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Abstract

R&D Collaboration of High-technology 

Ventures

: R&D Partner Type, Venture Stage of Growth, and 

Innovation Performance

Giwon Kim

Technology Management, Economics, and Policy Program

The Graduate School

Seoul National University

Technology ventures are the prime mover of modern economic renewal by 

introducing technological innovations of industries and creating new value for society. 

For these ventures, innovation lies at the core of entrepreneurial activities and the 

possession of technological competencies is critical for their growth and survival. 

However, by the nature of the newly established firm, they often face several 

difficulties in creating innovation on their own due to the internal scarcity of necessary 

resources and capabilities. Therefore, the strategic effort of ventures to source 
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necessary knowledge and resources is critical for effective innovation and growth. 

This study suggests R&D collaboration with external partners as a strategic 

instrument for technology ventures to acquire external resources and facilitate 

innovation. While many scholars have stressed the importance of open innovation and 

R&D collaboration in particular, relatively little attention has been paid to the 

implementation of such open innovation practices for technology-based startups and 

ventures. Moreover, existing studies focusing on the impact of R&D partner selection 

have revealed large inconsistencies in their empirical findings while insufficiently 

taking into account the life cycle stage of the firm at the point of external collaboration. 

This shortage of empirical research with several limitations of extant studies have 

constrained the value of academic findings and made difficulties in implementing such 

strategy in practice.

To this end, this study aims to provide a strategic framework for the successful 

implementation of the R&D collaboration of technology ventures by investigating the 

beneficial type of R&D partner according to the growth stage of firm. This study 

categorizes a broad range of external partners into two group of partners – research-

oriented partners (university, research institute) and entrepreneurial partners (large firm, 

SME, foreign firm) – and examines the impact of collaborating with each type of 

partner on the innovation performance of ventures in three different stage of growth –

early stage, growth stage, and stability stage. By employing the ‘Survey of Korean 

Venture Firm’ data, the empirical analysis with 481 Korean ventures reveals that for 
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early-stage ventures, entrepreneurial partners such as large firms are suggested as more 

beneficial types of R&D partner than research-oriented partners. For growth-stage 

ventures, both entrepreneurial partners and research-oriented partners are suggested as 

beneficial types of partners. Lastly, for stability-stage ventures, R&D collaboration 

with research-oriented partners such as universities contributes more effectively to 

innovation performance than entrepreneurial partners. Several academic contributions 

and practical implications will be discussed. 

Keywords: Technology venture, R&D collaboration, R&D partner selection, 

Venture stage of growth, Innovation performance

Student Number: 2018-29670
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Chapter 1. Introduction

1.1 Research background

Technology ventures take a pivotal role in modern economic renewal 

(Schumpeter, 1934) by introducing technological innovations of industries (Acs & 

Audretsch, 1990; Tushman & Anderson, 1986), creating new jobs, and value for 

society (Mitra, 2019). New technologies that can be attributed much to 

entrepreneurial high-technology ventures include biotechnology, artificial 

intelligence, e-commerce, and cloud computing (Garbuio & Lin, 2019; K. Kim, 

Kang, & Altmann, 2014). For these ventures, innovation lies at the core of 

entrepreneurial activities (Acs & Audretsch, 1988; Zahra, 1996). They use their

technological resources as a source of competitive advantage (Ng, Pearson, & 

Ball, 1992) and the possession of technological competencies such as 

competences in R&D activities (Deeds, 2001; Diestre & Rajagopalan, 2012) are 

critical for their growth and survival (Zahra, 1996). However, by the nature of 

newly-established firms, they are constrained by the liabilities of smallness and 

newness (Freeman & Engel, 2007; Hannan & Freeman, 1989), and often 

encounter several difficulties in developing and acquiring necessary resources for 

their innovation process (Usman & Vanhaverbeke, 2017). Thus, the strategic 
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effort of ventures to source necessary knowledge and resource that are required at 

each stage of development is critical for effective innovation and growth of 

ventures (Baum, Calabrese, & Silverman, 2000; Li, 2013; Usman & 

Vanhaverbeke, 2017).

For these ventures, R&D collaboration with external partners can be an effective 

antidote (Ahuja, 2000; Rothaermel & Deeds, 2004; Weijian Shan, 1990). In a joint 

development process of innovative technologies or products with capable partners,

ventures are allowed to learn and mobilize technological know-how and skills that 

reside in partner’s organizational knowledge base (Belderbos, Carree, & Lokshin, 

2004; Hagedoorn, 2002; Powell, Koput, & Smith-Doerr, 1996). In addition, R&D 

collaboration enables ventures to access diverse complementary resources and 

capabilities such as marketing expertise, distribution channels, or production 

facilities for the development and commercialization of their product (Katila, 

Rosenberger, & Eisenhardt, 2008; McGee, Dowling, & Megginson, 1995; Stuart, 

1999, 2000). Recognizing the importance of R&D collaboration strategy for 

technology ventures, recent studies have investigated several factors affecting the 

outcome of R&D collaboration and its effectiveness on venture performance (e.g. 

Rothaermel & Deeds, 2006; Katila et al., 2008; Diestre & Rajagopalan, 2012; Li, 

2013). 
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In particular, many scholars have recognized that R&D partner selection is an 

instrumental decision of a firm that largely determines the efficacy of the R&D 

collaboration strategy (Aschhoff & Schmidt, 2008; Belderbos et al., 2004; Fritsch 

& Franke, 2004; Zhou, Liu, Li, & Zhang, 2018). Given that inter-organizational

collaboration is an instrument to acquire and exchange resource and capabilities

(Ahuja, 2000; Stuart, 2000), the benefit gained from R&D collaboration is 

contingent upon the type of partner since ventures can access and learn different 

type of knowledge and resources from different partners (Lhuillery & Pfister, 

2009; Nieto & Santamaría, 2007; Roy, Robert, & Lasch, 2016). Moreover, due to 

distinctive institutional characteristics and incentive structure, different type of

partner may show different behavioral patterns in the collaboration process, which 

can also affect the effectiveness of external collaboration (Kang & Kang, 2010; 

Katila et al., 2008). As such, many scholars have investigated the benefits and 

costs associated with selecting certain type of R&D partner and empirically 

examined the impact of collaborating with certain partner type on firm 

performance 

1.2 Problem statement

Despite the importance of choosing an appropriate partner for the successful 
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implementation of R&D collaboration of ventures, extant studies of R&D partner 

selection have shown several limitations.

First, in examining the impact of collaborating with diverse R&D partners on 

firm innovation performance, predominant attention has been paid to large 

corporates and multi-national enterprises (H. W. Chesbrough, 2006; Grigoriou & 

Rothaermel, 2017; Hagedoorn, 2002; Sampson, 2007), and some for small- and 

medium-sized enterprises (SMEs) (Narula, 2004; Van de Vrande, De Jong, 

Vanhaverbeke, & De Rochemont, 2009; Zeng, Xie, & Tam, 2010), while 

relatively little attention has been paid to the innovation performance of start-ups 

and technology ventures (Spender, Corvello, Grimaldi, & Rippa, 2017; Usman & 

Vanhaverbeke, 2017). The internal scarcity of resources and capabilities often 

induces ventures to find external partners to acquire necessary resources for their 

innovation process (Weijian Shan, 1990; Weijan Shan, Walker, & Kogut, 1994; 

Teece, 2010). As such, open innovation and external R&D collaboration play even 

more instrumental role for the innovation of technology ventures (Katila et al., 

2008; Usman & Vanhaverbeke, 2017). Despite the importance, existing studies of 

R&D partner selection seldom explored the differential impact of diverse R&D

partners on the innovation performance of ventures. 

Second, existing studies have shown inconsistent and even conflicting findings 
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on the impact of certain R&D partner type on innovation performance. For 

instance, while the study of Zhou et al. (2018) found a significant positive impact 

of collaborating with research institute on innovation performance, the study of 

Aschhoff & Schmidt (2008) suggest no significant impact of R&D collaboration 

with research institute on firm innovation. Moreover, Nieto & Santamaria (2007) 

suggest that collaboration with competing firm is negatively related to innovation 

performance, while Belderbos, Carree, & Lokshin (2004) find a positive and 

significant impact of collaborating with competitor on firm innovation 

performance. This ambiguity of findings restricts both academic contribution and 

practical implication for ventures in applying valuable academic findings in real 

practice and thereby, requiring further research. 

Third, researchers have insufficiently taken into account that the impact of 

collaborating with certain R&D partners can be changed over time. According to 

organizational life cycle theory, as firms progress through their embryonic phase,

to the growth and the maturity phase, they encounter a different set of challenges 

and problems that generate unique resource requirements and internal demand to 

develop certain capabilities to handle newly-emerged problems at each stage of 

growth (Dodge, Fullerton, & Robbins, 1994; Fisher, Kotha, & Lahiri, 2016; 

Kazanjian & Drazin, 1990). This implies that, although different types of R&D 

partners can offer a distinctive bundle of resources and capabilities that are 
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applicable to the innovation process of a focal firm, the value of those acquired 

from external partners can also be moderated by the actual demand and internal 

necessity of that resources at the time of collaboration (Hwang & Park, 2007).

Despite the importance of considering this time-varying internal state of firm

(Belderbos, Gilsing, Lokshin, Carree, & Sastre, 2018; De Man & Duysters, 2005),

most prior studies have predominantly focused on properties of accessible

resources and capabilities through collaborating with certain partner (Belderbos et 

al., 2004; Un & Asakawa, 2015), while relatively little research empirically 

examines how time-varying internal demands of those resources according to the 

life cycle stage of firm moderate the relationship between the external resource 

acquisition and innovation performance.

1.3 Research objective and research question

In an effort to resolve the perceived constraints in the extant literature, this study 

aims to offer a strategic framework for technology ventures for their effective 

implementation of R&D collaboration by jointly considering R&D partner type 

and the growth stage of venture. As such, this study takes contingency perspective 

and considers the growth stage of venture as a critical contingency factor that 

moderates the influence of R&D partner type on the innovation performance of 
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ventures. Although extant literature offers a number of multi-stage models, this 

study adopts Kazanjian’s (1988) venture stage of growth model as it primarily 

focuses on the developmental process of technology ventures. 

To this end, the present study examines the following research question: How 

does the influence of R&D partner type on the innovation performance of ventures 

can be changed according to the growth stage of venture? To address the research 

question, this study categorizes a broad range of external partners into two groups: 

research-oriented partners (universities, public and private research institutes) and 

entrepreneurial partners (large enterprises, SMEs, and foreign firms). Then, this 

study proposes three hypotheses predicting the impacts of collaborating with 

research-oriented partners and entrepreneurial partners on the innovation 

performance of ventures at three different stages of the venture life cycle – the 

early stage, the growth stage, and the stability stage. 

The core argument of the present study is thus as ventures progress through the 

different stages of growth, it needs to find different type of partners, i.e. either 

research-oriented partners or entrepreneurial-oriented partners, to procure 

appropriate resources that “fit” on specific needs and requirements associated with 

certain stage of growth where they are involved. This assertion highlights the 

importance of ventures to conduct ex-ante analysis on resource requirements by 
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considering their growth stage before choosing a particular type of partner. 

1.4 Data and methodology

To examine the proposed hypotheses, this study employs the ‘Survey of Korea 

Venture Firms’ data conducted by the Ministry of SMEs and Startups (MSS) of 

Korea in 2014, 2015, 2016 and 2017. Using four-year consecutive data allows a 

more accurate examination of the impact of external collaboration on innovation 

performance over the appropriate time period (2 years). To construct a two-year 

data set, ventures included in 2014 and 2015 (time t) survey are matched with 

those included in 2016 and 2017 (time t+1), respectively by constructing unique 

id number for each firm based on firm-specific information such as information of 

founder, firm location, and industry, etc. After excluding samples with missing 

data, the final sample of the study consists of 481 technology ventures of Korea. 

This study employs one-way ANOVA test and negative binomial regression 

analysis as two principal statistical methods. The one-way ANOVA test is 

employed to examine whether there exist meaningful differences in firm 

characteristics according to the venture stage of growth. The negative binomial 

regression model is employed to empirically examine the proposed hypotheses. To 
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identify the most beneficial type of collaborator at each stage of growth, this study 

divides a total of 481 ventures into three groups according to their growth stage 

and conducts regression analysis separately. 

1.5 Contribution

The major contributions of this study are three folds: First, this study 

contributes to the literature of open innovation by considering the open innovation 

practice of technology ventures in different stages of growth that has been less 

discussed in mainstream research. Second, this study proposes a contingency 

framework by adopting organizational life cycle theory in analyzing the effect of 

R&D partner on the innovation performance of venture, which enlarges our 

understanding of the factors that affect the R&D collaboration process. Third, this 

study advances the research on R&D collaboration and R&D partner selection in 

particular by providing partial explanation on why previous research has failed to 

reach converging results on the effect of R&D partner type on the innovation

performance by combining two hitherto less combined dimensions, R&D partner 

type and venture stage of growth, simultaneously. Lastly, for practical implication, 

this study offers a strategic framework for ventures to wisely utilize R&D 

collaboration to overcome the internal scarcity of resources and capabilities. 

Specifically, this study suggests the CEO or manager of venture ask themselves 
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“which type of resources and capabilities are required?” by considering their 

growth stage before choosing a certain type of R&D partner. 

1.6 Research outline

The remainder of the paper is structured as follows. Firstly, in Chapter two, this 

study provides a literature review on R&D collaboration and discusses the

properties of research-oriented partners and entrepreneurial partners. This study

also reviews the organizational life cycle theory and the venture stage of growth 

model to provide a deeper understanding of the growth stage of venture as a 

contingency factor. Then, in Chapter three, by jointly considering the two 

literature streams, this study will propose research hypotheses. Chapter four 

describes data and methods and empirical results will be followed in Chapter five. 

Then, in Chapter six, this study offers discussions on major findings and 

concludes with several contributions, implications, and some limitations of the 

present study. 
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Chapter 2. Literature review

2.1 R&D collaboration of technology ventures

In the fast-changing technological paradigm and shortening product life-cycle, 

no single firm has all the necessary resources and capabilities to achieve 

innovation (Ahuja & Katila, 2001; Hagedoorn, 2002). Accordingly, open

innovation, which underscores the intentional inflow and outflow of resources

over the boundary of firm, has become at the core of both innovation management 

research and entrepreneurial strategy in practice (H. Chesbrough, Vanhaverbeke, 

& West, 2006; Usman & Vanhaverbeke, 2017; Van de Vrande et al., 2009). In 

particular, R&D collaboration with external partners as an open innovation 

practice has drawn significant attention (Cassiman & Veugelers, 2002; C.-S. Kim 

& Inkpen, 2005; Narula, 2004). In a process of collaborating with external 

partners for the joint development of innovative technologies or products, R&D 

collaboration allows ventures to access and mobilize valuable resources and 

capabilities of the partner, which are costly to develop internally and not always 

possible to procure efficiently in the market (Weijian Shan, 1990; Stuart, 2000). 
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As such, R&D collaboration has become an important vehicle for the achievement 

of innovation not only for multi-national corporations but also for large firms and 

SMEs (Lee, Lee, & Pennings, 2001; Usman & Vanhaverbeke, 2017). 

However, R&D collaboration and external knowledge acquisition are also 

important for the success and survival of technology-based startups and ventures 

(Diestre & Rajagopalan, 2012; Li, 2013). Many scholars have recognized that 

technology-based startups and ventures also pursue open innovation practices

such as R&D collaboration in their process of developing and marketing new 

products and services (Chang, 2004; Li, 2013; Usman & Vanhaverbeke, 2017). By 

the nature of the newly established firm, ventures are characterized by scarce 

resources and weak internal capabilities (Katila et al., 2008), and encounter 

numerous problems and challenges in developing and commercializing innovative 

products and technologies (Freeman & Engel, 2007). As such, start-ups and 

ventures have a stronger desire to acquire necessary knowledge and resources to 

overcome barriers of innovation through collaborating with external partners

(Shan, 1990). 

Recognizing the importance of the R&D collaboration strategy, many scholars 

have actively investigated the factors that may affect the process and the outcome 

of R&D collaboration. Among them, one strand of the literature has focused on 
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the R&D partner selection, which examines the impact of collaborating with 

several types of partners on firm innovation performance (Aschhoff & Schmidt, 

2008; Li, Eden, Hitt, & Ireland, 2008; Un & Asakawa, 2015). The decision on the

type of partner to collaborate with is important since it limits the scope of the 

accessible resources and capabilities (Un & Asakawa, 2015). Also, different 

partners may show idiosyncratic behavioral features in the collaboration process 

according to their distinctive institutional characteristics and motivation, which 

can also affect the collaboration process and the outcome (Katila et al., 2008; Li et 

al., 2008). Especially for technology ventures, the decision on R&D partner type 

is critical since while ventures use R&D collaboration to source necessary 

resources and capabilities, they are also exposed to potential threats of infringing 

intangible technological resources by ‘sharks’ (Diestre & Rajagopalan, 2012; 

Katila et al., 2008). Considering the importance of selecting the appropriate R&D 

partners, many studies have investigated the benefits and costs associated with 

selecting the different types of R&D partners.

2.1.1 The impact of R&D partner type on innovation performance

Prior studies have considered several types of partners such as university, 

research institute, competing firm, large firm, SME, supplier firm, foreign firm 
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and more (Nieto & Santamaría, 2007; Noseleit & de Faria, 2013; Ritala & 

Hurmelinna Laukkanen, 2013; Un & Asakawa, 2015)‐ . And, many studies have 

categorized these partners into several groups based on either the relational 

features between focal firm and partner, or resource profile of partner. For 

instance, the study of Rothaermel and Deeds (2006) focused on R&D alliance of 

biotechnology ventures and classified diverse external partners into three groups –

upstream alliance (universities, research institutes), downstream alliance 

(pharmaceutical firms), and horizontal alliance (other biotechnology firms) –

based on relational feature between biotechnology firm and external partners. 

Also, the study of Du, Leten, and Vanhaverbeke (2014) focused on the resource 

profile of partners and classified several partner types into two groups – science-

based partners (universities, research institutes) and market-based partners

(supplier firms, customers). Since this study follows existing studies which 

conceive R&D collaboration as an instrument to source external knowledge and 

resource (Ahuja, 2000; Stuart, 2000), this study also categorizes a broad range of 

partners based on resource profile and classifies them into two groups – research-

oriented partners and entrepreneurial partners (Du, Leten, & Vanhaverbeke, 2014). 

Research-oriented partners include universities, government-funded public 

research institutes, and private research institutes which are likely to focus more 

on scientific research and knowledge dissemination activities (Un, Cuervo‐
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Cazurra, & Asakawa, 2010). Thus, through R&D collaboration with research-

oriented partners, technology ventures can access a wide variety of scientific 

knowledge and human resources specialized in scientific research, and can utilize 

well-established research facilities and infrastructure (Maietta, 2015; Tsai, 2009). 

However, since research-oriented partners are more incentivized to create research 

output as the outcome of R&D collaboration through publishing scientific article, 

report, and thesis (Freitas, Marques, & e Silva, 2013), this may not always be 

parallel to the desire of entrepreneurial ventures which aims to commercialize the 

outcome. 

Entrepreneurial partners include large corporates, small- and medium-sized 

enterprise (SMEs), and foreign firms which are likely to have better capacity in 

technological knowledge and tend to focus more on development and 

commercialization activities. Through R&D collaboration with entrepreneurial 

partners, technology ventures can utilize technological know-how, skills, and 

accumulated experience in product development (Diestre & Rajagopalan, 2012). 

Also, entrepreneurial partners possess diverse complementary resources to 

support innovation process such as marketing capabilities and sales expertise 

(McGee, Dowling, & Megginson, 1995), operational resources such as production 

facility or distribution channel (Katila, Rosenberger, & Eisenhardt, 2008), and

social recognition and reputation (Stuart, 1999, 2000). However, as Katila et al., 
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(2008) noted, entrepreneurial partners may have an interest in accessing venture’s 

technological assets, which counters the need of ventures and may pose the 

potential threat of misappropriating intellectual resources during the collaboration 

process. 

Despite the effort of many scholars, extant studies of R&D partner selection have 

shown diverging and even conflicting findings on the role of R&D partner type on 

innovation performance. For instance, regarding the impact of collaborating with 

research-oriented partners, empirical studies such as Belderbos, Carree & Lokshin 

(2004), Zhou et al., (2018), Kang & Kang (2010) found a positive influence of 

collaborating with universities or research institute on firm innovation 

performance. In contrast, Roy, Robert, & Lasch (2016) and Aschhoff & Schmidt 

(2008) found empirical evidence that there is no significant impact of 

collaborating with research institutes on firm innovation performance. Similarly, 

there is also a large inconsistency of empirical findings on the impact of 

entrepreneurial partners on the firm’s innovation performance. This ambiguity 

implies that other factors may moderate the relationship between external 

collaboration and innovation performance, which require further research. This 

study contends that revealed inconsistency of empirical findings can be partially 

explained by considering the organizational life cycle stage as a contingency 

factor, which will be discussed in detail in the following section.
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2.2 Organizational life cycle theory

Characterized by its unique biological metaphor, organizational life cycle theory 

delineates the evolutionary process of organizational creation and growth in a

systematic way (Gilbert, McDougall, & Audretsch, 2006). The concept was first 

suggested by Alfred Chandler in 1962 and the theoretical perspective has been 

widely diffused and adopted by several academic disciplines (Quinn & Cameron, 

1983). The core argument of the theory is that as organization grows from its birth, 

growth, and mature, it progresses through sequential, predictable stages so that the 

transformation of organizational variables is required to evolve from one stage to 

another (Churchill & Lewis, 1983; Dodge et al., 1994; Fisher et al., 2016). 

Although scholars in the literature of organizational life cycle have suggested 

several multi-stage models with different number of stages and different labels 

(Phelps, Adams, & Bessant, 2007), all models convey similar ideas that 

organization must address new set of problems and tasks for further progress that 

are unique in their degree of manifestation according to the stage it involved

(Fisher et al., 2016). However, what is distinctive by each model is the subset of 

organizations certain models primarily focus on. Therefore, the selection of a 

particular model should be based on the relevance between the specific focus of 



18

the subset of organizations being studied and the context of particular life cycle 

model (Fisher et al., 2016). As this study focuses on technology ventures, the 

growth stage model of technology ventures suggested by Kazanjian (1988) is

most suitable life cycle model to adopt (Kazanjian, 1988; Kazanjian & Drazin, 

1989; Kazanjian & Drazin, 1990).

Similar to other life cycle models, Kazanjian’s life cycle model conceived the 

life cycle stage as a composite of dominant problems and tasks (Kazanjian, 1988). 

In his model, technology ventures encounter a unique set of problems and tasks 

that generates specific demand in resources and organizational capabilities to 

resolve encountered problems (Gaibraith, 1982). Thus, Kazanjian (1988) insists 

that the growth of technology ventures, i.e. progress from one stage to another, 

depends significantly on whether the ventures resolve dominant problems at each 

stage of growth (Dodge et al., 1994; Kazanjian & Drazin, 1990). He suggested a 

four-stage model of venture growth: conception, commercialization, growth, 

stability. Since this study conceives the R&D collaboration of technology ventures 

as an instrument to acquire necessary resources and capabilities, I first describe 

problems and tasks of each stage and then discuss and hypothesize how and 

whether a certain type of R&D partner and their resources can contribute to the 

innovation process of ventures in the following section. 



19

2.2.1 Venture stage of growth model

In the first period, the conception stage, the primary focus of technology 

ventures is to develop underlying technologies and realization of the idea by 

building a prototype (or ‘minimum viable product’) (Moogk, 2012). The 

prototype at this stage is usually designed to convey minimum but core features 

that can satisfy the basic expectation of early customers with the product (Duc & 

Abrahamsson, 2016). At this stage, founder and two or more team members are 

the key human resources of the venture and much of the activities focus on 

resolving early technical and engineering problems that are mostly defined and 

led by the founder (Kazanjian & Drazin, 1990). Also, ventures actively seek early 

adopter’s feedback by showing their prototype to revise and improve technical 

and design features that satisfy the market needs (Anderson & Zeithaml, 1984; 

Blank, 2013). In dealing with all these tasks, there are virtually no organizational 

formality or structure and all employees work more like generalist rather 

specialist dedicated to the specific field of work (Katz & Gartner, 1988). 

In the second period, the commercialization stage, given that ventures succeed to 

develop a viable product and find the targeting market, they start to sell their early 

version of the product (Blank, 2013). Thus, the dominant problems at the stage are 
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developing and marketing their product (Kazanjian, 1988). To ensure early 

product to work well, technology ventures should improve the initial prototype to 

the level of product that is enough to satisfy certain market needs and expectations

(Kazanjian & Drazin, 1990). Also, ventures at this stage need to kick off early 

marketing programs and they should identify adequate facilities, reliable suppliers 

and manufacturers to start production and commercialization (Fisher et al., 2016). 

As the complexity of organization and tasks increases, the initial form of 

functional specialization occurs but still, large attention is paid to technical 

activities (Kazanjian, 1988).

In the third period, the growth stage, given that ventures successfully find 

‘product-market fit’ (Paschen, 2017), the typical results are the rapid increase in 

the number of customers and employees (Kazanjian & Drazin, 1990). This leads 

to the emergence of new problems and tasks for technology ventures. As the 

number of customers increases, it becomes important to produce and distribute 

products in volume while attaining profitability (Day, 1981; Nadeau & Casselman, 

2008). Also, since market expansion often leads to the entrance of new 

competitors, ventures start to face pressure to differentiate their product compared 

to the rival substitutes (Thietart & Vivas, 1984). Another dimension is firm size. 

As the size of the firm increases, the establishment of an efficient task system 

rises as new challenges for the growth of ventures (Kazanjian, 1988). To manage a 
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bunch of problems effectively to accomplish dominant tasks at the stage, ventures 

should transform their organizational structure with an increasing sense of 

functional specialization, formality, and hierarchy if necessary (Kazanjian, 1988). 

Establishing an effective system as a whole is a critical challenge ahead of 

ventures at the stage. 

In the fourth period, the stability stage, the growth rate of ventures will taper off 

and reaches the growth rate of the market at the end (Wang, Wang, & Zhao, 2015). 

As the market enters into maturity, any attempt to increase the sales of one firm 

should compensate the other firm’s sales so that there exists strong competition in 

the industry (Anderson & Zeithaml, 1984; Wong & Ellis, 2005). As such, the core 

challenge of the ventures at this stage is to attain an effective market position in 

the industry by differentiating their products and searching for unfilled market 

niches to maintain growth momentum (Kazanjian, 1988; Porter, 1980). Typically, 

ventures at this stage focus on the introduction of second-generation product and 

try to achieve process innovation in order to increase the efficiency and lower cost 

(Kazanjian & Drazin, 1990). The degree of formality of organizational structure 

also increases with a higher sense of bureaucratic principles with standardized 

rules and procedures (Fisher et al., 2016). 

As each growth stage of venture imposes a different set of problems and tasks, 
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technology ventures must respond effectively by developing resources and 

capabilities required to resolve encountered problems. However, it is impossible 

and inefficient to develop all the necessary resources and capabilities internally 

(Ahuja & Katila, 2001; Hagedoorn, 2002). Some types of resources and 

capabilities are difficult and costly to develop and as such, effective acquisition of 

necessary resources and capabilities through collaboration with external partners

is instrumental in facilitating the growth of ventures (Katila et al., 2008). Despite 

the importance of external resource acquisition, many studies in organizational

life cycle literature have primarily focused on internal strategy of firm such as 

modification of organizational design (Kazanjian & Drazin, 1990), legitimacy 

attainment strategy (Fisher et al., 2016), resource and capability orchestration 

pattern (Carnes, Chirico, Hitt, Huh, & Pisano, 2017), competitive strategy (Cai, 

Chen, Chen, & Bruton, 2017), educational heterogeneity of human resource 

(Tzabbar & Margolis, 2017) in overcoming new requirements and challenges 

imposed at each stage. However, relatively less attention has been paid to the

external acquisition of resources with the consideration of the life cycle stage of

venture growth. Focusing on this issue, in the following section, this study 

proposes several hypotheses predicting the most beneficial R&D partner type at 

three different stages in the life cycle by jointly considering the resource profile of 

external partner and internal resource demand of ventures. 
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Chapter 3. Hypotheses development

3.1 R&D partner selection of early-stage ventures

Although conception and commercialization stages are separately considered in 

the work of Kazanjian (1988), it is less meaningful to distinguish between two 

stages for modern start-ups and ventures due to the emergence of lean movement

(Reis, 2011; Blank, 2013). Many start-ups and ventures in the 21st century adopt 

lean start-up method and agile development process as a principle approach in 

business venturing (Blank, 2013). Unlike traditional approach which underlines 

the sequential process that starts from conception of business idea to the

establishment of business model and prototype, lean methods and agile process

emphasize rapid, iterative development of prototype (i.e. minimum viable product)

and active usage of customer feedback from the very early stage of idea 

conception, prototype development, and commercialization to eliminate waste of 

time and resources (Hart, 2012; Ries, 2011). As such, in a modern start-up 

environment, strictly distinguishing between conception stage and 
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commercialization stage is not effective as much as in the 1980s and accordingly, 

this study conceives two stages as a single unit of analysis. 

For early-stage (conception and commercialization stage) ventures, the primary 

focus of activities lies at the development of technologies, prototypes, and the 

early version of commercial products (Moogk, 2012; Duc & Abrahamsson, 2016). 

In addition to technical issues, ventures should identify market niches, develop 

initial marketing plan, and construct network linkages with reliable suppliers and 

manufacturers (Kazanjian & Drazin, 1990). Thus, necessary resources and 

capabilities at this stage range from technological skills and engineering know-

how especially for the development of the early stage product, to marketing 

capabilities and customer experience for commercializing the developed product

(Kazanjian, 1988). 

For these ventures, R&D collaboration with entrepreneurial partners can 

effectively satisfy the internal demand for necessary resources for the following 

reasons: Firstly, entrepreneurial partners possess technological capabilities with a 

sufficient amount of experience in developing and commercializing the product 

(Danneels, 2002). Through the joint-development process of innovative

technologies or products with entrepreneurial partners, ventures can enhance the 

innovative potential of their product with the help of partner firm’s human 
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resource and technological capability (Diestre & Rajagopalan, 2012; Stuart, 2000). 

Especially, accumulated know-how in developing commercial products and 

technical skills of partner firm’s technical staffs can help early ventures reduce the 

number of trials and errors and enhance the quality of the early version of the

product (Usman & Vanhaverbeke, 2017). In addition, R&D collaboration with 

entrepreneurial partners allows access to diverse complementary resources 

required for the commercialization of the product. Prior studies suggest through 

collaboration with entrepreneurial partners, ventures may have opportunities to 

acquire resources to enhance sales and marketing capabilities (Gulati & Higgins, 

2003; McGee et al., 1995), opportunities to enter new market (Mitchell & Singh, 

1992), and to enhance their social reputation (Stuart, 2000). Especially 

manufacturing resources and production capabilities are uniquely accessible from 

entrepreneurial partners which are extremely difficult for early-stage ventures to 

develop internally in a timely manner (Katila et al., 2008). 

In contrast, research-oriented partners are relatively difficult to satisfy the 

resource demands at the early-stage ventures. Although research-oriented partners 

such as universities and research institutes can provide ventures to a wide variety 

of scientific knowledge and research capabilities, prior studies such as Tsai (2009) 

underscored the importance of well-established absorptive capacity in achieving 

successful collaboration with research-oriented partners (W. M. Cohen & 
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Levinthal, 1990; Hadjimanolis, 2006). For early-stage ventures which in general 

possess weak technological capabilities, scientific knowledge is difficult to absorb 

and utilize, and as such, may reduce the benefit of collaboration from a

technological perspective (Cohen & Levinthal, 1990). Furthermore, since 

research-oriented partners possess less commercialization experience and 

customer knowledge compared to entrepreneurial partners, it is difficult for 

ventures to acquire market knowledge and leverage marketing experience.

Comparing the fitness between resource needs of ventures and resource 

attributes of entrepreneurial partners and research-oriented partners, this study 

posits R&D collaboration with entrepreneurial partners will generate a more 

positive impact on the innovation performance of early-stage ventures compared 

to research-oriented partners. Thus, this study proposes the following hypothesis:

Hypothesis 1. For early-stage ventures, R&D collaboration with entrepreneurial 

partners will more positively affect innovation performance than collaborating 

with research-oriented partners
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3.2 R&D partner selection of growth-stage ventures

After successfully finding product-market fit, growth-stage ventures often 

experience rapid growth in market sales and firm size (Wong & Ellis, 2007), and

those factors, in turn, engender the emergence of a new set of problems and tasks 

for technology ventures. As the number of customers increases and the market 

expands, it becomes important to produce and distribute products in volume while 

attaining the competent level of efficiency so as not to damage the profitability

(Anderson & Zeithaml, 1984). Moreover, as new competitors enter the market due 

to market expansion, ventures need to consider differentiating their existing

products from rival substitutes (Thietart & Vivas, 1984). To accomplish these 

tasks, ventures commonly needs considerable amount of technological and 

managerial resources (Carnes, Chirico, Hitt, Huh, & Pisano, 2017), and therefore, 

organizational capabilities to access, mobilize, and absorb external resources 

become critical for the success of growth-stage ventures (Agarwal, Sarkar, & 

Echambadi, 2002; Rothaermel & Deeds, 2004). 

As such, R&D collaboration with diverse types of entrepreneurial partners will 

positively affect the innovation performance of growth-stage ventures. As the 

technological complexity of product and process increases, growth-stage ventures

encounter burgeoning technical problems both in R&D and operational processes
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(Enis, La Garce, & Prell, 1977). Thus, accessing and acquiring diverse types of 

knowledge from entrepreneurial partners such as supplier firms, competing firms, 

or firms in the other industries will be beneficial to overcome these barriers of 

innovation (de Leeuw, Lokshin, & Duysters, 2014). Through collaborating with 

suppliers, supplier firms can acquire firm-specific knowledge and requirements, 

and enhance understanding of the internal processes and interdependencies 

between them (Ettlie & Reza, 1992). Based on a deeper understanding of the 

innovation system of venture, suppliers can recommend new technical inputs or 

novel ideas that can enhance the efficiency of manufacturing or operational 

process (Ettlie & Reza, 1992; Un & Asakawa, 2015). Through collaborating with 

competing firms, ventures can also exchange complementary knowledge and 

share risks of the innovation process as they share contextual knowledge and faces 

similar technological problems and constraints (Belderbos et al., 2004; Tsai, Su, & 

Chen, 2011). Moreover, R&D collaboration with firms in different industries offer

opportunities to acquire different streams of technological knowledge that can be 

applicable to the innovation process of ventures (Rothaermel & Deeds, 2004).

These collaborative linkages with entrepreneurial partners will enhance 

organizational knowledge base and contribute to alleviate the internal resource 

constraints of growth-stage ventures to achieve innovation (Carnes et al., 2017; 

King, Covin, & Hegarty, 2003). 
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This study also expects the positive influence of collaborating with research-

oriented partners on the innovation performance of growth-stage ventures. 

Through accumulated experience and capabilities in product research and 

development, growth-stage ventures often possess enhanced absorptive capacity 

and technological capability in their core technological field (Carnes et al., 2017). 

Thus, unlike ventures at the early stage of growth, they are better equipped to 

learn, absorb, and utilize scientific knowledge and research capabilities of 

research-oriented partners for their innovation process (Hadjimanolis, 2006; C. 

Kim & Song, 2007). Moreover, ventures can utilize the research infrastructure of 

research-oriented partners to experiment with new technologies or to refine 

existing technologies. Especially for ventures facing technological barriers in 

refining existing products, the recombination of scientific knowledge with 

technological knowledge act as a map for technological search and may open new 

technological opportunities for a superior quality product (Fleming & Sorenson, 

2004; Rosenberg, 2010).   

Considering the importance of garnering diverse external knowledge and 

resource for the growth-stage ventures, this study posits that R&D collaboration 

with both entrepreneurial partners and research-oriented partners will positively 

affect the innovation performance of ventures. Thus, this study proposes the 

following hypothesis:



30

Hypothesis 2. For growth-stage ventures, R&D collaboration with both 

entrepreneurial partners and research-oriented partners will positively affect 

innovation performance

3.3 R&D partner selection of stability-stage ventures

At the stability stage, the growth rate of ventures will taper off and reaches the 

growth rate of the market at the end (Wang et al., 2015). As such, the intensity of 

competition rapidly rises and the primary goal of the stability-stage venture 

becomes attaining the effective market position in the industry by differentiating 

their products and searching for unfilled market niches to maintain growth 

momentum (Kazanjian, 1988; Porter, 1980). Typically, ventures at this stage focus 

on the introduction of a second-generation product and try to achieve product and 

process innovation through the adoption or development of disruptive or radical 

technologies (Kazanjian, 1988; Fisher et al., 2016). 

Under such conditions, R&D collaboration with entrepreneurial partners may not 

contribute effectively to the innovation process of stability-stage ventures. To 

create disruptive and radical innovation for differentiation of product features, 
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technological research and novel recombination of different streams of knowledge 

are critical (Ahuja & Morris Lampert, 2001; Nieto & Santamaría, 2007). However, 

since entrepreneurial partners are more likely to focus on technological 

knowledge, it is relatively difficult to expect new, creative recombination of 

heterogeneous knowledge. Moreover, entrepreneurial partners may not be fully 

motivated to create radical, new technological outcome that may incur a huge risk 

of failure (Ahuja & Morris Lampert, 2001; Henderson, 1993). While the creation 

of novel, radical technologies requires concentrated effort in technological search 

activities, entrepreneurial partners are difficult to dedicate to those activities 

except for the rarely happening cases when the goal of the venture is consistent 

with that of entrepreneurial partners. Thus, R&D collaboration with 

entrepreneurial partners will be difficult to attain the innovative goal of 

technology ventures.

In contrast, R&D collaboration with research-oriented partners can contribute

effectively to the innovation process and performance of ventures. Research-

oriented partners such as universities and research institutes possess a wide 

variety of scientific, research-related knowledge that can be applied for 

overcoming technological barriers (Fleming & Sorenson 2004; Un & Asakawa, 

2015). Also, research-oriented partners possess dedicated researchers and well-

established research infrastructure that can support technological research to 
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create novel, radically new technologies (Baba, Shichijo, & Sedita, 2009; 

Belderbos et al., 2004; Lassen & Laugen, 2017). Considering these attributes of 

research-oriented partners, many existing studies suggest that collaborating with 

university or research institute is an instrumental source of new, disruptive, radical 

innovation (Baba et al., 2009; Lassen & Laugen, 2017; Roy et al., 2016). For 

instance, Baba, Schichijo, and Sedita (2009) contends that the combination of 

industrial knowledge and scientific knowledge is a critical precondition in 

creating radical, new innovation. Lassen and Laugen (2016) also empirically 

found a positive impact of R&D collaboration with research-oriented partners on 

the degree of newness of the R&D project outcome. To this end, this study posits 

that R&D collaboration with research-oriented partners will more positively affect 

the innovation performance of ventures at the stability stage compared to 

entrepreneurial partners. Thus, this study proposes the following hypothesis:

Hypothesis 3. For stability-stage ventures, R&D collaboration with research-

oriented partners will more positively affect innovation performance than

collaborating with entrepreneurial partners 
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Chapter 4. Data and methodology

4.1 Data and sample

To examine the proposed hypotheses, this study employs the ‘Survey of Korea 

Venture Firms’ data conducted by the Ministry of SMEs and Startups (MSS). This 

survey is conducted once a year after its first implementation in 1999 and the 

sample can be perceived as representative of the population of Korean ventures 

since stratified random sampling was conducted based upon firm size and industry 

among ventures that are certified as technology ventures by the Korean 

government. The data includes a broad range of firm-specific information such as

managerial information, organizational status, founder information, technological 

information, and some questionnaire responses. 
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‘Venture’ in Korea is defined as a firm who obtains a specific type of 

certification that are defined by law (‘Special Law for the Support of Venture 

Firms’) and registered in the ‘venture certification system’ of Korea. To be 

certified as a venture, a firm should satisfy at least one of the following three 

criteria: First, firms should receive investment funds from venture capitals or 

investment institutes and the total amount of investment should take more than 10% 

of firm capital. Second, among firms that have run their business between three to 

five years, firms should have their own R&D department or specialized 

organization that conducts internal R&D. Third, firms should obtain financial 

guarantee or loans through the technology evaluation process from relevant 

organizations. Therefore, the sample encompasses not only the venture capital-

financed firms that are commonly perceived as ‘venture’ in many countries such 

as in the U.S. and European countries but also technology-driven firms who 

possess competence in R&D.

This study utilizes the ‘Survey of Korea Venture Firms’ data that are conducted 

in 2014, 2015, 2016 and 2017. Using four consecutive data enables a more 

accurate examination of the impact of R&D collaboration on innovation 

performance over an appropriate period of time (2 years) (Belderbos et al., 2004; 

Lee et al., 2001). This study employs a 2-year lagged dependent variable model 

by measuring independent variables (i.e. the experience of R&D collaboration 
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with either research-oriented partners and entrepreneurial partners) and the life

cycle stage in 2014 and 2015 (time t) and measuring dependent variable 

(innovation performance) in 2016 and 2017 (time t+1). To construct a 2-year data 

set, 2098 ventures included in the 2014 survey and 2049 ventures included in the 

2016 survey are matched, and 2227 ventures included in the 2015 survey are 

matched with 2,114 ventures in the 2017 survey. Since the data did not disclose

the name of companies, this study constructed unique id number for each firm 

based on firm-specific information such as founder information (e.g. founder’s 

age, gender, major, prior founding experience, the number of team member at the 

time of founding, etc.), location of firm, industry, and founding year (Belderbos et 

al., 2004). Then, 319 ventures were matched between firms included in the 2014 

survey and 2016 survey, and 352 ventures were matched between firms included 

in the 2015 survey and 2017 survey. After excluding ventures with missing data 

on critical financial information such as the total amount of R&D expenditure or 

the total amount of governmental R&D subsidy, the final sample consists of 481 

ventures. 

4.2 Measurement

This study adopted most constructs from extant studies and modified some 
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variables in order to reflect the specific context of the study.

4.2.1 Dependent variable

Existing studies have suggested several ways to measure innovation performance. 

Among them, the most widely used indicator of innovation performance is 

counting the number of patents (Coombs, 1996; Duysters & Hagedoorn, 2000). 

Although patent data has several innate limitations in fully capturing innovation 

performance such as difficulties in capturing the tacit dimension of innovation, 

many prior studies perceived patent application as an indicator of new knowledge 

creation. Especially for new, small ventures with few legitimacy, the patent is an

influential indicator for the superiority of product and technology for customers 

and the possession of patent is beneficial for sourcing financial resources from 

investor (De Rassenfosse, 2012; Holgersson, 2013; Hsu & Ziedonis, 2008). Thus, 

following prior studies, this study also perceives patent as an indicator of the 

innovation performance of ventures.

However, considering that the present study focuses on technology ventures that 

are exposed to the high pressure of sales growth, relying solely upon the 

technological performance measure is not a desirable approach. Moreover, the 

enhancement of technological performance is not the sole purpose of inviting 
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external partners to their innovation process (Lee et al., 2001). As such, this study 

concerns trademark and design patent as additional indicators of the innovation 

performance of ventures. Registration of a trademark is the consequence of 

establishing meaningful designation of a product or a service and it also represents 

the firm’s identities (Mendonça, Pereira, & Godinho, 2004). Registration of

trademark implies the quality of products to buyers and sellers and thereby, takes 

an instrumental role in marketing, especially for differentiating products from 

other rival’s substitutes, by constructing brand recognition (Mendonça et al., 2004; 

Semadeni, 2006). Considering its strategic importance in commercial success, 

many prior studies conceived the trademark as an indicator of innovation 

performance (Aaker, 2007; Amara, Landry, & Traoré, 2008; Keller & Lehmann, 

2006). Similarly, design patent is also additional means to appropriate the rents 

from innovation. The study of Amara, Landry, and Traoré (2008) shows that 

trademarks and design patents are used together with patents to protect intellectual 

property in knowledge-intensive industries. 

To this end, this study measures the number of intellectual properties which 

includes patents (including utility patents), trademarks, and design patents as an 

indicator of the innovation performance of ventures. To closely measure the 

innovation performance, this study counted the number of intellectual properties 

that are granted and applied, i.e. those that are under examination, at time t+1.
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4.2.2 Independent variables

Independent variables are constructed based on the self-report of the respondent 

firm. Firms included in the survey of 2014 and 2015 are asked to reply whether 

they have experienced collaboration with several partners, respectively, for the 

purpose of (1) joint research and development project, or (2) co-development of a

new product. 

Following prior studies, this study constructs dummy variables to indicate the 

experiences of R&D collaboration with each partner type (e.g. Nieto & 

Santamaría, 2007; Un, Cuervo Cazurra, & Asakawa, 2010). Dummy variable for ‐

research-oriented partners (ROP) takes 1 if respondent firm indicates that they 

have experienced R&D collaboration with at least one partner among university, 

public and private research institute, and otherwise, takes 0. And dummy variable 

for entrepreneurial partners (EP) takes 1 if respondent firm indicates that they 

have experienced R&D collaboration with at least one partner among large firm, 

SME, venture, and foreign firm, and otherwise, takes 0. 

The growth stage of ventures is also distinguished based on the self-report of the 

respondent. Respondents are asked to choose one of five different growth phases 

that best describes the state of their business (See Table 1).
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Table 1 Five different growth phases and short description on each phase

This study conceives the ‘start-up’ phase and the ‘early growth’ phase as 

conception and commercialization stage in the model of Kazanjian’s (1988). 

Similarly, respondent firms in the ‘rapid growth’ phase are considered as in the 

growth stage and those who are in the ‘mature’ phase as the stability stage in in 

the model of Kazanjian’s (1988). Among 481 ventures, 151 ventures replied that 

they are in the conception and commercialization stage at time t, while 217 

ventures and 113 ventures replied that they are in the growth and the stability 

stage, respectively.

Five different phases and short description

Name of phase Description on each phase

Start-up Firms are in their early process of product development.

Early growth Firms succeed to introduce new developed product into the market.

Rapid growth
Firms increase the diversity of product and market and their sales 
increase very rapidly.

Mature
The sales of product becomes stagnant and the market become saturated 
due to increased level of competition.

Decline
Firms are considering the exit from the market due to shrinkage of 
market.
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4.2.3 Control variables

This study adds several control variables that may unintendedly intervene in 

examining the relationship between explanatory variables and the dependent 

variables of the study. First is the firm age. Firm age (Age) is calculated by 

subtracting the founding year of the company from 2014 and 2015 (t). Second, 

firm size (Size) is controlled, which is measured by the total number of employees 

in 2014 and 2015 (t). Third, total assets (Asset) and the sales volume (Sales) in 

2014 and 2015 (t) are added as control variables to reflect the potential positive 

influence of the amount of financial resource on the innovation performance.

Fourth, this study also includes the total amount of government subsidy (Gov) as 

an additional control. Especially for the early stage of ventures, government 

support such as government loans and guarantee may facilitate R&D activities 

and as such, may positively affect the innovation performance of ventures. Fifth, 

R&D intensity (RDI) at time t is also controlled since the differences in R&D 

intensity may also affect the innovative outcome. This study calculates R&D 

intensity by dividing total investment in R&D by the total amount of financial 

investment both in time t. Sixth, the percentage share of master’s and doctoral 

degree holders (High_Edu) at time t is also controlled. Seventh, domestic market 

share (Mshare) in 2014 and 2015 (t) is controlled. Lastly, to control for sectoral 
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differences, six indicator variables are included (Sec1, Sec2, Sec3, Sec4, Sec5, 

and Sec6).

4.3 Empirical methods

As a statistical method, this study employs negative binomial regression model 

to examine the proposed research hypotheses. Since the number of intellectual 

properties is a countable variable, both Poisson regression model and negative 

binomial regression model can be considered. However, our sample shows over-

dispersion, i.e. the variance of the dependent variable is much larger than the 

mean, which significantly deteriorates the suitability of Poisson regression model. 

Instead, this study uses negative binomial regression which loosens the restrictive 

assumption of Poisson distribution by inserting the over-dispersion parameter. The 

mathematical equation of negative binomial regression is described in Eq (1).

Before conducting the regression analysis, this study conducts the one-way 

analysis of variance (ANOVA) analysis. ANOVA test is used here to test whether 

there exist statistically meaningful differences in firm’s attributes according to the 

life cycle stage of ventures.
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��	(1)		Innovation	performance = exp	(α + ����� + ������� + �������� +

�������� + ������ + ������ + ��High��� + ����ℎ���� + δ���� + ���� +

����� + ��)

Chapter 5. Result

5.1 Descriptive statistics and the result of ANOVA test

The descriptive statistics of major variables are represented in Table 2. As 

expected, variables such as firm age (Age), the number of employees (Size), total 

asset (Asset), and sales volume (Sales), market share (Mshare) at time t take the 
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lowest value for the early-stage ventures and take the highest value for the 

stability-stage ventures. However, some other variables do not follow this pattern. 

The amount of government subsidiary (Gov) is highest for the venture at the 

growth stage and lowest for the early-stage ventures. The percentage share of 

master’s and doctoral degree holders (High_Edu) is lowest for the stability-stage 

ventures and highest for the early-stage ventures. The mean value of R&D 

intensity (RDI) is similar in all three stages.

For one-way ANOVA test, this study considered six organizational variables –

firm size, firm age, asset, equity, sales, and the number of patent (patent stock) –

measured at time t (2014 and 2015) to examine whether there exist statistically 

meaningful differences in firm characteristics according to the venture life cycle 

stage. As described in Table 3, it turns out that firm attributes are significantly 

differed by the life cycle stage of ventures. There exist statistically significant 
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Table 2. Descriptive statistics

Variable
Whole Sample (N=481) Early stage(N=151) Growth stage (N=217) Stability stage (N=113)

Mean S.D Mean S.D Mean S.D Mean S.D

Age 11.05 6.77 5.68 2.51 11.19 5.14 17.96 7.08

Size 37.65 70.25 13.59 16.04 35.91 41.59 73.16 124.14

Asset 7790.8 13328.45 1936.66 3676.72 7682.12 11697.82 15822.28 19184.13

Sales 8601.74 14833.23 2467.13 3307.01 8613.49 12791.07 16776.77 22239.92

Gov 129.24 504.11 57.61 144.56 165.65 684.01 155.06 385.55

RDI 0.68 0.42 0.71 0.42 0.66 0.43 0.69 0.41

High_Edu 11.15 16.53 14.07 21.04 10.75 14.35 8.02 12.61

Mshare 16.36 21.36 12.29 20.29 15.97 20.88 22.57 22.41
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Table 3 Results of ANOVA test

Stage

Firm age Firm size Asset Equity Sales Patent stock

Mean N Mean N Mean N Mean N Mean N Mean N

Early 5.67 151 13.58 151 1936 151 576 151 2467 151 2.72 151

Growth 11.19 217 35.90 217 7682 217 3119 217 8613 217 6.62 217

Stability 17.96 113 73.15 113 15822 113 6739 113 16776 113 9.66 113

Total 11.05 481 37.65 481 7790 481 3171 481 8601 481 6.11 481

F= 
190.46

Sig = 
0.000

F= 
25.77

Sig = 
0.000

F= 
40.92

Sig = 
0.000

F= 
31.54

Sig = 
0.000

F=34.24
Sig =
0.000

F=11.73
Sig = 
0.000
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differences in the variance of all six variables according to the life cycle stage. As 

expected, all six variables take the lowest value in the early stage of the life cycle 

and take the highest value in the stability stage. These results support the 

underlying assumption of this study that ventures at a different stage of growth are 

significantly different from each other in terms of organizational context which 

generates unique internal demand for certain resources and capabilities that 

manifest differently at each stage of venture growth. 

5.2 Pearson’s correlation analysis and variance inflation factor 

(VIF) test

Before conducting the regression analysis, this study first conducted Pearson’s 

correlation analysis. The results of Pearson’s correlation analysis for variables at 

each stage of growth are described in Table 4, 5, and 6. As some variables show

high correlations, this study additionally conducted a variance inflation factor 

(VIF) test for variables at each stage of growth. The results of VIF test are

described in Table 7, 8, and 9. Since the mean and maximum value of VIF is far 

less than the recommended ceiling of 10 (P. Cohen, West, & Aiken, 2014), it is 

statistically confirmed that the models are free from the threat of multi-

collinearity problems.
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Table 4 Simple correlation matrix for ventures at the early stage (conception and commercialization)
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Table 5 Simple correlation matrix for ventures at the growth stage
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Table 6 Simple correlation matrix for ventures at the stability stage
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Table 7 VIF test result for early-stage ventures

Table 8 VIF test result for growth-stage ventures
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Table 9 VIF test results for stability-stage ventures

5.3 Negative binomial regression model 

This study conducted four negative binomial regression analyses. Firstly, the 

negative binomial regression analysis for the whole sample (N=481) is conducted 

to compare the results with the following regression analyses which consider the 

life cycle stage of ventures. Then, the negative binomial regression analyses

predicting the innovation performance of ventures at the early stage (N=151), the 

growth stage (N=217), the stability stage (N=113) are conducted respectively in 

order. By comparing the results of each regression analysis, this study will reveal 

the importance of considering the growth stage of ventures as a critical 
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contingency factor and will derive the most beneficial R&D partner type for the 

innovation performance of ventures. 

5.3.1 Negative binomial regression results for whole sample

Table 10 describes the regression results for 481 ventures. Model 1 is a baseline 

model that only includes control variables. Model 2 and Model 3 include dummy

variables for research-oriented partners and entrepreneurial partners, respectively. 

Model 4 is a complete model with all relevant variables. In the baseline model, 

Model 1, firm age (Age), sales volume (Sales), and R&D intensity(RDI) are 

positively associated with the innovation performance of ventures at time t+1 with 

meaningful statistical significance. In Model 2, R&D collaboration with research-

oriented partners (ROP) shows a positive and significant impact (beta=0.307, 

p<0.05) on the innovation performance of ventures. In Model 3, R&D 

collaboration with entrepreneurial partners (EP) also shows positive and 

significant impact (beta=0.431, p<0.05) on the innovation performance of 

ventures. The results are also confirmed in the complete model, Model 4, as both 

of the indicator variables for research-oriented partners (ROP) (beta=0.255, 

p<0.05) and entrepreneurial partners (EP) (beta=0.354, p<0.1) are positively 

associated with the innovation 
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Table 10 Negative binomial regression results with whole sample (N=481)

Sectoral dummies are included in the estimates but excluded in the table

* p < .10, ** p < .05, *** p < .01
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performance of ventures at time t+1. Thus, if we neglect the life cycle stage of 

ventures, the results indicate that R&D collaboration with both research-oriented 

partners and entrepreneurial partners are desirable for the innovation performance 

of ventures. 

5.3.2 Negative binomial regression results for early-stage ventures

Table 11 describes the regression results for 151 early-stage ventures. Similar to 

the previous setting, Model 1 is a baseline model, Model 2 and Model 3 include

indicator variables for research-oriented partners and entrepreneurial partners, 

respectively. Model 4 is a complete model with all relevant variables. In Model 1, 

the baseline model, firm age (Age) is the only variable that is positively related to 

innovation performance. In Model 2, R&D collaboration with research-oriented 

partners (ROP) shows an insignificant impact on the innovation performance of 

ventures. In contrast, in Model 3, R&D collaboration with entrepreneurial partners 

(EP) are positively associated with the innovation performance of early-stage

ventures (beta = 0.659, p < 0.1). This is also confirmed in Model 4 by showing a 

positive and significant impact of collaborating with entrepreneurial partners on 

the 
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Table 11 Negative binomial regression results for early-stage ventures (N=151)

Sectoral dummies are included in the estimates but excluded in the table

* p < .10, ** p < .05, *** p < .01
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innovation performance of ventures (beta = 0.654, p < 0.1), while research-

oriented partners generate the immaterial impact on the innovation performance of 

early-stage ventures. Thus, hypothesis 1 is supported. 

5.3.3 Negative binomial regression results for growth-stage ventures

Table 12 describes the regression results for 217 ventures at the growth stage of 

the life cycle. Same with the previous setting, Model 1 is a baseline model, and 

Model 2 and 3 include dummy variables, and Model 4 includes all relevant 

variables. In Model 1, the baseline model, all control variables are insignificantly 

related to innovation performance. In Model 2, R&D collaboration with research-

oriented partners shows a positive and significant impact (beta = 0.338, p<0.05) 

on the innovation performance of ventures. In Model 3, R&D collaboration with 

entrepreneurial partners shows a positive and significant impact (beta = 0.661, 

p<0.05) on the innovation performance of ventures. In the complete model, Model 

4, R&D collaboration with both entrepreneurial partners (beta = 0.580, p<0.05) 

and research-oriented partners (beta = 0.264, p<0.1) are turned out to be positive 

and significantly affect the innovation performance of ventures. This implies that 

for the growth-stage ventures, both entrepreneurial partners (EP) and research-

oriented 
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Table 12 Negative binomial regression results for growth-stage ventures (N=217)

Sectoral dummies are included in the estimates but excluded in the table

* p < .10, ** p < .05, *** p < .01
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partners (ROP) are beneficial type of R&D partners. Thus, hypothesis 2 is also 

supported.

5.3.4 Negative binomial regression model for stability-stage ventures

Lastly, Table 13 describes the regression results for 113 ventures at the stability 

stage of the life cycle. Same with the previous setting, Model 1 is a baseline 

model, and Model 2 and Model 3 include indicator variables, and Model 4 

includes all relevant variables. In contrast to the previous results, in Model 1, the 

sales volume (Sales), R&D intensity (RDI), the percentage share of master’s and 

doctoral degree holders (High_Edu), and domestic market share (Mshare) show 

positive and significant impact on innovation performance. In Model 2, R&D 

collaboration with research-oriented partners shows a positive and significant 

impact (beta = 0.487, p<0.1) on innovation performance. In Model 3, the beta 

coefficient of R&D collaboration with entrepreneurial partners (EP) are positive 

but statistically insignificant. The same tendency is also confirmed in the 

complete model, Model 4. This implies that for ventures at the stability stage, 

research-oriented partners (ROP) are more effective types of partner than

entrepreneurial partners for the innovation performance. Thus, hypothesis 3 is also 

supported.
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Table 13 Negative binomial regression results for ventures at the stability stage

Sectoral dummies are included in the estimates but excluded in the table

* p < .10, ** p < .05, *** p < .01

Table 13 Negative binomial regression results for stability-stage ventures (N=113)
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Figure 1 Summary of the results

* Dotted line implies the impact is statistically insignificant

** Bold line implies the impact is statistically significant
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Chapter 6. Discussion and conclusion

6.1 Discussions

Technology venture becomes an instrumental source of innovation and new 

wealth creation in modern economies. Recognizing the importance of innovation 

and constraints in resources and capabilities, innovative ventures are increasingly 

utilizing external collaborative networks to acquire and mobilize the necessary 

resources and capabilities for their innovation process. Despite the high relevance

of open innovation and external R&D collaboration for ventures, few studies have 

examined the differential impact of diverse collaborative partners on the 

innovation performance of ventures with relatively little concern on the growth 

stage of ventures as a critical contingency factor. To this end, this study takes the 

contingency approach to reveal the appropriate type of R&D partners for 

innovation of ventures across the life cycle. 

The empirical results indicate that for early-stage ventures, entrepreneurial 

partners such as large firms or SMEs are beneficial types of R&D partners for 

innovation performance. Since the key performance indicator of early-stage 

ventures is to develop and commercialize their product, collaboration with 

entrepreneurial partners which possess technological competence and 
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accumulated know-how in development and commercialization of products can 

successfully satisfy the need of early-stage ventures and facilitate the innovation 

process of ventures (King, Covin, & Hegarty, 2003; Rothaermel & Deeds, 2004). 

In contrast, R&D collaboration with research-oriented partners such as 

universities or research institutes shows an insignificant impact on innovation 

performance. The result can be explained by the lack of absorptive capacity of

early-stage ventures to sufficiently absorb and utilize scientific knowledge, or the

incongruity between resource needs of early-stage ventures and available resource 

by research-oriented partners, or both.   

For growth-stage ventures, R&D collaborations with both entrepreneurial 

partners and research-oriented partners positively affect innovation performance. 

Since growth-stage ventures commonly encounter resource constraints to handle a 

broad range of tasks, organizational capabilities to garner diverse resources and 

capabilities through collaboration with various external partners become 

instrumental for innovation performance (Agarwal, Sarkar, & Echambadi, 2002;

Rothaermel & Deeds, 2004). The demand for external resources often leads firm 

manger to put more attention on resource acquisition and accumulation than 

resource divestment (Carnes, Chirico, Hitt, Huh, & Pisano, 2017). Thus, ventures 

at the growth stage are desirable to absorb and learn diverse external knowledge 

from both research-oriented and entrepreneurial partners to facilitate innovation 
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and growth. 

For stability-stage ventures, R&D collaborations with research-oriented partners 

show a positive and significant impact on innovation performance. At this stage, 

the market is characterized by a high intensity of competition and firms encounter 

strong pressure to differentiate their product by finding new technological 

opportunities. Under such conditions, the convergence of scientific knowledge 

and technological knowledge can offer new opportunities to develop novel 

inventions that can contribute to the innovation process of ventures (Fleming & 

Sorenson, 2004; C. Lee, Park, & Kang, 2018). In addition, dedicated researchers 

and well-established research infrastructure can support ventures to overcome 

current technological barriers (Belderbos, Carree, & Lokshin, 2004; Lassen & 

Laugen, 2017). It seems that the fitness between the resource needs of stability-

stage ventures and resources possessed by research-oriented partners generates 

synergy in collaboration process which leads to enhanced innovative performance.

6.2 Contributions and implications

This study offers several academic contributions and practical implications. First, 

this study contributes to the open innovation literature. By the nature of newly 
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established firm, venture firms often experience large constraints in necessary 

resources and capabilities to accomplish innovation on their own. As such, they 

have higher desire to collaborate with external partners. However, the dominant 

focus of open innovation literature has been paid to multi-national, large 

enterprises and some for SMEs. Considering these large discrepancies in our 

understanding, this study focuses on technology ventures and suggests a strategic 

framework for effective utilization of R&D collaboration strategy. 

Second, this study contributes to the literature of R&D collaboration by offering 

partial explanation on why existing studies have failed to find consistent findings. 

By incorporating the organizational life cycle stage as a critical contingency factor 

in examining the impact of collaborating with different R&D partners, this study 

shows how the impact of collaborative partners on innovation performance can be 

moderated by the stage in life cycle. The empirical findings reconfirm the idea 

that the effectiveness of external collaboration is not equivalent, rather contingent 

on both internal and external condition (Grigoriou & Rothaermel, 2017). By 

capturing internal resource demands through analyzing life cycle stage of ventures, 

this study advances current understanding of R&D collaboration strategy. 

Third, this study contributes to the literature of organizational life cycle. While 

prior studies in organizational life cycle have underlined the internal effort of firm 
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to overcome several problems and tasks that uniquely emerged at each stage of 

life cycle (Kazanjian & Drazin, 1990; Cai, Chen, Chen, & Bruton, 2017; Fisher et 

al., 2016), relatively little attention has been paid in investigating the role of 

resource acquisition strategy to fulfill resource requirements at each stage of 

growth. By analyzing the beneficial external R&D partner type at each stage in 

life cycle, this study shows how a firm can overcome the set of dominant 

problems and tasks at each stage in life cycle through external resource 

acquisition. 

Lastly, for practical implication, this study underlines CEO or manager of 

ventures to conduct ex-ante analysis on resource requirements before making 

decision on R&D partner type. As predicted, the incongruity between the resource 

requirements of venture at each stage in life cycle and the resource available from

external R&D partners leads to reduced benefit of external R&D collaboration. 

Considering the resource constraints of venture, ineffectiveness of external 

collaboration strategy can be critical to the growth and survival of venture. Thus, 

this study suggests venture to collaborate with external partners that can genuinely 

fulfill the resource needs by considering their growth stage in life cycle.
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6.3 Limitations and future research

It is worth noticing several limitations of the study for future research. First, 

since this study employs survey data from Korean ventures, it should be careful 

about the generalizability and applicability of the findings in other regions or 

nations. For example, Lee (2013) suggests that the national innovation system of 

Korea as successful catching up country has several unique features which 

differentiates Korea and other developing and developed nations (K. Lee, 2013). 

Second, since the stage in organizational life cycle is figured out by the subjective 

estimation of the respondent, the findings of the study are not completely free 

from the threat of bias. I hope future research could address the shortcoming of 

the survey data by using other data sets. Third, since this study constructed 2-year 

lagged dependent variable model, the impact of R&D collaboration was measured 

only after 2-year period. This can be an additional limitation since the genuine

impact of R&D collaboration can be realized differently. Thus, conducting panel 

regression can be a possible solution. However, due to the constraints of the data, 

panel regression was not available in this study. Thus, I expect future research 

could address this limitation by using another dataset. 
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Abstract (Korean)

기술 기반의 벤처기업은 기존 산업에 혁신적 기술을 공급하고 소비자에게

새로운 가치를 제공하며 현대사회의 경제성장을 이끌어가는 주요한 동력이

다. 이러한 벤처기업들에게 혁신의 창출은 핵심적인 기업활동이자 목표이며

때문에 기술적 역량의 개발과 발전은 경쟁우위의 중요한 원천으로 볼 수 있

다. 그러나, 신생 기업의 특성 상 벤처기업들은 종종 필요 자원과 능력의 부

족을 겪게 되며 스스로 혁신을 창출하는 데 많은 어려움을 겪는다. 따라서, 

필요 지식과 자원을 외부로부터 흡수 및 획득하기 위한 전략적 노력은 기술

기반 벤처기업의 성장과 혁신에 핵심적 요소 중 하나이다. 

그에 따라 본 연구는 기술기반 벤처기업의 외부 자원 획득전략으로써 연구

개발(R&D) 제휴협력을 제안한다. 많은 연구자들은 기업의 개방형 혁신과

연구개발 제휴협력을 강조해왔으나, 기술기반 스타트업과 벤처기업의 개방

형 혁신 전략에 관해 논의한 선행 연구는 상대적으로 부족했다. 또한, 연구

개발제휴 협력에서 파트너유형에 따른 영향에 관한 연구 결과는 상당히 일
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관되지 않았으며 제휴협력 시점의 기업 수명주기를 고려하지 못했다는 한계

점을 내포하고 있다. 이러한 실증 연구의 부족과 기존 연구의 한계점들은

학술적 가치를 제한하고 실제 전략의 실행에 어려움을 초래해왔다. 

이러한 한계를 극복하기 위해 본 연구는 벤처기업이 활용할 수 있는 성장

단계 별 최적의 연구개발 제휴협력 파트너를 제시하는 전략적 프레임워크

구축을 목표로 한다. 본 연구는 외부 파트너 유형을 연구 집중형 파트너(대

학, 연구소)와 기업형 파트너(대기업, 중소기업, 외국계기업)로 구분 짓고

각각의 파트너와의 연구개발 제휴협력 경험이 초기 단계, 성장 단계, 안정화

단계의 벤처기업의 혁신 성과에 미치는 영향을 실증적으로 분석한다. 본 연

구는 ‘벤처기업 정밀실태조사’에 포함된 481개 한국 벤처기업을 대상으

로 분석을 실시하였다. 연구 결과에서 초창기 벤처기업의 경우, 기업형 파트

너와의 연구개발 제휴협력이 연구 집중형 파트너보다 더 효과적인 것으로

나타났다. 성장기의 벤처기업의 경우, 기업형 파트너와 연구 집중형 파트너

유형 모두 혁신 성과에 긍정적인 영향을 미치는 것으로 나타났다. 마지막으

로, 안정기의 벤처기업의 경우 대학, 연구소 등의 연구 집중형 파트너와의

협력이 기업형 파트너와의 협력보다 혁신 성과 측면에서 더 효과적인 것으

로 나타났다. 본 연구의 학문적 기여와 함의는 본문에서 다루어질 것이다.

주요어: 기술기반 벤처기업, 연구개발 제휴협력, 연구개발 협력 파트너 선정, 

벤처성장단계, 혁신성과
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