovation. They found that R&D collaborations with 

suppliers and universities appear to have a positive impact on process 

innovation, R&D collaborations with customers appear to have no 

impact, and R&D collaborations with competitors appear to have a 

negative impact. 

9. Cooperation with universities and research institutes  

Cooperation between companies and universities is perceived as a 

vehicle to improve innovation through knowledge exchange, 

consequently, a significant number of studies analyze this 

relationship from different perspectives (Ankrah and AL-Tabbaa, 

2015). In the thesis we focus on studying the effects of cooperation 

with universities and research institutes in the firms’ performance 

and determinants that could affect this relationship. 
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9.1. Manufacturing industries in cooperation with universities 

and research institutes 

As Cohen et al. (2002) stated, the influence of public research 

(universities and government R&D labs) is critical to industrial R&D 

in a small number of industries; it significantly affects industrial 

R&D across the manufacturing sector.  

Previous studies have highlighted the mutual benefits of 

cooperation between industries and universities (Cunningham and 

Link, 2015) but also warn that there are inter-sectoral differences in 

the association and investigate its determinants and drivers. For 

instance, Arranz and Fernández  (2008) found that R&D cooperation 

is more significant in companies belonging to high-tech sectors. They 

also pointed out that firm size and permanent R&D capacity are 

essential factors in the propensity to sign R&D agreements. The 

existence of public funds represents the promotion of innovation, has 

a positive influence and is significant in the probability of 

cooperating in Spanish companies, the impact of each variable being 

very similar. 

On the other hand, Maietta (2015) analyzed the effect of 

collaboration in a low-tech industry (food and drink (F&D) firms). 

The author found that this type of firm collaborates with universities 

and public research labs to access new ideas and government funding, 

develop internal expertise and reduce time to market with new 

technologies, particularly for process innovation and new market 

penetration. 
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Hirsch‐Kreinsen (2008) explained that low-medium-tech 

(LMT) and high-medium-tech (HMT) industries have 'modes of 

innovation' that clearly differ in terms of important causes and 

determinants, such as key factors, their specific knowledge base, 

company capabilities and competencies, or network relationships. 

However, these factors are interdependent and mutually supportive. 

9.2. Services companies in cooperation with universities and 

research institutes 

Few empirical studies have focused on the relationship between 

service companies and universities. Among them, there is an 

important discussion about service companies' interest in this type of 

cooperation. For example, Tether and Tajar (2008) found significant 

differences in the types of providers of specialized knowledge used 

by manufacturing and service companies as sources of information 

in innovation activities. Furthermore, they noted that although 

service companies are more likely than manufacturers to use 

expertise providers, they are more likely to hire consultants. At the 

same time, their links with research organizations (universities and 

government research labs) are weaker.  

On the other hand, Janeiro et al. (2013) explored innovative 

service firms that adopted universities as innovation sources. As a 

result, they found that the services firms with a high level of 

'innovation success', those considered 'innovation leaders' (radical 

innovations), and firms belonging to the KIBS sector (innovation 

intensity) are more likely to develop links with universities. In this 
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model, the innovation success represents a firm's success in obtaining 

positive outcomes from its innovation activities such as entry into 

new markets, an increasing market share, and reduced unit labour 

costs. The innovation intensity considers the investment in activities, 

equipment, and staff in R&D. 

9.3. Cooperation with universities or research institutes  

Different names are used in the literature to refer to research and 

technology organizations (RTO) such as public institutes, research 

institutes, technological institutes (Gulbrandsen, 2011).  

Several studies categorized RTOs alongside universities (e.g., 

Belderbos et al., 2006; Duysters and Lokshin, 2011; Guzzini and 

Iacobucci, 2017), but they have different concepts and accomplish 

different roles in National Innovation Systems. The European 

Association of Research and Technology Organizations (EARTO) 

defines RTOs as organizations with the “central mission of 

harnessing science and technology at the service of innovation, 

improving quality of life and generating economic competitiveness”. 

Its main activity is “to provide research and development, 

technology and innovation services to companies, governments and 

other clients…” (EURAB, 2005). 

Research institutes and universities increasingly overlap and 

cooperate to produce knowledge; they are "complements, not 

substitutes", who have different fundamental skills and abilities 

(Arnold et al., 2010).  
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In this line, Giannopoulou et al. (2019) analyzed the distinct 

role of RTOs versus universities regarding firms’ innovation 

performance. They found that firms that see RTOs as a more 

important source of knowledge than universities are more likely to 

develop service innovation, invest less in internal R&D but are less 

likely to introduce world-first innovations. On the other hand, firms 

that consider RTOs and universities important external knowledge 

sources are less likely to report introducing process and 

organizational innovations.  

Chen et al. (2020) supported that the scientific performance 

of research institutes is significantly affected by their network 

positions in the research collaboration networks with industries 

or/and universities. Specifically, in the "University-Research 

Institute" collaboration network, the research institutes' degree 

centrality has an inverted U-shaped effect on their scientific 

performance. The authors have explained that this effect occurs in the 

UR collaboration network, where both research institutes and 

universities operate in similar institutional systems that generate 

more homogeneous resources. Conversely, in both "Industry-

Research Institute" and "Industry-University-Research Institute'' 

collaboration networks, the research institutes' degree centrality 

positively affects their scientific performance. 
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9.4. Determinants in the cooperation between industries, 

universities, and research institutes 

The main internal and external characteristics, mentioned in the 

literature, as determinants in the industry-universities cooperation, 

are size, age, R&D intensity (Laursen and Salter, 2004; Segarra-

Ciprés et al., 2012), openness strategies (Fontana et al., 2006), 

geographic proximity (Laursen et al., 2011), territorial 

characteristics, location in industrial clusters (D’Este et al., 2013; 

Mohnen et al., 2018). Finally, some studies have investigated 

absorptive capacity as a moderator in the relationship between 

industries-universities (Kobarg et al., 2018; Tsai, 2009). 

9.4.1. R&D characteristics and openness strategies 

Laursen and Salter (2004) examined the factors influencing 

manufacturing industries to draw from university in their innovation 

activities and found that companies that adopt 'open' search 

strategies and invest in R&D are more likely than other firms to 

cooperate with universities and achieve satisfactory results.  

Further, Fontana et al. (2006) explained two determinants of 

cooperation between manufacturing and service companies and 

public research organisations (PRO). First, the cooperation 

agreements firm/PRO depend on the industrial partner's 'absolute 

size'. Second, companies' openness to the external environment, 

measured by their willingness to 'search, filter and signaling' those 

agreements affect the establishment of R&D projects. 
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On the other hand, Segarra-Ciprés et al. (2012) found that the 

most R&D intensive firms and sectors explore external sources of 

knowledge to a greater extent than those which are less R&D 

intensive. Conversely, no substantial differences emerge concerning 

the exploitation of these sources. 

9.4.2. Firm size 

Studies about the innovation behaviour of companies use the firm's 

size as an explanatory variable (Becheikh et al., 2006). The 

differences between large and small companies could explain the 

positive effect of size; the former have more resources to innovate 

and support risky activities than SMEs (W. Tsai, 2001). They can 

also benefit from economies of scale in R&D, production and 

marketing (Stock et al., 2002).  

According to these differences, the first adopters of OI 

practices were large high-tech companies (Chesbrough, 2003). 

However, van de Vrande et al. (2008) found that SMEs are also 

engaged in many OI practices, although SMEs pursue open 

innovation primarily for market-related motives such as meeting 

customer demands or keeping up with competitors. Moreover, 

Spithoven et al. (2013) argued that SMEs are more effective in using 

different OI practices simultaneously when introducing new products 

on the market, whereas this is less the case for large firms. 

Notably, in cooperation with universities, Santoro and 

Chackrabarti (2002) found that large firms have higher intensity 

knowledge transfer and research support relationships for 
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strengthening skills, knowledge, and access to university facilities for 

ancillary, non-core technologies. However, the opposite is true for 

small firms that engage in relationships to strengthen skills, 

knowledge, and access to university facilities for essential, core 

technologies. 

9.4.3. Location, territorial characteristics, and clusters 

Some studies have examined firm’s location, territorial 

characteristics, and clusters as determinants of cooperation with 

universities. For instance, Laursen et al. (2011) argued that firms' 

decision to collaborate with universities is dependable on the 

geographic proximity and quality of the university. The proximity of 

top research universities promotes firms' collaboration. Still, they 

observed that it does not work in general, and high-tech intensity 

firms prefer the university partner's research quality over 

geographical closeness. 

Mohnen et al. (2018) found that the degree of 

internationalization of the firm is the primary determinant of 

cooperation with foreign universities. Differences in cooperation 

determinants appear between countries by cluster analysis on 

variables describing their institutional settings and national 

innovation systems. 

9.4.4. The absorptive capacity 

Absorptive capacity is the firm's ability to use its prior related 

knowledge to recognize, assimilate, and use external knowledge for 

its commercial ends (Cohen and Levinthal, 1990).  
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Based on this concept, some researchers have explored the 

effect of absorptive capacity on the relation between different types 

of partners, particularly universities-industries and innovation 

performance. For instance, (K.-H. H. Tsai, 2009) supported that 

absorptive capacity negatively affects the relationship between 

customer collaboration and the performance of marginally changed 

products. Conversely, it positively affects the relationships between 

competitor collaboration and the performance of new products with 

marginal changes. Tsai maintains that absorptive capacity negatively 

affects the relationship between collaboration with research 

organizations (universities and research institutes) and the 

performance of technologically new or improved products. While the 

opposite is true between research organizations collaboration and the 

performance of marginally changed products. 

Kobarg et al. (2018) searched for the potential influence of 

the absorptive capacity on the relationship between universities-

industries cooperation (UIC) and product innovation performance. 

They obtained the following results: (1) absorptive capacity in terms 

of internal R&D negatively moderates the relationship between UIC 

and incremental innovation performance; (2) absorptive capacity 

related to employee know-how positively moderates the relationship 

between UIC and radical innovation performance. 
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C h a p t e r  I I I  

"The methods section provides the essential information that allows  
the reader to judge the validity of the results and conclusions.” 

Azevedo et al., 2011 

METHODOLOGY 

We chose the quantitative and qualitative research methods in the 

thesis to achieve the research objectives and obtain valid and reliable 

results. This chapter describes the database used, the samples 

selected, and the data analysis techniques carried out in the two 

empirical studies. And also, explain the case study design: the unit of 

analysis, the rationale for a single case study, data collection, and 

their analysis. 

1. Empirical studies’ methodology 

1.1. Database description 

The empirical studies of the thesis used data from the Community 

Innovation Survey (CIS) for Spain. The first article used CIS 2012 

and the second CIS 2014. The CIS survey-based innovation statistics 

are part of the EU science and technology statistics. Surveys are 

carried out on a two-year basis throughout the European Union and 

many SSE countries (Eurostat, 2020). The CIS data is normally 

released two and a half years after the survey is carried out.  

The Commission Implementing Regulation (EU) No. 

995/2012 on innovation statistics defines the variables to be 
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collected, the target population, the sectors to be covered and the 

breakdowns by size classes of the results for CIS. 

1.1.1. Target population 

According to the above regulation, the target population for the CIS 

survey are all enterprises with at least ten employees. They are 

organized into three size classes: a) Firms with 10-49 employees, b) 

Firms with 50-249 employees and c) Firms with 250 and more 

employees. 

The enterprises have market activities included in Core 

NACE Rev. 2 sections B, C, D, E, H, J, K and divisions 46, 71, 72 

and 73.  

Table 3 describes this classification according to Eurostat. 

Table 3. Firm’s market activities according to NACE Rev.2 

Sections Title Divisions 

B Mining and quarrying 05-09 
C Manufacturing 10-33 
D Electricity, gas steam and air conditioning supply 35 
E Water supply; sewerage, waste management and 

remediation activities 
36-39 

 Wholesale trade, except of motor vehicles and 
motorcycles 

46 

H Transportation and storage 49-53 
J Information and communication 58-63 
K Financial and insurance activities 64-66 
 Architectural and engineering activities; technical 

testing and analysis 
71 

 Scientific research and development 72 
 Advertising and market research 73 

Source: Eurostat-Detailed Structure of NACE Rev. 2.  
Own elaboration 
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1.1.2.  Data collection 

The CIS survey (2012 and 2014 versions) apply the concepts and 

methodological guidelines for collecting and using data on 

innovation recommended in the Oslo Manual (3rd ed 2005) and 

Eurostat, the statistical office of the EU, develops harmonised 

definitions, classifications and methodologies for the production of 

European official statistics, in cooperation with national statistical 

authorities. 

The survey in Spain is mandatory and data is collected using 

two methods: sample and census. This last method is carried out for 

larger enterprises (200+ employees) and R&D performers, while the 

sample method was used for smaller enterprises.  

The overall sample for CIS 2012 was 32,120 Spanish 

enterprises representing 42% of the target population. On the other 

hand, for CIS 2014 the overall sample accounted for 27,092, it 

corresponds to 39.4%.  

Table 4 summarizes characteristics of Spanish CIS 2012 and 

CIS 2014 data collection and target population. 
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Table 4. Characteristics of the CIS 2012 and CIS 2014 for Spain 

  CIS 2012 CIS 2014 

Type of data collection Mandatory Mandatory 
Data collection methods Combination 

sample/census 
Combination 

sample/census 
Criterion to conduct a 
census 

Size class (200+) 
and R&D performers 

Size class (200+) 
and R&D performers 

Target population  76,338 enterprises 68,683 enterprises 
Sample  32,120 enterprises 27,092 enterprises 
Overall Sample rate (%) 42.0% 39.4% 

Source: Eurostat, CIS 2012 and CIS 2014 Synthesis of the Quality 
Reports.  
Own elaboration. 

 

1.2. The studies’ population  

Following the objective of the first study, we focused on firms that 

developed product innovations (new or significantly improved goods 

and services) in cooperation with partners, specifically with 

universities and research institutes. Thus, from the total number of 

enterprises surveyed in Spain during the study period 2010-2012, the 

firms that introduced product innovations were 6,638. From those, 

45% performed innovation activities in cooperation with other 

enterprises within their enterprise group, suppliers, clients from 

private or public sectors, competitors, consultants, universities and 

public or private research institutes, representing 2,989 firms which 

were considered as the study population of the first article. 

Figure 5 shows the study population for the first article of the 
thesis. 
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In the second study, we aim to explain the cooperation 

propensity of manufacturing industries and services companies with 

universities and research institutes according to their technological or 

knowledge intensities. Therefore, from the total number of 

enterprises surveyed in Spain during the study period 2012-2014, the 

firms that introduced technological innovations (product or process) 

accounted for 9,157 (33.8%), while 2,546 firms (9.4%) abandoned 

the innovation activities for product and process innovations before 

Figure 5. Study population of the first article 
Own elaboration 
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completion, and 5,991 firms (22.1%) were involved in ongoing 

innovation activities at the end of 2014.  

Consequently, the study population of the second study 

included the firms that conducted innovation activities during the 

study period (whether they introduced product or process 

innovations, abandoned innovation activities, or were involved in 

ongoing innovation activities). They accounted for 11,262 (41.6%) 

of the total number of firms.  

Figure 6 shows the study population of the second article of the 

thesis. 
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1.3. Harmonised Survey Questionnaire 

CIS uses a harmonised questionnaire which provides information on 

different topics related to innovation in companies. It includes all 

types of innovation (product, process, organizational and marketing), 

and various aspects related to the development of an innovation, such 

as sources of information, cooperation, public funding, R&D 

expenses, among others.  

The pertinent aspects of the questionnaire CIS 2012 used in 

first thesis study were taken from section 2 concerning to product 

Figure 6. Study population for the second article 
Own elaboration 
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innovations and section 6 about the cooperation for product and 

process innovation. 

CIS questionnaires follow the concepts of the Oslo Manual 

(3rd edition, 2005), where a product innovation is defined as "the 

market introduction of a new or significantly improved good or 

service with respect to its capabilities, user-friendliness, components 

or subsystems". Moreover, product innovations (new or improved) 

must be new to the enterprise, but they do not need to be new to the 

market. These concepts guided us to operationalize innovation 

performance variable as we describe later.  

In addition, the questionnaire explains that product 

innovations could have been originally developed by one's own 

enterprise or together with other enterprises or institutions. But it is 

also clear: "Cooperation is active participation with other enterprises 

or institutions on innovation activities. Both partners do not need to 

commercially benefit. Exclude pure contracting out of work with no 

active cooperation". 

According to this, the questions from the CIS 2012 

questionnaire used for the analysis in the first study were:  

(2.1) During the three years 2010 to 2012, did your enterprise 

introduce: Goods innovations / Services innovations 

(2.2) Who developed these product innovations? 
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(2.3) Were any of your product innovations (goods or 

services) during the three years 2010 to 2012: New to your 

market / Only new to your firm? 

This question also inquiries about the percent of total turnover 

from: innovations products introduced during the three years 2012 to 

2014 that were new to the market, and innovation products that were 

only new to the enterprise. 

(6.2) During the three years 2010 to 2012, did your enterprise 

cooperate on any of your innovation activities with other 

enterprises or institutions?  

(6.3) Please indicate the type of innovation cooperation 

partner by location: a) other enterprises within your 

enterprise group, b) suppliers of equipment, materials, 

components, or software, c) clients or customers from the 

private sector, d) clients or customers from public sector, e) 

Competitors or other enterprises in the sector, f) consultants 

or commercial labs, g) universities or other higher education 

institutes, and g) government, public or private research 

institutes. 

In addition to the pertinent issues about product innovations, 

the second study used the questions concerning process innovations 

(section 3) and ongoing and abandoned innovation activities (section 

4) of the CIS 2014 questionnaire. 
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A process innovation is defined as the implementation of a 

new or significantly improved production process, distribution 

method, or supporting activity. They must be new to the firm, but 

they do not need to be new to your market and could have been 

originally developed only by the firm or in cooperation with partners.  

Therefore, the second study also analysed data of the 

following questions:  

(2.1) During the three years 2012 to 2014, did your enterprise 

introduce: New or significantly improved methods of 

manufacturing for producing goods or services; new or 

significantly improved logistics, delivery or distribution 

methods for your inputs, goods or services; new or 

significantly improved supporting activities for your 

processes, such as maintenance systems or operations for 

purchasing, accounting, or computing. 

(2.2) Who developed these process innovations? 

(2.3) Were any of your process innovations introduced during 

the three years 2012 to 2014 new to your market? 

Appendix A shows the CIS 2012 harmonised survey 

questionnaire. 

CIS 2014 questionnaire explains that innovation activities 

include "the acquisition of machinery, equipment, buildings, 

software, and licenses; engineering and development work, 

feasibility studies, design, training, R&D and marketing when they 
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are specifically undertaken to develop and/or implement a product or 

process innovation. This also includes all types of R&D consisting of 

research and development activities to create new knowledge or solve 

scientific or technical problems". 

Considering this definition, we include the question (4.1) of 

the questionnaire because these innovation activities drive the 

cooperation with partners. This question is: During the three years 

2012 to 2014, did your enterprise have any innovation activities that 

did not result in a product or process innovation because the 

activities were: Abandoned or suspended before completion, still 

ongoing at the end of the 2014. 

The questions about cooperation partners (7.1 and 7.2) were 

maintained for this study.  

Appendix B shows the CIS 2014 harmonised survey 

questionnaire. 

1.4. Research Design 

1.4.1. Cooperation groups 

The population of the first study (2,989 companies) was organized 

into eight independent cooperative groups. Then, to investigate 

possible differences in innovation performance, we chose the six 

main cooperating groups and compared them in pairs. These groups 

were: 
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a. Firms that have cooperated only with universities 

(UNI_ONLY) and firms that have cooperated only with 

research institutes (RSI_ONLY) 

b. Firms that have cooperated with universities and at least one 

other partner, which is not a research institute 

(TOTAL_UNI), and firms that have cooperated with research 

institutes and at least one other partner, which is not a 

university (TOTAL_RSI). This second comparison gives 

robustness to the analysis because it also compares 

universities with research institutes but adds other partners to 

each group. 

c. Firms that have cooperated with both universities and research 

institutes (UNI-RSI) and firms cooperated with other partners 

(OTHR_ONLY), which are neither universities nor research 

institutes. This comparison allows us to measure the effect of 

universities and research institutes together against other types 

of partners. 

Figure 7 shows graphically the cooperative groups used in the 

analysis. 

Following the guidelines of the Oslo Manual applied to the 

CIS survey, innovation performance was operationally defined as the 

total turnover from new or significantly improved products 

introduced that were new to the market or new to the firm. Both 

categories were measured for each cooperation group. 
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The differences in the innovation performance by firms' size 

were also tested within the pairs of cooperation groups. To do so, the 

firms were grouped in two categories depending on the number of 

Figure 7. Cooperation groups for the first study 
Own elaboration 
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employees: a) Firms with under 249 employees were considered as 

SMEs firms, and b) Firms with 250 and more employees were 

considered large firms. 

The results obtained were controlled using sector as a control 

variable. To do so, the firms were grouped according to the economic 

activities established in the NACE classification. The categories of 

the firms by sector are a) the agricultural sector (code 1 to 14); b) the 

manufacturing sector (codes 15 to 37); and c) the services sector 

(code 38 and upwards). A special group of companies with two 

codes, (14-15) and (37-39), were included in the manufacturing 

sector. 

1.4.2. Variables for logistic regression model 

For the second study, we carried out a logistic regression model to 

explain the cooperation propensity of firms (manufacturing 

industries and services companies). The dependent and independent 

variables used for this statistical analysis were as follows. 

a. Dependent variables: Cooperation and cooperation groups 

For the first stage of the analysis, we were interested in explaining 

which type of firms are more likely to cooperate according to their 

technological characteristics or firm size. So, the categorical variable 

cooperation was used as the dependent variable. This binary variable 

corresponds to the CIS question whether the firm cooperated 

(yes/no).  In the second stage, we took a subsample from the firms 

that cooperated to determine their likelihood to cooperate with 

universities and research institutes or with other partners according 
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to their size or technological intensity.  The analysis allows us to 

investigate possible differences among these characteristics in the 

cooperation relationship with universities and research institutes 

between manufacturing and services companies. For this stage, we 

grouped the firms in cooperation with universities and research 

institutes following the same methodology of the first article. 

b. Independent variables: Technological intensity, knowledge 

intensity, and firm size 

Following Eurostat's aggregation of the manufacturing industry, 

based on the NACE Rev. 2 classification, the firms were grouped into 

four categories according to their technological intensity: high-

technology, medium-high-technology, medium-low-technology, and 

low-technology. For the statistical analysis, these groups were further 

regrouped into two main categories: low-technology and high-

technology industries. 

For the aggregation categories of the manufacturing 

industries, see Table 5. 

In the same line of Eurostat's aggregation of firms in the 

services sector, based on the NACE Rev. 2 classification, the firms 

were grouped into less knowledge-intensive and knowledge-

intensive. 

Table 6 shows the aggregation categories of the knowledge-

based services. 
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As in the first study, the firms were grouped into two 

categories according to the number of employees: a) firms with under 

249 employees, which are small and medium-sized firms (SMEs), 

and b) firms with 250 and more employees, which are large firms. In 

this study, the variable size was also considered an independent 

variable. 

 

Table 5. Eurostat’ aggregation of the manufacturing industries based on 

NACE Rev. 2 

Manufacturing 
Industries 

NACE Rev.2 codes – 2-digit level 

High 
technology 

21 Manufacture of basic pharmaceutical products 
and pharmaceutical preparations; 

26 Manufacture of computer, electronic and optical 
products 

Medium-high-
technology 

20 Manufacture of chemicals and chemical products; 
27 to 

30 
Manufacture of electrical equipment; 
Manufacture of machinery and equipment n.e.c.; 
Manufacture of motor vehicles, trailers and semi-
trailers; Manufacture of other transport equipment 

Medium-low-
technology 

19 Manufacture of coke and refined petroleum 
products; 

22 to 
25 

Manufacture of rubber and plastic products; 
Manufacture of other non-metallic mineral 
products; Manufacture of basic metals; 
Manufacture of fabricated metals products, 
excepts machinery and equipment; 

33 Repair and installation of machinery and 
equipment 

Low 
technology 

10 to 
18 

Manufacture of food products, beverages, tobacco 
products, textile, wearing apparel, leather and 
related products, wood and of products of wood, 
paper and paper products, printing and 
reproduction of recorded media; 

31to 32 Manufacture of furniture; Other manufacturing 
Source: Eurostat (2016). Annex 3. High-tech aggregation by NACE Rev.2 in 
High-tech industry and knowledge-intensive services (htec). Own elaboration. 
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Table 6. Eurostat’ aggregation of the services companies based on NACE 

Rev. 2 

Knowledge 
based services 

NACE Rev.2 codes – 2-digit level 

Knowledge 
intensive 
services (KIS) 

50 to 51 Water transport; Air transport; 
58 to 63 Publishing activities; Motion picture, video and television 

programme production, sound recording and music 
publish activities; Programming and broadcasting 
activities; Telecommunications; computer programming, 
consultancy and related activities; Information service 
activities (section J); 

64 to 66 Financial and insurance activities (section K); 
69 to 75 Legal and accounting activities; Activities of head offices, 

management consultancy activities; Architectural and 
engineering activities, technical testing and analysis; 
Scientific research and development; Advertising and 
market research; Other professional, scientific and 
technical activities; Veterinary activities (section M); 

78 Employment activities; 
80 Security and investigation activities; 

84 to 93 Public administration and defence, compulsory social 
security (section O); Education (section P), Human health 
and social work activities (section Q); Arts, entertainment 
and recreation (section R). 

Less 
Knowledge 
intensive 
services 
(LKIS) 

45 to 47 Wholesale and retail trade; Repair of motor vehicles and 
motorcycles (section G); 

49 Land transport and transport via pipelines; 
52 to 53 Warehousing and support activities for transportation; 

Postal and courier activities; 
55 to 56 Accommodation and food service activities (section I); 

68 Real estate activities (section L); 
77 Rental and leasing activities; 
79 Travel agency, tour operator reservation service and 

related activities; 
81 Services to buildings and landscape activities; 
82 Office administrative, office support and other business 

support activities; 
94 to 96 Activities of membership organisation; Repair of 

computers and personal and household goods; Other 
personal service activities (section S); 

97 to 99 Activities of households as employers of domestic 
personnel; Undifferentiated goods- and services-
producing activities of private households for own use 
(section T); Activities of extraterritorial organisations and 
bodies (section U). 

Source: Eurostat (2016). Annex 3. High-tech aggregation by NACE Rev.2 in 
High-tech industry and knowledge-intensive services (htec).  
Own elaboration. 
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1.5. Procedures 

In the first study, we applied the Mann-Whitney U test.   It is also 

known as the Wilcoxon rank-sum test, which tests for differences 

between two groups on a single, ordinal variable with no specific 

distribution (Mann and Whitney, 1947; Wilcoxon, 1947). We used 

this statistical test for both categories of innovation performance: 

turnover from the new products introduced that were new to the 

market and new to the firm between cooperation groups. These 

categories are continuous numerical variables with no symmetric 

distributions.  

McKnight and Najab (2010) pointed out that Mann-Whitney 

U is conceptually similar to the t-test for determining whether two 

sampled groups are from a single population. When data do not meet 

the parametric assumptions of the t-test, the Mann-Whitney U tends 

to be more appropriate. 

In the second study, we carried out the statistical analysis in two 

stages and used appropriate statistical tests to achieve their 

objectives. In the first stage, we used the Chi-Square statistic for 

testing the relationships between cooperation and the manufacturing 

industries by technological intensity (LTCH/HTCH), cooperation 

and the services firms by knowledge intensity (LKIS/KIS), in 

addition to the firm size (SMEs/Large). Sirkin (2006) corroborated 

that empirical studies commonly use the Chi-Square statistic for 

testing the relationship between categorical variables in a 

contingency table. 
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In the second stage, we tested the hypotheses about these 

relationships by carrying out a logistic regression model for each 

sector. Hosmer et al. (2013) underlined that this methodology is well-

suited for describing and testing hypotheses about relationships 

between a categorical outcome variable and one or more categorical 

or continuous predictor variables.  

Following Schreiber-Gregory and Bader (2018) 

recommendations to avoid future errors in results analysis, we 

verified the logistic regression key assumptions:  

1. Binary logistic regression requires the dependent variable to 

be binary and ordinal logistic regression requires the 

dependent variable to be ordinal. 

2. Logistic regression requires the observations to be 

independent of each other.  

3. Logistic regression requires there to be little or no 

multicollinearity among the independent variables. This 

means that the independent variables should not be too highly 

correlated with each other. 

4. This analysis requires that the independent variables are 

linearly related to the log odds. 

5. Logistic regression typically requires a large sample size. A 

general guideline is that you need at least 10 cases with the 

least frequent outcome for each independent variable in the 

model. 
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In our logistic regression model, we use cooperation / non-

cooperation, a binary outcome variable. The predictor variables used: 

technological intensity (LTCH / HTCH) or intensive knowledge 

(LKIS / KIS) and company size (SMEs / Large) are independent and 

non-correlated variables. Finally, the sample is large enough for each 

independent variable. In the second stage, the statistical analysis was 

replicated but this time using the cooperation groups Universities and 

research institutes (UNI-RSI) / Other partners (OTHRS) as a binary 

result variable. Therefore, all the above assumptions were met. 

Figure 8 shows the variables used in the empirical studies 1 

and 2. 
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2. Case study’s methodology 

In the third article of the thesis, we used the case study as a research 

method.  Yin (2009) defines a case study as "an empirical inquiry 

that investigates a contemporary phenomenon in depth and within its 

real-life context, especially when the boundaries between the 

phenomenon and the context are not clearly evident". The author 

recommends using case study as a research method when (a) how? 

or why? Questions are being posed, (b) the researcher has little or no 

control over the events and (c) the focus is a contemporary 

phenomenon within a real-life context.  

As mentioned in the justification of the thesis, the Covid-19 

pandemic generated a climate of openness and collaboration between 

companies worldwide to face the crisis through the development of 

many projects, applying different technologies and knowledge. 

When we knew about the OxyGEN project, led by a 

Barcelona company that successfully designed and developed 

emergency ventilators for ICUs in hospitals collaboratively with 

different partners. We decided to investigate, document and analyze 

this project from the perspective of open innovation, considering the 

results obtained in our previous studies, but with the intention to 

better understand the phenomenon with a confirmed case in a unique 

context. 

Initially, we asked ourselves several questions that would 

later be part of our research. What motivated the company to develop 

the project? How was the innovation designed and developed? How 
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was the technology transferred to other countries? How was the 

community created, and how was its participation in the project? 

Which organisational practices and strategies used by the company 

were critical to boost the innovation? How or why did other 

companies collaborate with the project? These types of questions, the 

fact of not having control over the variables and the unique context 

in which the project occurred, justified applying the case study 

method. 

2.1. Case study design: Unit of analysis 

A critical component of the case study design is identifying the unit 

of analysis. It is related to the initial research questions (Yin, 2009). 

According to this, the case study design uses two units of 

analysis; for one hand, the company Protofy developed Project 

Oxygen. Also, the teams that participated in the innovation 

community were created around this project. To guide the 

investigation process and data collection, we design two research 

instruments: a semi-structured interview and surveys. The interviews 

were conducted to the company's co-founders with issues related to 

the company's characteristics, organizational practices,  motivations 

to develop the project and the strategies used in the innovation 

process. On the other hand, the surveys were directed to the teams' 

members of the innovation community. They addressed questions 

about profiles of the teams' members, the adoption of the technology, 

the state of the product innovation and collaboration partners. 
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2.2. Rationale for a single-case study design 

Yin (2009) pointed out that a single-case design is justifiable under 

certain conditions where the case represent (a) a critical test of 

existing theory, (b) a rare or unique circumstance, or (c) a 

representative or typical case, or where the case serves a (d) 

revelatory or (e) longitudinal purpose (Yin, 2009, p.52).  

This case study meets some critical conditions that justified 

its design as a single case study: 

1. The type of company that developed the innovation and the 

innovation community created around the project 

2. The type of product that was innovated 

3. The unique context in which this innovation occurred 

4. The opportunity to test the results obtained in our previous 

studies and other essential taxonomies used in open innovation. 

Protofy is a small knowledge-intensive services company 

whose main activity is prototyping different tech products from the 

idea to the industrialisation process, covering design, mechanical 

engineering, electronics, and software. The company designed and 

developed an innovative project, for which they sought collaboration 

with different partners (clients, suppliers, a university, and a research 

institute) and created an innovation community.  

This condition allows us to illustrate with a practical and 

representative case the results obtained in our second study that the 

services firms' cooperation, particularly with universities and 

research institutes, was more explained by their knowledge intensity 
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than their size. On the other hand, this case lets us analyse other 

essential concepts in open innovation, such as the types of open 

innovation (e.g., Gassman and Enkel, 2007); the typologies of 

companies for taking advantage of the different knowledge sources 

(Brunswicker and Vanhaverbeke, 2015), and the concept of co-

creation in innovation communities (by Von Hippel, 2005). 

The company Protofy innovated an industrial-class 

emergency ventilator, this is type of medical device (class II). 

European directives and Royal National decrees regulate medical 

devices to ensure their functioning in conditions of security and 

quality. Accordingly, the prototype OxyGen was the first mechanical 

ventilator that obtained approval from the Spanish Ministry of Health 

(AEMPS) for use on patients. 

This second condition of the case study is essential because 

products with high complexity and comprehensive architecture 

represent a more significant challenge for redistributing resources 

and having capabilities for cooperation (Elsahn and Siedlok, 2021). 

The health crisis due to the Covid-19 pandemic created a 

unique context for open cooperation. Several teams of scientists, 

organisations, and companies worldwide decided to share their 

knowledge, data, or experiences to find quick local solutions to a 

global problem. The Oxygen Project was developed in Spain in these 

exceptional circumstances and impacted 32 countries, driven by an 

innovation community around it. This context also justified the case's 
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design to understand the company's main characteristics and 

strategies to obtain a successful result. 

2.3. Data collection and analysis 

The case study method uses multiple sources of evidence and can 

benefit from the prior development of theoretical propositions to 

guide data collection and analysis (Yin, 2009). 

The primary data sources for this case study were interviews, 

surveys, and documental review. As mentioned above, interviews 

were conducted with the co-founders of Protofy to discuss their 

perspectives and experiences during the project. We used a semi-

structured format for this interview. The interviews were recorded 

and transcribed to assist in the analysis. 

The surveys were applied in the second half of April, during 

the confinement. The subjects selected for the sample were project 

team leaders or project members who filled out a self-administered 

questionnaire through the Google Forms application (online). These 

forms are flexible and suitable to adjust to the needs of the 

investigation for free and without limitations (Abundis, 2016). 

The questionnaire consisted of 12 questions divided into three 

sections: general information about the project and team profile, 

degree of involvement in the OxyGEN project, and cooperation with 

partners in their respective countries. 

We sent invitations with the questionnaire's link to all 

OxyGEN community members registered on Discord.com, the team 
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members' platform, to communicate and share relevant information 

for each project's development. As a result, the response level 

reached 62%, corresponding to 30 projects/teams worldwide. 

Relevant company documents were also analysed. These 

included the blog, video journal, tutorials, publications in newspapers 

and magazines, the project's dedicated website, and participating 

partners' publications. 

An active dialogue was maintained with Protofy to clarify 

inconsistencies and expand and develop the data. In the case of study 

research, by collecting and cross-examining data about the 

innovation process from multiple sources, data collection and 

interpretation are likely to be an accurate representation of reality 

(Yin, 2009). 

In addition to information from the company and the 

innovation community built around the project, we collected data on 

the context of the Covid-19 outbreak in Spain. 
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C h a p t e r  I V  

INNOVATION PERFORMANCE OF THE FIRMS THAT 
HAVE COOPERATED WITH UNIVERSITIES AND 

RESEARCH INSTITUTES IN SPAIN 
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Abstract: This study compares the innovation performance of the firms 
that have succeeded in developing product innovations in cooperation with 
universities with the performance of those that have done so in cooperation 
with research institutes. The performance of these two groups is further 
compared with the group of firms that have cooperated with other types of 
partners. The results show no differences between the innovation 
performance of the first two groups of firms, while the firms in these two 
groups outperformed those that have cooperated with other partners in 
introducing products that were new to the market. These results are 
maintained for both SMEs and large firms, although large firms are more 
likely to have cooperated with universities and research institutes. These 
results validate considering universities and research institutes as a joint 
category in empirical studies, and they distinguish cooperation with both 
types of institutions from cooperation with other partners. 

Keywords: Cooperation; firms - universities - research institutes; inter-
organisational relations; innovation performance.
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Abstract: This study explains the probability that an industry or 

services company to cooperate with universities and research 

institutes, according to its technological intensity, knowledge 

intensity or size. We apply multivariate logistic regression 

analysis to a sample of 11,262 Spanish companies' classified by 

the aggregated categories of these contextual characteristics. The 

results show that the propensity to cooperate with universities 

and research institutes is significant for manufacturing 

companies' size but not for their technological intensity. 

Conversely, services companies, independently firm size, are 

more likely to cooperate according to their knowledge intensity. 

Accordingly, they propose new cooperation models for this 

inter-organizational relationship. 
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1. Introduction 

Since Chesbrough's seminal work in 2003, the most researched topics 

in the open innovation (hereafter OI) literature have been context-

dependency, which includes the internal and external characteristics 

affecting performance, and the collaborative framework that 

companies adopt when opening up their innovation process, which 

treats two main aspects: collaboration partners and the stages of 

collaboration (Bigliardi et al., 2020).  

Regarding context-dependency, industry, as an external 

characteristic, was the first to be analysed. Chesbrough and Crowther 

(Chesbrough and Crowther, 2006) point out that early adopters of OI 

concepts were the high-tech industries (e.g., electronics, the 

automotive industry, biotechnology). However, they are nowadays in 

use in a wide range of industries and services (e.g., food, software, 

financial services). However, empirical studies show intra-sectoral 

and inter-sectoral differences. For instance, Poot et al. (2009) argue 

that the process of adoption of OI between industries does not occur 

continuously over time and that external innovation strategies are 

complementary to internal ones.  Mina et al. (2014) point out that 

business services are more active open innovators than 

manufacturers; they are more engaged in informal than formal OI 

practices, and they attach more importance to scientific and technical 

knowledge than to market knowledge.  
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About the internal context, the most studied characteristic in 

the literature is company size (Huizingh, 2011). While early 

empirical studies suggest that most OI adopters are large companies 

(e.g., Keupp and Gassmann, 2009; Lichtenthaler and Ernst, 2009; 

Bianchi et al., 2011), other studies show that SMEs have adopted 

many OI practices over the last fifteen years, while organizing and 

managing OI in an entirely different way from large companies 

(Usman et al., 2018).  

Therefore, it is not clear if cooperation is equally interesting 

for all companies depending on the contextual characteristics 

(industry or size). In the first part of this study, we use the two 

characteristics to determine which of them best explains the 

cooperation / non-cooperation of industries and service companies 

separately, according to their technological and knowledge intensity. 

Regarding collaboration frameworks, some studies have 

shown that engaging in inter-organizational or collaborative 

networks with various partners is beneficial for firms' innovation 

(e.g., Ahuja, 2000; Faems et al., 2005), emphasizing the importance 

of a portfolio approach to collaboration. Some studies find 

differences in the type of innovation results according to the type of 

collaborating partner. For instance, Belderbos et al. (2004) point out 

that cooperation with competitors and suppliers is on incremental 

innovations, while university cooperation is instrumental in 

generating radical innovations and improving companies' growth 

performance. Furthermore, they show that universities and research 
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institutes' incoming spillovers are a critical determinant of the firm's 

R&D cooperation. Additionally, Arranz et al. (2008) support that 

industries with limited knowledge and technological resources 

establish complementary agreements with universities and research 

institutions, motivated by financial incentives and seeking external 

technology sources. 

Different results are also obtained for the relationship 

between universities, industries, and services according to contextual 

characteristics (industry or size). For example, Lee and Miozzo 

(2019) find that knowledge-intensive service companies and science-

based manufacturing companies are active collaborators of 

universities for innovation. Trigo and Vence (2012) argue that the 

nature of the service activity affects both the choice of partner and 

the cooperation intensity. Furthermore, Lara et al. (2020) find that 

large firms cooperate more with universities and research institutes 

than SMEs. The firms that collaborated with universities and research 

institutes reached a higher average innovation performance than the 

firms collaborating with other partners. These differences held for 

manufacturing and services firms.  

Consequently, within the collaborative framework, it is 

unclear which companies' contextual characteristics are most related 

to the propensity to cooperate with different partners, particularly 

with universities and research institutes. In the second part of this 

study, we are especially interested in explaining whether 

manufacturing industries' or service companies' propensity to 
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cooperate with universities, and research institutes or other partners 

is related to their technological or knowledge intensity and company 

size. 

This study addresses the following research questions: a) 

Which contextual characteristics (technological / knowledge 

intensity, size) are statistically significant in the cooperation 

propensity of manufacturing industries and service companies? 

Moreover, b) Which contextual characteristics (technological / 

knowledge intensity, size) are statistically significant in the 

cooperation propensity with universities and research institutes or 

other partners? 

Attempting to answer these questions, we classify the firms 

that cooperate in innovation activities according to their 

technological intensity (in the case of manufacturing firms) or 

knowledge intensity (in the case of service firms), and firm size to 

understand which characteristic best explains cooperation in general, 

and for specific groups of cooperation partners: universities, research 

institutes, and other partners. 

The document is organized as follows: the literature is 

reviewed in the second section; the methodologies are briefly 

described in the third section; the results are presented in the fourth 

section and discussed in the fifth section, and the sixth section 

concludes. 
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2. Literature Review 

2.1. Cooperation with universities and research institutes 

2.1.1. Manufacturing industries in cooperation with universities 

and research institutes 

Pavitt's taxonomy (1984) classifies the innovative firms and sectors 

developing and using technology into four categories: (1) supplier-

dominated; (2) production-intensive; (3) science-based: and (4) 

information-intensive. They are defined by the sources of 

technology, users' requirements, and the possibilities for 

appropriation. For the science-based firms, the primary sources of 

technology are the R&D activities of firms in the sectors, based on 

the rapid development of the universities' underlying sciences. 

Conversely, Bekkers and Bodas (2008) sustain that the firm's 

industrial sector do not significantly explain the differences in the 

importance of a wide variety of channels through which knowledge 

between universities and industry might be transferred. 

In a study analysing manufacturing firms, Santoro and 

Chakrabarti (2002) point out that size matters concerning the types 

of relationships firms have with universities, and the types of 

technology-centred strategic initiatives firms pursue, i.e., core versus 

non-core technologies. The large firms have higher intensity 

knowledge transfer and stronger research support relationships to 

improve skills and knowledge and gain access to university facilities 

to advance non-core technologies. In contrast, small firms have 

higher intensity technology transfer, stronger cooperative research 
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relationships, and access to university facilities to advance core 

technologies.  

Jang et al. (2017) find that the percentage of large firms 

cooperating with universities is almost triple the percentage of SMEs. 

Lara et al. (2020) also find that large firms cooperate more with 

universities and research institutes than SMEs. Moreover, they point 

out that firms that have collaborated with universities and research 

institutes reach a higher average innovation performance than firms 

collaborating with other partners. These differences remain between 

manufacturing and services firms. 

Thus, in the first part of this study, we use technological 

intensity as an external contextual characteristic and firm size as an 

internal contextual characteristic to explain manufacturing industries' 

cooperation. Considering these results, in the second part, we use the 

same variables to explain the differences in the propensity to 

cooperate with universities and research institutes or other agents. 

2.1.2.  Services firms in cooperation with universities and research 

institutes 

The literature on the relationship between universities and services 

companies has produced different results. Some researchers show 

that service firms are less likely than manufacturing firms to 

cooperate with universities for innovation but are more likely to do 

so with clients or suppliers (Tether, 2005). Moreover, the interaction 

between KIBS firms and universities does not improve their 

innovation performance (Love et al., 2011).   
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Conversely, other studies show that KIBS firms are more 

likely than other firms to collaborate with universities for innovation 

(Segarra-Blasco and Arauzo-Carod, 2008), considering universities 

to be an essential knowledge source for new-to-market innovations 

(Rodriguez et al., 2017). Moreover, they conclude that services firms 

are more active open innovators than manufacturers, they are more 

engaged in informal open innovation practices, and they attach more 

importance to scientific and technical knowledge than to market 

knowledge (Mina et al., 2013).  

Regarding KIBS characteristics for cooperation with 

universities, Lee and Miozzo (2019) determine that science-based 

KIBS firms (those engaged in a science, technology, and innovation 

[STI] mode of organizational learning), like science-based 

manufacturing firms, are active collaborators with universities for 

innovation.  

Regarding the factors that influence service firms' 

collaboration with universities for innovation, Janeiro et al. (2013) 

point out that innovation success, radical innovations, and innovation 

intensity are crucial to developing links between innovative service 

firms and universities. They also support that large service firms tend 

to access universities more intensively than SMEs. 

Taking these results into account and following our 

methodology, we use the knowledge intensity in services companies 

and their size to determine if these contextual characteristics can 
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explain differences in cooperating with universities and research 

institutes or other agents. 

2.2. Cooperation and technological/knowledge intensity 

There is an important debate within the innovation literature that 

concerns whether or not the innovation process in services differs 

from manufacturing (Gallouj and Windrum, 2009). For instance, 

Tether (2005) suggest that manufacturing firms are more likely to use 

"hard" sources of knowledge and technology (e.g., equipment and 

computer software). Contrarily, services tend to emphasize "softer" 

attributes (e.g., human skills and operating and cooperating 

practices), and their cooperation partners are mainly suppliers and 

customers. In a later analysis, Tether and Tajar (2008) identify three 

"modes of innovation": the product-research mode, the process-

technologies mode, and the organizational-cooperation mode. These 

authors argue that firms of different sizes or different sectors have 

different propensities to engage in each mode. For example, high-

tech industries are the most likely to participate in a product-research 

mode, low-tech industries are most likely to engage in the process-

technology mode, and the organizational-cooperation mode is 

particularly prominent in services. 

On the other hand, Hipp et al. (2015) explore the similarities 

and differences of innovation between KIBS in the country members 

of the European Union (EU), highlighting the relatively high 

innovative profile of them with respect to manufacturing industries, 

as well as its cooperative nature towards external partners in the 
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realization of its processes of innovation. However, it also suggests 

that there are significant differences among all KIBS categories.  

2.2.1. Cooperation and manufacturing industries by technological 

intensity 

Regarding technological cooperation, Hagedoorn (2002) finds that 

the main motives why companies engage in technological alliances 

are technology complementarity, reduction of the innovation time-

span, and market access. He also shows a positive relationship 

between partnerships' research orientation and the research intensity 

of the sectors involved and a strongly market-oriented motivation in 

low-tech industries. 

Other studies show differences in the cooperation of 

manufacturing industries in terms of technological intensity. For 

instance, Hirsch-Kreinsen (2008) finds that the innovation pattern of 

low- and medium-low-tech industries differs markedly from that of 

high and medium-high tech industries due to the lack of internal R&D 

capabilities, their specific knowledge base, and few structured 

innovation processes. Moreover, Segarra-Ciprés et al. (2012) show 

that R&D intensive industries explore external sources of knowledge 

more than less R&D intensive industries, but they do not find any 

differences in the exploitation of these sources. 

2.2.2.  Cooperation and services firms by knowledge intensity 

Vence and Trigo (2010) perform an extended intra-sectoral analysis, 

finding notable differences in the innovation and cooperation patterns 

among services firms, pointing out that not all services are non-
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innovative, as previously assumed. These authors identify three 

broad service types according to their innovation process attributes 

(1) Low-innovation-intensive sectors (LIIS); (2) Technology-

intensive and moderately innovation-intensive sectors (TIMIIS); and 

(3) Knowledge and innovation-intensive sectors (KIIS). The last 

profile is also reported in the literature under the label KIBS 

(Knowledge-intensive business services). The latter is considered the 

leading service sector in terms of cooperation and innovation. The 

supplier is the main cooperation partner for each type studied, apart 

from the case of KIIS, where the client plays an important role 

throughout the innovation process. In a later study, Trigo and Vence 

(2012) argue that the nature of the service activity affects both the 

choice of partner and the cooperation intensity. 

Other studies show different results. On comparing KIBS and 

Specialized Suppliers within Manufacturing (SSM), Cainelli et al. 

(2020) show that the impact of R&D is comparable in the two sectors. 

In contrast, cooperation with customers is more critical for SSM than 

for KIBS, which has a more extensive network of partners (especially 

knowledge providers). Amores et al. (2020) find differences in KIBS 

companies' behaviour and manufacturing industries regarding the 

R&D budget and the size of the company. The former ones show an 

inverse relationship; that is, the smaller KIBS companies make the 

most effort in R&D. On the other hand, they found some practices 

common to services and manufacturing are important to explain 

improvements in innovation and financial performance. 
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Additionally, universities and technology centres are the main 

providers for these companies. 

2.3. Cooperation and firm size 

Small and medium-sized enterprises (SMEs) have limited financial 

resources but are more flexible and less bureaucratic, more proactive, 

and market-oriented, characteristics that facilitate innovation (Acs 

and Audretsch, 1987; Brunswicker and Vanhaverbeke, 2015; Cohen 

and Klepper, 1996). On the other hand, large firms have more 

resources to innovate and support risky activities (Tsai, 2001) and 

can benefit from economies of scale in R&D, production, and 

marketing (Stock et al., 2002).  

The first empirical studies suggest that the majority of OI 

adopters are large companies (Keupp and Gassmann, 2009; 

Lichtenthaler and Ernst, 2009; Bianchi et al., 2011; Galati and 

Bigliardi, 2017), although several publications have shown that 

SMEs have been involved in many OI practices over the last fifteen 

years (Usman et al., 2018). Some factors hinder the OI adoption 

process in SMEs, such as lack of knowledge, collaboration, 

organization, and financial and strategic barriers (Bigliardi and 

Galati, 2016). 

The effect of size on Open Innovation shows different results. 

Van de Vrande et al. (2009) find that medium-sized firms are, on 

average, more heavily involved in OI than their smaller counterparts. 

Spithoven et al. (2013) find that the effects of OI practices in SMEs 

often differ from those in large firms. Furthermore, Jang et al. (2017) 
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show that large firms are inclined to conduct OI more actively than 

SMEs, especially outbound open innovation, which involves the 

external exploitation of internal ideas in different markets. These 

authors also suggest that large firms collaborate with diverse partners 

in a percentage distribution compared to SMEs.  

Based on the above explanation, we put forward the following 

hypotheses: 

Hypothesis 1: The cooperation propensity of manufacturing 
industries is related to their technological intensity (low-tech, high-
tech) and firm size (SMEs, large firms). 
 
Hypothesis 2: The cooperation propensity of service companies is 
related to their knowledge intensity (LKIS, KIS) and firm size (SMEs, 
large firms). 
 
Hypothesis 3: Cooperation propensity with universities and research 
institutes or with other partners in the manufacturing industries 
differs according to their technological intensity and firm size.  
 
Hypothesis 4: Cooperation propensity with universities and research 
institutes or with other partners in services firms differs according to 
their knowledge intensity and firm size. 
 
3. Materials and methods 

3.1. Data and Population 

This study used data from the Community Innovation Survey (CIS) 

conducted in Spain from 2012 to 2014. The CIS 2014 applies the 

concepts and methodology of the Oslo Manual (3rd ed 2005). The 

harmonized survey provides a deep understanding of different issues 

concerning innovation in enterprises. This study uses data related to 
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product and process innovations, cooperation for innovation 

activities, cooperation partners, firm size, technological intensity, 

and knowledge intensity. 

The number of enterprises surveyed in Spain CIS 2014 during 

the period was 27,092. The firms that introduced technological 

innovations (product or process) represented 34% of the total, while 

2,546 firms (9.4%) abandoned the innovation activities for product 

and process innovations before completion, and 5,991 firms (22.1%) 

were involved in ongoing innovation activities at the end of 2014. 

The study population includes the firms that conducted 

innovation activities in the years in question (whether they 

introduced product or process innovations, abandoned innovation 

activities, or were involved in ongoing innovation activities). They 

accounted for 11,262 (41.6%) of the total number of firms. 

3.2. Research design 

3.2.1. Dependent variables: Cooperation and cooperation groups 

The firms that cooperated in any of the innovation activities with 

other enterprises or organizations accounted for 4,293 (38.1%) of the 

total of the sample, and the remaining 61.9% did not cooperate. 

We grouped the firms that cooperated with universities, 

research institutes, and other partners, following Lara et al. (2019) 

proposal. 
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3.2.2. Independent variables: Technological intensity, knowledge 

intensity, and firm size 

Following Eurostat's aggregation of the manufacturing industry, 

based on the NACE Rev. 2 classification, the firms were grouped into 

four categories according to their technological intensity: high-

technology, medium-high-technology, medium-low-technology, and 

low-technology. For the statistical analysis, these groups were further 

regrouped into two categories: low-technology and high-technology 

industries. 

In the same line of Eurostat's aggregation of firms in the 

services sector, based on the NACE Rev. 2 classification, the firms 

were grouped into less knowledge-intensive and knowledge-

intensive. 

The firms were grouped into two categories according to the 

number of employees: a) firms with under 449 employees, which are 

small and medium-sized firms (SMEs), and b) firms with more than 

500 employees, which are large firms. 

Table 1 describes the dependent and independent variables. 

3.3. Procedure 

In the first stage, the study uses the Chi-Square for testing the 

relationships between cooperation and the manufacturing industries 

by technological intensity (LTCH/HTCH) and cooperation, and the 

services firms by knowledge intensity (LKIS/KIS), in addition to 

firm size (SMEs/Large).  Sirkin (2006) corroborates that the Chi-
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Square statistic is commonly used for testing the relationship 

between categorical variables in a contingency table. 

The study then tests the hypotheses about these relationships 

by carrying out a logistic regression model for each sector. Hosmer 

et al. (2013) underline that this methodology is well-suited for 

describing and testing hypotheses about relationships between a 

categorical outcome variable and one or more categorical or 

continuous predictor variables.  

For the regression model, the categorical outcome variable is 

the cooperation, represented by (0/1), and the categorical predictor 

variables are technological intensity (LTCH/HTCH) or knowledge 

intensive (LKIS/KIS), and the firm size (SMEs/Large) represented 

by (0/1).  

In the second stage, the analysis was replicated using 

cooperation groups as the outcome variable. These groups are a) 

Other partners (OTHRS) and b) Universities and research institutes 

(UNI-RSI), both represented with (0/1).
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Table 1. Dependent and independent variables 
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4. Results 

The next two subsections include (1) Results of the relationship 

between cooperation and technological / knowledge intensity and 

firm size, and (2) Results of the relationship between cooperation 

groups (Universities and research institutes | other partners) and 

technological / knowledge intensity and firm size. Each subsection 

shows the results of testing the hypothesis with the Chi-square test 

and the logistic regression model results for each sector. 

4.1. Cooperation: technological intensity, knowledge intensity, 

and firm size 

4.1.1. Descriptive analysis and Chi-square test 

The manufacturing industries accounted for 5,936 (52.7%) of the 

firms in the sample, of which around 70% are low-tech industries 

(LTCH), and the remaining 30% are high-tech industries (HTCH). 

The number of industries that cooperated with other 

enterprises or organizations on innovation activities was 2,183 

(36.8%). With 39.8%, high-tech companies were more engaged in 

cooperating than low-tech companies (35.5%). Specifically, the high-

tech industries (HTCH) had a 1.2 times higher risk (odds ratio) of 

cooperating than the low-tech industries (LTCH).  

Table 2(a) shows the cooperation of the manufacturing 

industries by technological intensity. 
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According to the chi-square test result, with a value of 9.83 

and significance p-value=0.002, there is a statistically significant 

relationship between cooperation and the technological intensity of 

industries. This relationship is also moderately and directly 

proportional due to the Phi coefficient, with a value of 0.041 and p-

value=0.002. 

There were 5,326 services firms (47.3%) in the study 

population.  Most of them (67.6%) were knowledge-intensive 

services (KIS), and the remaining 32.4% were less knowledge-

intensive services (LKIS). 

Regarding cooperation, about 44% of the knowledge-

intensive services (KIS) cooperated with other enterprises or 

organizations, while 30.5% of the less knowledge-intensive services 

(LKIS) did so. Therefore, the knowledge-intensive services (KIS) 

had a 1.8 times higher risk (odds ratio) of cooperating than less the 

knowledge-intensive services (LKIS). 

Table 2(b) shows the cooperation of the services firms by 

knowledge intensity. 

According to the result of the Chi-square Test, with a value 

of 89.210 and a significance p-value<0.001, the variables 

cooperation and services sector by knowledge intensity are 

associated. Nevertheless, this relationship is low and directly 

proportional as per the result of the Phi coefficient, with a value of 

0.129 and p-value<0.001. 
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Regarding firm size, small and medium-sized firms (SMEs) 

accounted for 87.1% of the study population (9,806 firms), while the 

remaining 12.9% were large firms. However, about 51.6% of the 

large firms cooperated with other enterprises or organizations in 

innovation activities instead of 36.1% of the SMEs. The large firms 

had a 1.89 times higher risk (odds ratio) of cooperating than the 

SMEs. 

Table 2(c) shows the cooperation of the firms by their size. 

Cooperation and the firm's size are associated variables as per 

the value of 128.43 obtained in the Chi-square Test with a 

significance p-value<0.001. This association is low but directly 

proportional, according to the result of the Phi coefficient, with a 

value of 0.107 and p-value<0.001
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Table 2. Contingency table of cooperation by technological intensity, knowledge intensive and firm’s size. 



 

125 
 

 
 

Table 3 above shows the Chi-Square Test and symmetric 

measures summary for cooperation among the manufacturing 

industries and services firms and the firms' size. 

Table 3. Chi-square tests and symmetric measures summary of cooperation 
by technological intensity, knowledge intensive and firm’s size. 

 (a) Technological 
intensity 

(b) Knowledge-
intensive 

(c) Firm’s 
Size 

N  5936 5326 11262 
Pearson Chi-
Square 

9.839a 89.210b 128.439c 

Degrees of 
freedom (df) 

1 1 1 

Phi 0.041 0.129 0.107 
p-value* 0.002 <0.001 <0.001 

a. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 654.61 

b. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 683.79 

c. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 555.02 
*Level of significance=0.05 

 
4.1.2. Logistic Regression Models 

The logistic regression model of cooperation carried out with the 

manufacturing industries by the technological intensity and firm size 

categories showed the following results:  

Predicted logit of (Cooperation) = 

-0.705+1.126*(Size)+0.137*(Technological Intensity) 

According to the model, the probability of a manufacturing 

firm cooperating is positively related to the firm size (p=<0.05) and 

positively related to the technological intensity (p=<0.05). 
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Nevertheless, the Wald statistic (160.645) of the firm size is higher 

than the Wald statistic (5.317) of the technological intensity. Thus, 

the firm's size contributes more to explaining the cooperation of 

manufacturing firms than their technological intensity. 

Given the same technological intensity, the large firms were 

more likely to cooperate than the SMEs. Large firms have a 3.083 

times higher risk (odds ratio) of cooperating than the SMEs.  

Applying the model, the cooperation probability for a large 

company with high technological intensity was 0.634, while the 

cooperation probability for an SME with low technological intensity 

was 0.33. 

Table 4(a) shows the logistic model of cooperation for the 

manufacturing industries. 

The logistic regression model of cooperation applied to the 

services firms by knowledge intensity and firm size showed the 

following results:  

Predicted logit of (Cooperation) = 

 -0.896+0.320*(Size)+0.611*(Knowledge-Intense) 

According to the model, the cooperation probability for 

services firms was positively related to the firm size (p=<0.05) and 

positively related to the firm's knowledge intensity (p=<0.05). 

Furthermore, the Wald statistic (94.993) of knowledge intensity was 

higher than the Wald statistic (17.410) of the firm size. Thus, 
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knowledge intensity contributes more to explaining the cooperation 

of services firms than their size.  

Given the same firm size, the knowledge-intensive firms 

(KIS) were more likely to cooperate than the less knowledge-

intensive firms (LKIS). The odds ratio of KIS firms cooperating was 

1.842 times higher than the odds ratio of LKIS doing so. 

The cooperation probability of a large knowledge-intensive 

firm was 0.508, while the probability of a less knowledge-intensive 

SME was 0.289. 

Table 4(b) shows the logistic model of cooperation for 

services firms. 

4.2. Cooperation with universities and research institutes or 

other partners: technological intensity, knowledge intensity, 

and firm size  

4.2.1. Descriptive analysis and Chi-square test 

The number of manufacturing industries that cooperated with 

universities and research institutes (UNI_RSI) or other partners 

(OTHRS) was 1,271. Of those, 66.4% are low-tech industries 

(LTCH), and the remaining 33.6% are high-tech industries (HTCH). 
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Table 4. Logistic regression model for the firm’s cooperation* 

(a) Manufacturing industries 
N=5936 B S.E. Wald p-

value** 
Odd 
Ratio 

Firm size (Large) 1.126 0.089 160.645 <0.001 3.083 
Technological intensity 
(HTCH) 

0.137 0.059 5.317 0.021 1.147 

Constant -
0.705 

0.034 431.815 <0.001 0.494 

(b) Services firms  

N=5326 B S.E. Wald p-
value** 

Odd 
Ratio 

Firm size (Large) 0.320 0.077 17.410 <0.001 1.377 
Knowlegde-intensive (KIS) 0.611 0.063 94.993 <0.001 1.842 
Constant -

0.896 
0.055 262.235 <0.001 0.408 

*  Dependent variable codes: Cooperated (1), Did not cooperate (0)  
**Level of significance = 0.05 
 

The high-tech industries cooperated more with universities and 

research institutes (37%) than the low-tech industries (32.6%). The 

risk of HTCH cooperating was 1.2 times higher than for LTCH 

Conversely, LTCH cooperated more with other partners (67.4%) than 

HTCH (63%).  

Table 5(a) shows the manufacturing industries by their 

technological intensity in cooperation with universities and research 

institutes or other partners. 

Accordingly, the result of the Chi-square Test, with a value 

of 2.46 and significance p-value=0.116, showed that cooperation 
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groups and the technological intensity categories are independent 

variables. 

The services firms that cooperated with universities and 

research institutes (UNI-RSI) or with other partners (OTHRS) 

accounted for 1,454 (69%) of the total cooperating firms. Most of the 

firms (73.2%) are knowledge-intensive services (KIS), and the 

remaining 26.8% are less knowledge-intensive (LKIS). 

The knowledge-intensive firms cooperated more with 

universities and research institutes (UNI-RSI) (40.4%) than the less 

knowledge-intensive firms (19%). Furthermore, LKIS (81%) 

cooperated with other partners (OTHRS) more than KIS (59.6).  

Table 5(b) shows the services firms according to their 

knowledge-intensity in cooperation with universities and research 

institutes or other partners. 

As a result, the Chi-square test, with a value of 57.359 and a 

significance p-value<0.001, showed an association between the 

cooperation groups and the knowledge intensity categories of the 

services firms. This relationship is low and directly proportional 

according to the Phi coefficient, with a value of 0.199 and p-

value<0.001. 

Regarding the firm size, the firms that cooperated with 

universities and research institutes (UNI_RSI) or other partners 

accounted for 2,725 (63.4%) of the total number of cooperating firms. 

Most of them (81.5%) were SMEs, and the remaining 18.5% were 

large firms. 



 

130 
 

 
 

SMEs cooperated with other partners (OTHRS) in about 

65.6% of the cases, and the percentage is similar in the case of the 

large firms, at 65.8%. Table 5(c) shows the firms' cooperation with 

universities and research institutes or other partners according to their 

size. 

Cooperation with universities and research institutes 

(UNI_RSI) was also similar between the SMEs (34.4%) and the large 

firms (34.2%).  

Consequently, the result of the Chi-square Test, with a value 

of 0.10 and significance p-value=0.921, showed that cooperation 

with universities or research institutes and firm size are independent 

variables. 

Table 6 shows the results of the Chi-square test and the 

summary of the symmetric measure for the cooperation groups.
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Table 5. Contingency table of the cooperation groups (Universities and Research institutes | Other partners) by 
technological intensity, knowledge intensive and firm’s size. 
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Table 6. Chi-square tests and symmetric measures summary for the 
cooperation groups: Universities and Research institutes | Other partners. 

 (a) Technological 
intensity 

(b) Knowledge-
intensive 

(c) Firm’s 
Size 

N 1271 1454 2725 
Pearson Chi-
Square 

2.466a 57.359b 0.10c 

Degrees of 
freedom (df) 

1 1 1 

Phi 0.044 0.199 0.002 
p-value* >0.05 <0.001 >0.05 

a. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 145.47. 

b. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 134.84. 

c. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 172.96. 
*Level of significance=0.05 

 
4.2.2. Logistic regression models 

The logistic regression model carried out for cooperation with 

universities and research institutes (coded with 1) and other partners 

(coded with 0), and the variables technological intensity and size 

revealed the following results: Predicted logit of (Cooperation 

UNI_RSI) = -0.806+0.761*(Size) 

According to the model, the probability of manufacturing 

industries cooperating with universities and research institutes (UNI-

RSI) is positively related to the firm size (p=<0.05) and is not 

significant in terms of the technological intensity (0=0.216). Large 

firms are more likely to cooperate than SMEs. The risk (odds ratio) 

of large firms cooperating with universities and research institutes is 
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2.14 times higher than the risk of SMEs doing so. The predicted 

probability of cooperating with UNI-RSI for large firms is 0.488, and 

for SMEs, it is 0.308 

Table 7(a) shows the logistic model of the cooperation groups 

(universities and research institutes | other partners) for the 

manufacturing industries. 

The logistic regression model carried out for the cooperation 

groups, universities, and research institutes (coded with 1) and other 

partners (coded with 0), and the variables knowledge-intensity and 

firm size, reveal the following results: Predicted logit of (Cooperation 

UNI_RSI) = -1.299-0.637*(Size)+1.006*(Knowledge-intensive) 

According to the model, the probability of the services firms 

cooperating with universities and research institutes is positively 

related to the firm size (p=<0.05) and the knowledge intensity 

(p=<0.05). Nevertheless, the Wald statistic (48.395) of knowledge 

intensity is higher than the Wald statistic (16.005) of firm size, 

meaning that the knowledge intensity variable contributes more to 

explaining cooperation with universities and research institutes.  

Furthermore, given the same firm size, the knowledge-

intensive services (KIS) were more likely to cooperate than the less 

knowledge-intensive services (LKIS). The odds ratio of KIS 

cooperating with universities and research institutes was 2.73 times 

greater than for LKIS.  

The cooperation probability for large knowledge-intensive 

services firms is a 0.71 probability of cooperating with universities 
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and research institutes (UNI-RSI). Meanwhile, less knowledge-

intensive SMEs have a 0.78 probability of cooperating with other 

partners (OTHRS). 

Table 7(b) shows the logistic model of the cooperation groups 

(universities and research institutes | other partners) for the services 

firms. 

Table 7. Logistic regression model for the cooperation group *: 
Universities and Research Institutes | Other partners  

(a) Manufacturing industries 
N=1271 B S.E. Wald p-

value** 
Odd 
Ratio 

Firm size (Large) 0.761 0.149 26.030 <0.001 2.141 
Constante -

0.806 
0.067 144.950 <0.001 0.447 

(b) Services firms 

N=1454 B S.E. Wald p-
value** 

Odd 
Ratio 

Firm size (Large) -
0.637 

0.159 16.005 <0.001 0.529 

Knowledge-intensive 
(KIS) 

1.006 0.145 48.395 <0.001 2.733 

Constant -
1.299 

0.134 94.648 <0.001 0.273 

* Dependent variable codes: Universities and Research Institutes (1), Other 
partners (0)  
**Level of significance = 0.05 

 

5. Discussion 

The results support accepting the first hypothesis, meaning that the 

cooperation propensity of manufacturing industries is related to both 

technological intensity and firm size. It was also observed that large 

manufacturing firms are three times more likely to cooperate than 
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SMEs, while high-tech companies are 1.4 times more likely to 

cooperate than low-tech companies. Therefore, firm size better 

explains cooperation than technological intensity. 

This finding is consistent with other studies comparing the OI 

practices of large companies and SMEs. For example, Spithoven et 

al. (2013) show that large companies use OI practices significantly 

more than SMEs, with differences in research collaboration and IP 

strategies. However, these authors also note that SMEs make more 

intensive use of OI practices than large companies and are more 

effective in reaping their benefits. Meanwhile, on considering the 

existing asymmetries between large and small companies, Jang et al. 

(2017) propose a model of complementary cooperation between the 

two types of companies in manufacturing industries.  

We also found support for accepting the second hypothesis. 

The cooperation propensity of the services companies is related to 

their knowledge intensity and firm size. However, we also observed 

that knowledge-intensive services firms (KIS) are twice as likely to 

cooperate than less knowledge-intensive services companies (LKIS). 

Meanwhile, large services firms are 1.3 times more likely to 

cooperate than services SMEs. Thus, knowledge intensity contributes 

more to explaining the cooperation of services companies than their 

size. 

This finding is consistent with other studies. For example, 

Miles (2005) points out that knowledge-intensive business services 

(KIBS) are among the fastest-growing European economy areas. 
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Their growth is associated with outsourcing, the internationalization 

of services, and the growth in demand for certain knowledge forms.  

We partially accepted the third hypothesis because 

cooperation propensity with universities and research institutes in 

manufacturing industries is not significant in terms of technological 

intensity, but it is in terms of the firm size.  Moreover, large firms are 

more likely to cooperate than SMEs. The risk (odds ratio) of large 

firms cooperating with universities and research institutes is 2.14 

times higher than for SMEs.  

This finding is consistent with other studies highlighting the 

differences between SMEs and large firms in cooperation with 

different partners, particularly universities. For instance, Laursen and 

Salter (2004) find that a firm's capability to draw from university 

research increases with the organization's size. Moreover, the firms 

that adopt open strategies and invest in R&D are more likely to 

cooperate with universities.  

Belderbos et al. (2006) find that the joint adoption of 

cooperation strategies could be either beneficial or detrimental to 

firm performance depending on firm size and specific combinations 

of strategies. They argue that SMEs benefit from combining 

customers with university or competitor cooperation. For large firms, 

there is a significant impact on a combination of supplier and 

university cooperation. 

Santoro and Chakrabarti (2002) distinguish four main 

components in the industry and university relationship: research 
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support, cooperative research, knowledge transfer, and technology 

transfer. They show that larger firms use knowledge transfer and 

research support relationships to build non-core technological areas. 

In contrast, SMEs, particularly those in high-tech industrial sectors, 

focus on core technological areas through technology transfer and 

cooperative research relationships. 

Regarding SMEs, Brunswicker and Vanhaverbeke (2015) 

argue that these firms adopt different external knowledge sourcing 

strategies depending on their internal practices for managing 

innovation. Thus, SMEs with 'technology-oriented' and 'full-scope 

searcher' strategies interact intensely with universities and research 

organizations.  

We found support to accept the fourth hypothesis. 

Cooperation propensity with universities and research institutes in 

services firms is significant for both knowledge intensity and firm 

size. However, we note that given the same firm size, the knowledge-

intensive services firms (KIS) were 2.7 times more likely to 

cooperate with universities and research institutes than the less 

knowledge-intensive services companies. Thus, we find that 

knowledge intensity would better explain cooperation with 

universities and research institutes in services firms than firm size. 

This finding is the opposite of the study by Wong and He 

(2005) because it shows a significantly lower incident collaboration 

involving universities and research institutes for KIBS firms than for 

manufacturing industries. On the other hand, it is consistent with 
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other studies. For instance, Freel (2006) shows that high 

innovativeness levels in SMEs (knowledge-intensive services and 

manufacturing firms) are related to cooperative relationships 

between KIBS and universities. Furthermore, Lee and Miozzo (2019) 

distinguish KIBS by knowledge bases and modes of organizational 

learning and find that science-based KIBS firms, those engaged in a 

science, technology, and innovation (STI) mode of organizational 

learning, and KIBS firms, engaged in a doing, using and interacting 

(DUI) mode of organizational learning, are active collaborators with 

universities for innovation, and benefit from this collaboration. It is 

also consistent with the typology of cooperation for services firms 

created by Trigo and Vence (2012). Firms intensive in the techno-

scientific flow of information have a high probability of cooperating 

with technology institutes, universities, and suppliers. 

6. Conclusions 

Regarding context-dependency in open innovation, it is not clear 

whether cooperation is equally interesting for all companies 

according to their contextual characteristics (industry or size). 

Similarly, in the cooperation framework, the results of the innovation 

performance of manufacturing industries and services companies 

differ depending on the type of cooperating partner (customers, 

suppliers, competitors, universities, and research institutes) and the 

internal and external characteristics of the firms, such as the 

capabilities and strategies they use to manage the cooperation. 
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The objective of this study was to explain if the propensity to 

collaborate in innovation activities with different partners, 

particularly with universities and research institutes, is related to the 

contextual characteristics of technological intensity in the case of 

manufacturing companies and knowledge intensity in the case of 

service companies, and the size of the companies. 

In the first part of this study, we included both contextual 

characteristics in determining, in general, which of them best 

explains cooperation / non-cooperation. With these results, in the 

second part, we modelled the propensity to cooperate with 

universities and research institutes or other partners in the 

manufacturing industries and the services companies separately. 

According to the results, there is support for accepting the 

first hypothesis and partially accepting the third hypothesis. That is, 

the manufacturing companies' propensity to cooperate is related to 

size and technological intensity. However, we observed that large 

companies have a greater probability of cooperating at the same 

technological intensity level as SMEs. Additionally, the 

technological intensity was not significant for the cooperation of 

industries with universities and research centres. Consequently, the 

industries' cooperation with universities and research institutes was 

more explained by their size than by their technological intensity. 

We also found support for accepting the second and fourth 

hypotheses. The propensity of service companies is related to both 

their knowledge intensity and size. However, we observe that for 



 

140 
 

 
 

service companies of the same size, knowledge-intensive ones are 

more likely to cooperate than less knowledge-intensive ones. The 

same is true when it comes to the propensity to cooperate with 

universities and research institutes. Therefore, the services firms' 

cooperation was more explained by their knowledge intensity than 

by their size.  

This study contributes to the literature on open innovation, 

particularly to the debate about internal and external context 

characteristics (size and technology/knowledge intensity) as 

determinants of manufacturing and service companies' cooperation. 

Significantly, this study contributes to a better understanding of the 

differences between industries' and services firms' inter-

organizational relationships with universities and research institutes.  

Knowing the cooperation model between universities and 

research centres and manufacturing companies due to their size, and 

service companies due to their knowledge intensity allows the same 

actors to understand the characteristics and needs of the parties 

involved, to find opportunities to improve knowledge creation and 

transfer processes, to obtain the expected results of innovation 

performance, and to strengthen their cooperation links. 

Political decision-makers can develop strategies to promote 

the manufacturing industries and service companies' cooperative 

relationships, regardless of their technology level in the first case and 

their size in the second. Besides, they can support universities to 
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improve research and strengthen knowledge and technology transfer 

offices. 

Despite the contributions, the limitation of this study, the use 

of a few explanatory variables, needs to be overcome when 

conducting future research. Other explanatory variables of the 

internal context, which may be related, such as organizational 

structures and strategies used for knowledge management, can be 

added to the cooperation model with universities and research 

centres. Last, it may be interesting to inquire more about the 

determinants and results of the services companies' cooperation, 

which constitute knowledge sources for their clients, including 

manufacturing companies themselves. 
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C h a p t e r  V I  

OPEN INNOVATION IN TIMES OF COVID-19: THE CASE 
OF PROJECT OXYGEN 
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Giovanna Lara 

Abstract: In the face of the health crisis unleashed by Covid-19, experts 
worldwide took on the challenge of designing a low-cost emergency 
ventilator that could be assembled quickly. This study analyzes the 
successful case of the Project OxyGEN, led by the Barcelona-based design 
firm Protofy, which created an industrial-class emergency ventilator and 
obtained approval from the Spanish Ministry of Health (AEMPS) for use 
on patients. The project received scientific support from a local Research 
Hospital, and SEAT, a Volkswagen subsidiary, collaborated in the 
OxyGEN ventilators' mass-production. This open-hardware project 
sprung into action teams in more than 32 countries involved in the 
collaborative design process, adopted or made an iteration of the 
technology. These teams collaborated with suppliers, consultants, 
universities, and research institutes to drive this innovation forward. The 
case highlights the Open Innovation approach, inter-organisational 
relationships between firms of different sectors with research institutions, 
and innovation communities. 

Keywords: Case study, Cooperation, Covid-19, Innovation 
communities, Inter-organisational relationships, Open Innovation, Open 
Hardware. 
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C h a p t e r  V I I  

"When we decide to conduct research and contribute to the body of 
knowledge, we are joining a “dialogue” that is already in progress."  

J. R. Latham 

DISCUSSION 

In this chapter, we answer and discuss the research questions of the 

thesis according to the results obtained in the studies performed. 

Research question 1.1 

Is there a difference in the innovation performance of firms 

with product innovations that have cooperated with 

universities and higher education institutions and the 

performance of firms with product innovations that have 

cooperated with public and private research institutions? 

According to the results obtained in the first study, there were no 

statistically significant differences between the innovation 

performance of the firms with product innovations that have 

cooperated only with universities and the performance of the firms 

that have cooperated only with research institutes. The first 

hypothesis of this study was rejected for both categories of 

innovation: (1) turnover from the new products that were new to the 

market and (2) turnover from the new products that were new to the 

firm. These results would support the practice of considering 

universities and research institutes as a joint category in empirical 
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studies using data as CIS data (as, for example, Belderbos et al., 

2004; Belderbos et al., 2018; Guzzini and Iacobucci, 2017; Tsai, 

2009). 

This study also compared universities and research institutes, 

including other types of cooperation partners in the analysis. 

However, the results remained unchanged, then the second 

hypothesis of this study was also rejected. This double comparison 

adds robustness to the statistical analysis and confirms that firms 

engage in inter-organizational collaboration with different types of 

partners looking for benefits on their innovation performance (Ahuja, 

2000; Faems et al., 2005). 

Research question 1.2 

Is there a difference between the innovation performance of 

the firms with product innovations that have cooperated with 

both universities and public and private research institutes 

and that of firms with product innovations that have 

cooperated with other partners? 

There were statistically significant differences in the innovation 

performance category 'new to the market'. These results partially 

supported the third hypothesis of the first study.  This result 

corroborates the idea that when firms cooperate with universities 

and/or research institutes, they do so to access privileged knowledge 

that could lead to novel products (Belderbos et al., 2012; Monjon and 

Waelbroeck, 2003; Un et al., 2010).  
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Following the literature, the first study also carried out the 

analysis to search possible differences between the innovation 

performance of the firms, according to their size. The results showed 

no statistically significant differences between the firms that have 

cooperated only with universities and the performance of the firms 

that have cooperated only with research institutes.  The results 

remained when these cooperation groups included other partners. 

Consequently, the hypotheses 4 and 5 were rejected. Thus, these 

findings validate considering universities and research institutes as a 

joint category in empirical studies when using samples of SMEs or 

large firms separately.  

Interestingly, the results obtained by the firm size supported 

hypothesis 6 of this study, the innovation performance of the group 

of firms that have cooperated with both universities and research 

institutes differed from the performance of the group of firms that 

have cooperated with other partners. It means that larger firms are 

more likely to cooperate with universities and research institutes than 

SMEs. These results are in line with those in Jang et al. (2017), 

Narula (2004),  Veugelers and Cassiman (2005), and Tsai (2009), 

among others.  

In this study, the sector which firms belong to was used as a 

control variable. The main results showed significant differences for 

the innovation category 'new to the market' in both the manufacturing 

and the services sectors. Therefore, these results support the view that 

the industry plays a relevant role in explaining open innovation 
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(Huizingh, 2011). Additionally, to take advantage of this cooperative 

relationship, companies will need to develop their absorption 

capacity (Kobarg et al., 2018) and open strategies to reach 

agreements (Fontana et al., 2006).  

Research question 2.1 

Which contextual characteristics (technological / knowledge 

intensity, size) are statistically significant in the cooperation 

propensity of manufacturing and service companies?  

According to the results obtained in the second study, the cooperation 

propensity of manufacturing industries is related to both 

technological intensity and firm size. However, it was observed that 

large manufacturing firms are three times more likely to cooperate 

than SMEs. Thus, firm size better explains cooperation than 

technological intensity. These findings are consistent with other 

studies comparing the OI practices of large companies and SMEs 

(Santoro and Chakrabarti, 2002; Spithoven et al., 2013).  

On the other hand, the cooperation propensity of the services 

companies is related to their knowledge intensity and firm size. 

However, it was observed that knowledge-intensive services firms 

(KIS) are twice as likely to cooperate than less knowledge-intensive 

services companies (LKIS). Thus, knowledge intensity contributes 

more to explaining the cooperation of services companies than their 

size. These findings are consistent with the idea that KIBS differs 

from manufacturing firms but also vary substantially in their 
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knowledge bases, drivers and propensities to innovate (Janeiro et al., 

2013; Pina and Tether, 2016). 

Research question 2.2 

Which contextual characteristics (technological / knowledge 

intensity, size) are statistically significant in the cooperation 

propensity with universities and research institutes or other 

partners? 

Interestingly, the results showed that cooperation propensity with 

universities and research institutes in manufacturing industries was 

not significant in terms of technological intensity, but it is in terms of 

the firm size. These results support the view of other studies that size 

is a determinant in the industries-universities cooperation (Larsen 

and Salter, 2004; Belderbos et al., 2006; Fontana et al., 2006), 

particularly for manufacturing industries. The explanation is that 

SMEs typically have fewer resources and specialized personnel than 

large companies, which limits them to "absorb or exploit" scientific 

knowledge and technologies that are developed in universities. 

On the other hand, cooperation propensity with universities 

and research institutes in services firms was significant for both 

knowledge intensity and firm size. However, the analysis also 

showed that given the same firm size, the knowledge-intensive 

services firms (KIS) were more likely to cooperate with universities 

and research institutes than the less knowledge-intensive services 

companies (LKIS). Thus, knowledge intensity would better explain 

cooperation with universities and research institutes in services firms 
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than firm size. This finding is consistent with the idea that high 

innovativeness levels in knowledge-intensive services and 

manufacturing firms are related to cooperation with universities 

(Freel, 2006; Lee and Miozzo, 2019). On the other hand, this result 

differs from other studies that showed that KIBS companies 

collaborated less than manufacturing industries with universities and 

research institutes (e.g., Wong and He, 2005). 

Research question 3.1  

Which characteristics, organisational practices and 

strategies applied by Protofy were remarkable in carrying out 

the product innovation (low-cost emergency ventilator) 

during the Covid-19 pandemic and interacting with the 

innovation community built around this project? 

Protofy is a company established in 2016, based in Barcelona, Spain. 

It is a small, knowledge-intensive services company specialising in 

designing, engineering, and prototyping creative ideas and 

technological solutions. 

The primary characteristics, organisational practices and 

strategies used by this firm during the development of the project 

OxyGEN, were as follows: 

1. The company stands out for the speed to carry out their 

projects. To do so, they use agile project management 

methodologies (e.g., lean, scrum) to enable rapid prototyping 

validated by their clients and users. 
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2. They have a well-integrated multidisciplinary team with a 

distinctly developed capacity to create collaboration networks 

with suppliers and other market participants. 

3. They applied an open hardware strategy for designing the 

product innovation (low-cost emergency ventilator) 

collaboratively. Creating an innovation community to share 

ideas and solutions boosts the OxyGEN project and the 

adoption of technology in other countries. 

4. The outside-in (inbound innovation) process occurred when 

the firm sourced from different knowledge sources, such as 

the MIT team, a research hospital, a university, automotive 

manufacturer and suppliers to develop their project. 

5. The inside-out (outbound innovation) process occurred 

through the release of OxyGEN ventilator design so that other 

individuals, teams, manufacturers, or companies could take it 

and develop their projects.  

These organisational practices let us characterise this firm as 

a "full-scope searcher" company. Brunswicker and Vanhaverbeke 

(2015) define firms in this typology as those which are: heavily 

involved in knowledge sourcing, show a keen interest in external 

ideas from various sources, and have built an innovation ecosystem 

for new ideas. Protofy's example, in particular, shows how firms who 

adopt a full-scope searcher innovation strategy can respond quickly 

to critical changes.  
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Although the Protofy company did not seek an economic 

benefit with this project, the case is consistent with the idea of Li and 

Seering, (2019) that an open-source strategy can make economic 

sense for hardware startups. These companies can naturally establish 

a community that is part of their success. The community can 

increase customer perceived value, decrease product development 

and sales cost, and shorten product go-to-market time. 

The case of the company Protofy is also consistent with the 

results obtained in the second study of the thesis, in the idea that the 

probability of cooperating with universities and research institutes in 

the service companies is more related to their intensity of knowledge 

than to their size. In addition, the absorptive capacity of the firm in 

terms of previous collaboration experiences could have influenced 

the relationship positively. 

Research question 3.2 

Which characteristics and practices used by members of the 

OxyGEN project community facilitated the co-creation and 

promotion of this innovation?  

The innovation community created around the project OxyGEN was 

created very early and played a dual role in the project's development, 

as co-creators and promoters of this innovation. The teams of 

innovators voluntarily joined with the idea of driving innovation and 

"benefiting" from valuable information to develop their own projects 

in the context of their country. As Von Hippel (2006) points out: 

“Democratization of the opportunity to create is important beyond 
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giving more users the ability to make exactly the right product for 

themselves”.  

The community members collaborated closely and 

informally, and the use of the following practices facilitated the 

process of co-creating and promoting this innovation: 

1. Multidisciplinary teams 

2. Collaborative technologies supporting effective 

communication 

3. Open access to knowledge and information 

4. No language barrier between members of the community 

5. Low level of competition 

6. Network effects 

7. Capability to establish alliances with different partners: 

universities, research institutes, suppliers, customers. 

These practices are consistent with Fichter's definition 

(2009); innovation communities are promotor networks or informal 

personal networks of innovators. They are different from other forms 

of social networks (e.g., scientific communities, professional 

communities) by three key criteria: 

a. The community is always related to a specific innovation idea 

or project.  

b. All community members play a promotor role in this process.  

c. The community members collaborate closely and informally, 

and they perceive themselves as a ‘team’, a ‘group’ or a 

similar entity, with a feeling of group identity. 
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C h a p t e r  V I I I  

The final step in the research process is  
to put all the “pieces” together in a cogent conclusion. 

J. R. Latham 

CONCLUSIONS 

In a global and competitive environment, collaboration has shown to 

have a positive impact on innovation performance. However, studies 

have observed that there are differences in performance according to 

the type of cooperator. These findings suggest that establishing 

alliances with different types of collaborators could be favourable, 

depending on the number of sources of knowledge (breadth) and the 

intensity of their use (depth) (Laursen and Salter, 2006).  

The main objective of this thesis was to explore the 

cooperation between manufacturing industries and service 

companies, with universities and research institutes, their propensity 

to cooperate with them in innovation activities and the impact on 

innovation performance. Additionally, it analyzed a practical 

example of cooperation for innovation in a crisis context. 

Universities and research institutes are recognized vehicles of 

innovation through the transfer of knowledge. Thus, the companies 

seek to draw relations with them to access new knowledge, cutting-

edge technologies and research infrastructure to enhance their 

internal research capabilities, improve learning skills, and create new 

or significantly improved products and services to access new 
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markets. Both are essential actors in the national innovation systems, 

they have different characteristics, roles and functions. Thus, they are 

complementary but not substitutes (Arnold et al., 2010).  

Despite their differences, most studies about firms' 

cooperation with universities and research institutes have analysed 

them in a joint category obtaining different results. In the first study, 

we filled this research gap by comparing the firms' innovation 

performance that succeeded in developing product innovations in 

cooperation with universities with companies' innovation 

performance cooperating with research institutes. Additionally, the 

study compared these two groups' performances with the companies 

that cooperated with other types of partners. 

The context-dependency frames a critical aspect of open 

innovation; companies' internal and external characteristics could 

affect the propensity of companies to cooperate, the choice of partner 

and the intensity of their cooperation. Taking this into account, the 

second study aimed to explain if the propensity to collaborate in 

innovation activities with different partners, particularly with 

universities and research institutes, is related to the contextual 

characteristics of technological intensity in the case of manufacturing 

companies and knowledge intensity in the case of service companies, 

and the firm's size. 

The Covid-19 pandemic unleashed an unprecedented social 

and economic crisis and generated a unique climate of openness 
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among companies and institutions to find viable solutions to a global 

problem.  

In this crisis context, a services company based in Barcelona 

carried out a project called OxyGEN for designing and developing 

low-cost emergency ventilators for use in ICUs. For the design and 

development of this innovation, the firm searched for collaboration 

of different partners such as a research hospital, a university, 

suppliers, and an automotive company to produce the industrial 

model of the ventilator. The project sprung an innovation community 

in 32 countries, which boosted this innovation in their countries.  

We documented and analysed this case study from the open 

innovation perspective to understand which organisational practices 

and strategies were relevant to drive this innovation in a context of 

crisis. 

1. Contributions for academics, practitioners, and policy 

makers 

The analysis carried out in the first study of the thesis reveals no 

significant differences when companies collaborated with 

universities and research institutes separately. This result makes an 

academic contribution because support considering universities and 

research institutes as a joint category in empirical studies in Spain 

using data like the CIS data. Despite these results, there could be 

differences in the future and other contexts. We maintain that it 

would be advisable to analyse universities and research institutes 
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independently, as they seem to continuing to evolve into social 

institutions of different character. 

Interestingly, the results supported that firms that cooperated 

with universities and research institutes together outperformed the 

group of firms that cooperated with other partners, for the innovation 

performance category 'new to the market'. The analysis by firm size 

and sector confirmed these results. Thus, it is clear that universities 

and research institutes can form a vast network of potential 

innovation cooperators for SMEs and large companies in the 

manufacturing and services sectors when they want to introduce 

product innovations new to the market. 

The logistic regression models performed in the second study 

showed interesting results. The likelihood to cooperate with 

universities and research institutes for manufacturing industries was 

not significant in terms of technological intensity, but it was in terms 

of the firm size. On the other hand, the cooperation propensity of the 

services firms was significant in terms of both knowledge intensity 

and firm size. However, at the same size, the knowledge-intensive 

firms are more likely to cooperate with universities and research 

institutes than less knowledge-intensive companies.  

These results contribute to the literature on open innovation, 

particularly to the debate about the contextual characteristics, firm 

size and technology/knowledge intensity as determinants of 

manufacturing and service companies' cooperation. Moreover, this 

knowledge contributes to universities and research institutes in 
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designing a cooperation model adequate to the characteristics of 

manufacturing firms and services firms. The parties involved could 

find opportunities to improve knowledge creation and transfer 

processes, obtain the expected results of innovation performance, and 

strengthen their cooperation links. 

As a result of the case study analysis, organisational practices 

and strategies that facilitated inbound and outbound innovation 

processes were identified and the company was classified as a "full-

scope searcher", following the typology of Brunswicker and 

Vanhaverbeke (2015). On the other hand, the study identified 

practices used by members of the innovation community that 

facilitated their role in the co-creation and promotion of this 

innovation. 

For academics, this case study provides an example of open 

innovation in times of crisis and inter-organisational collaboration 

between firms of different sectors (industries and services) with 

universities and research institutes. It contributes to the literature 

about this collaborative relationship. 

For practitioners, it highlights the importance of community-

building and developing internal capabilities to co-create and 

communicate with innovation communities using collaborative 

platforms. Also, to adopt external knowledge sourcing strategies for 

taking advantage of open innovation. 

In general, we consider that these studies contribute to 

academics and practitioners to better understand the cooperation 



 

182 
 

 
 

between industries, services firms, universities, and research 

institutions. In addition, policymakers should consider the distinctive 

role that universities and research institutes play when cooperating 

with firms, particularly developing product innovations to be 

introduced in new markets. 

They should develop strategies to promote the manufacturing 

industries and service companies' cooperative relationships, 

regardless of their technology level in the first case and their size in 

the second. Besides, they can support universities to improve 

research and strengthen knowledge and technology transfer offices. 

Finally, policy-makers may use the case study to support the 

streamlining of approval processes for innovation and policies aimed 

to promote public-private research projects. 

2. Limitations and future research 

In addition to contributions, the thesis' studies have some limitations 

which should be overcome with future research, for instance: 

The limitation of the first study is that the data is not very 

recent. This could be overcome using more up-to-date data. Data 

limitations also hindered the use of parametric tests that would have 

enabled the effects of cooperation, size, and sector on the innovation 

performance of firms to be considered jointly. These newer databases 

should ideally be from different countries and cover an extended 

period of time. 



 

183 
 

 
 

The second study has a limited number of explanatory 

variables. This limitation could be overcome by adding other 

explanatory variables in the analysis. Future studies could explore 

other internal characteristics, such as organizational structures and 

strategies used for knowledge management, which can be added to 

the cooperation model with universities and research institutes.  

The main limitation of a case study is that it cannot be 

generalised but allows digging into how and why questions. To 

overcome this limitation, future research could design a multi-case 

study about industries and services companies that used open-source 

values and strategies to innovate during the pandemic or resourced 

products in this context. 

In the research line of cooperation with universities and 

research institutes still there are still new avenues to explore, future 

research could focus on: 

a. Measure the effect of cooperation with universities and 

research institutes on the innovation performance of 

knowledge-intensive small and medium service companies. 

b. Inquire more about the determinants of services companies' 

cooperation, for example organizational structure and 

practices. 

c. More research will be needed to understand the behaviour of 

firms that reinvented themselves, innovated their products or 

services using collaborative tools during the pandemic of 

Covid-19. 
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d. Investigate the effects of the new forms of work enabled by 

collaborative technologies on the organizational structure. 
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