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Abstract

Purpose – Drawing upon insights from knowledge-based theory and the learning perspective, this study

aims to explore safeguarding strategies in open innovation. Geographic diversity and collaborative

breadth can effectively protect proprietary innovations that limit knowledge leakage concerns.

Design/methodology/approach – Using a cross-industry sample from the Taiwanese Technological

Innovation Survey III, which covered 1,519 firms, the authors investigate the conditions under which

partnership portfolios affect radical innovation.

Findings – The findings suggest that the partnership portfolio has an inverted U-shaped influence on

radical innovation and that this relationship is moderated by geographic diversity and collaborative

breadth. This work identifies a balance in the tension between diverse partnership portfolios and

knowledge leakage with regard to open innovation activities.

Practical implications – This study provides senior managers with an indication of the relationships

between partnership portfolios and innovative knowledge protection, identifying the geographic diversity

and collaborative breadth that serve as safeguards to prevent leakages of a firm’s innovative knowledge.

Originality/value – This study makes an original contribution to the empirical exploration of innovation

knowledge protection and provides new insights into the field of open innovation. The authors, thus,

balance the tension between partnership portfolios and knowledge leakage.

Keywords Partnership portfolios, Safeguard mechanism, Geographic diversity, Collaborative breadth,

Radical innovation, Taiwan

Paper type Research paper

Introduction

Firms are increasingly forming partnership portfolios with extramural partners in open innovation

processes (Chesbrough, 2003), which facilitate their innovation capacity (Love et al., 2014;

Hwang et al., 2022) and innovative results (Laursen and Salter, 2006). Partnership portfolios

matter because multilateral ties within a portfolio can connect heterogeneous partners (Sampson,

2007; Bianchi et al., 2016; Magni et al., 2022; Wang et al., 2020) and span distant and unfamiliar

geographic settings (Ardito et al., 2019; Kim, 2016; Lahiri, 2010) for patent-holder- and location-

specific knowledge acquisition. Empirical evidence has shown the positive impact of partnership

portfolios on firms’ innovation and performance (Ardito et al., 2019; Garcia Martinez et al., 2017;

Caputo et al., 2021; Oerlemans et al., 2013). While previous studies have suggested that firms’

engagement in partnership portfolios helps achieve innovation outcomes (Ardito and Petruzzelli,

2017; Hohberger and Wilden, 2022; Wang et al., 2020; Oerlemans et al., 2013), two different but

related multilateral ties regarding knowledge sourcing are variety in partner types (breadth of

collaboration) and variety in the geographic origins of partners (geographic diversity).

First, relying on the open innovation perspective (Chesbrough, 2003; Laursen and Salter,

2006), some firms collaborate with numerous different types of partners to gain extramural
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knowledge, and such firms are expected to exhibit good innovation performance (Leiponen

and Helfat, 2010; Wang et al., 2020). Firms that are connected to multiple partners across

different domains enable they to learn valuable external knowledge (Laursen and Salter,

2006; Magni et al., 2022; Love et al., 2014) and thus drive radical innovation (Zobel et al.,

2016). Connections with multiple partners across different domains enable firms to learn

valuable external knowledge (Laursen and Salter, 2006; Magni et al., 2022; Love et al.,

2014) and thus drive radical innovation (Zobel et al., 2016). Notably, collaborative breadth

can connect firms to different partners (suppliers, universities, R&D institutions, etc.), to help

them generate cutting-edge ideas and novel combinations of knowledge components

(Ardito et al., 2019; Taylor and Greve, 2006; Garcia Martinez et al., 2019).

Geographic diversity, on the other hand, involves extramural knowledge acquisition with a

wide range of external partners scattered across different geographic regions (Katila and

Ahuja, 2002; Laursen, 2012; Lahiri, 2010). A wide geographic search range enables firms to

“search [for], learn [about], and create” value widely and to acquire diverse market

knowledge, which allows them to identify diverse solutions to existing problems (Ardito

et al., 2019; Garcia Martinez et al., 2017; Hohberger and Wilden, 2022). Furthermore,

collaborating with geographically diverse partners enables firms to access different types of

knowledge and technological opportunities, which can increase the probability that these

firms will successfully commercialize innovative products (Ahuja and Katila, 2001; Laursen

and Salter, 2006; Van Beers and Zand, 2014), especially abroad (Patel et al., 2014).

Collaborating with overseas partners enables firms to glimpse global knowledge sourcing

and then identify key institutional and business knowledge elements that best fit their

innovation. However, outside of a recent study by Ardito et al. (2019), how the geographic

diversity of partners’ origins facilitates radical innovation is still poorly understood,

particularly in relation to extramural knowledge sources being widely distributed across a

variety of regions or countries.

Although the above two types of multilateral ties are likely to be a benefit to innovation

outcomes, the fact that the process of collaborating with external partners may produce

core knowledge leakages is usually neglected (Grimpe and Kaiser, 2010; Wadhwa et al.,

2017). Specifically, one prior study emphasized that firms engaging with multilateral

partners may not only leak their proprietary innovative knowledge to external partners

(Wadhwa et al., 2017) but also potentially induce multilateral competition among partners

(Bogers, 2011; Lavie, 2007). Therefore, partnership portfolios may also require building

safeguards to protect their core knowledge and resources.

Consequently, firms’ use of collaboration breadth as a safeguard is expected to protect

their innovation resources to avoid the danger of being controlled or imitated by particular

partners (Anokhin et al., 2011). Thus, collaborative breadth with heterogeneous partner

connections can explain the different levels of relational embeddedness among firms in

terms of their ability to dilute competitor threats to protect the valuable knowledge that they

appropriate. Similarly, the role of geographic diversity may also highlight the importance of

exploring why firms with different levels of geographic diversity in terms of partner origins

have heterogeneous safeguard framing mechanisms to appropriate innovation returns.

Clearly, both geographic diversity and collaborative breadth have received considerable

attention as safeguards to prevent unintended leakages of innovative knowledge to external

rivals and to reduce the likelihood of innovative knowledge spillovers that benefit potential

entrants.

To explore these ideas, we develop a theory to explain how geographic diversity and

collaborative breadth can serve as safeguard mechanisms (Lippman and Rumelt, 1982;

Rumekt, 1984) that help firms protect against leakages of core knowledge when opening

innovation boundaries to acquire extramural knowledge. Thus, the purpose of this study is

to provide a strong theoretical basis for assessing these two safeguard mechanisms and to

examine how they impact the relationship between the portfolio of collaboration with
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external partners and radical innovation. We test our theoretical model with a unique data

set from the Taiwanese Technological Innovation Survey III (TTIS III), which extracted 1,519

available firm-level innovation activities across different industries from 2010 to 2012.

Our results show that there is an inverted U-shaped relationship between partnership

portfolios and radical innovation performance. Our results further suggest that when a firm’s

geographic diversity is highly involved with its knowledge sourcing, it may be possible to

reverse this decline. Specifically, we found that strong collaborative breadth with

knowledge sourcing has a positive effect on the inverted U-shaped relationship between

partnership portfolios and radical innovation performance.

This study is structured as follows. The next section focuses on key theoretical

developments along with the theoretical framework used to develop the research

hypotheses. The following section explains the methodology used to conduct the present

empirical research. The next section analyzes the findings of the empirical results. The final

section presents a discussion and the implications and limitations of this research.

Theoretical development

Partnership portfolios and radical innovation

Multilateral collaborative partners enable firms to identify and implement cutting-edge ideas

and novel knowledge sources for the purpose of developing breakthrough innovations

(Ahuja and Katila, 2001; Chesbrough, 2003; Laursen and Salter, 2006). In line with the

knowledge-based view of the firm (Grant and Baden-Fuller, 2004; Nickerson and Zenger,

2004), firms may exploit a variety of knowledge sources to combine complementary

knowledge and explore the likelihood of breakthrough innovations. The existing innovative

literature offers support for novel recombination functions that can create potential novel

innovations (Fleming, 2001; Leiponen and Helfat, 2010; Teece, 1986). Interdependent

partnership portfolios influence firms’ radical innovation; however, this process may bring

both benefits and challenges.

First, collaboration with major external partners gives firms a chance to probe and access

novel knowledge beyond their boundaries to improve their innovativeness (Ardito et al.,

2019; Abdulkader et al., 2020; Wang et al., 2020) and to use cutting-edge knowledge that

can lead to new product introductions (Brown and Eisenhardt, 1997), such as valuable

extramural knowledge beyond firm boundaries (Chesbrough, 2003) and breakthrough

innovations (Phene et al., 2006). Collaboration with multiple partners increases the variety of

knowledge sources in potentially novel combinations (Ardito et al., 2019; Fleming, 2001;

Scuotto et al., 2017), which are likely to go beyond the limitations of local learning

(Rosenkopf and Nerkar, 2001) and consequently contribute to breakthrough innovations

(Utterback, 1994).

Second, collaboration with multiple partners increases the pool of exploratory research

available to firms and facilitates expansion beyond from current organizational routines and

knowledge bases (Miner et al., 2001). A broader exploratory search for a larger pool of

collaborative partners allows firms to replace their current knowledge bases with new

knowledge bases (Katila and Ahuja, 2002) and refine and create new knowledge bases

(Abernathy and Clark, 1985; Benner and Tushman, 2003). This makes it possible for firms to

benefit from new concepts and fresh ideas and to realize breakthroughs to extend or

defend their core businesses, minimizing the risks from investing in technology; this, in turn,

is likely to affect their ability to innovate (Chesbrough and Crowther, 2006).

However, having too many partnership portfolios could increase the potential constraints on

radical innovation. First, firms’ collaboration with major heterogeneous partners may incur

managerial and transaction costs (Duysters and Lokshin, 2011; Garcia Martinez et al., 2017).

These costs stem from opportunistic behavior such as cheating, shirking, distorting information,
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misleading partners, providing substandard products/services and appropriating partners’

critical knowledge resources (Das and Teng, 1998). Transaction risks may also require an

increase in contractual negotiation costs and the implementation of costly monitoring

mechanisms (Dyer, 1997). Thus, such marginal costs are likely to exceed their contribution to

the value of knowledge creation (McFadyen and Cannella, 2004). Obviously, the costs

associated with coordination and integration may escalate, sometimes quite rapidly (Katila

and Ahuja, 2002; Leiponen and Helfat, 2010), because of the complexity and challenges

involved (Grant, 1996a), thus eroding profit margins. This phenomenon suggests that

partnership portfolios may be subject to diminishing innovation returns.

Second, firms collaborating with different heterogeneous partners may also face the risk of

losing their original innovative knowledge to external collaborators (Hwang et al., 2022).

Specifically, knowledge sources from multiple partners are likely to induce competition

among partners in partnership portfolios, which may lead to the risk of undesirable

knowledge leakage (Lavie, 2007). That is, partnership portfolio negotiations about

unintended knowledge and know-how include the risk of disclosing relevant knowledge to

potential competitors, who may often acquire valuable and critical knowledge at a marginal

cost close to zero. Thus, firms simultaneously collaborating with a wide variety of partners

may not only incur additional costs but also lead to a negative influence on innovation

outcomes. Third, given the limitations of their capacity and managerial attention, as the

knowledge and know-how of different collaborative partners are inherently heterogeneous,

firms may look beyond their knowledge and organizational boundaries for emerging and

new knowledge. Under these circumstances, firms may face conflicts that arise from an

increase in relevant information for problem-solving. Diverse partnership portfolios may

strain a firm’s ability to coordinate among partners and handle emerging conflicts among

collaborators, resulting in less fruitful knowledge combinations for innovation. An excess of

partnership portfolios may reduce a firm’s ability to combine and use different knowledge

integration practices for innovation demands. The above reasoning leads to the following

hypothesis:

H1. There is a curvilinear (inverted U-shaped) relationship between partnership portfolios
and the radical innovation of firms.

Role of geographic diversity

Prior research has shown that the geographic diversity of partner origins notably influences

a firm’s novel innovations (Phene et al., 2006). For example, Frost et al. (2002) and Nelson

(1993) found that the geographic dispersion of partners enables firms to easily access

novel and diverse knowledge and resources dispersed across countries while gaining the

benefits of cross-fertilization. This enables firms to pool their resources in the process of

sourcing external knowledge and developing strategic links with organizations in open

innovation deployment. To the extent that such benefits are anticipated, firms may face the

risk of knowledge leakage to external actors, which might lead to innovation failures. Firms

with geographically diverse partners may also require protective mechanisms to prevent

leakages of their innovative knowledge. Based on this background, we propose that

geographically diverse partners offer valuable and unique external knowledge, thereby

contributing to firms’ innovation, and it may have a contingent effect on the partnership

portfolio–radical innovation relationship.

The extent to which a firm acquires knowledge from multiple partners dispersed across

different regions can be a source of value appropriation (Kim, 2016), which creates a

safeguard mechanism. This safeguard mechanism works by being novel, unique and

heterogeneous, which, in turn, protects innovative knowledge and forms barriers to

imitation. First, a geographically diverse range of knowledge is a source of novelty

(Bahlmann, 2015) that is relatively likely to keep competitors from accessing or using newly

created innovative knowledge (Lippman and Rumelt, 1982). Thus, a higher degree of
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novelty can create mobility barriers that may limit technical knowledge and know-how

leakages, impeding the ability of rivals to imitate the firm (Attewell, 1992). Second, obtaining

unique local-specific knowledge may provide an advantage over competing firms that are

unable to make such acquisitions (Boschma, 2005; Dyer and Singh, 1998). By facilitating

greater acquisitions and control over unique local knowledge, firms can isolate themselves

or establish buffers from insufficient substitutes. In turn, these firms may be able to

appropriate greater returns by preventing scarce resource leakages (Lieberman and

Montgomery, 1988), by obtaining unique knowledge and by creating scarce resources that

are unavailable to competitors.

Third, having collaborative partners with location-specific knowledge from a variety of

geographic areas will make it easier for firms to combine nonredundant knowledge and to

situate it in their innovation (Fabrizio and Thomas, 2012; Kogut and Zander, 1992), thus

preventing imitation by rivals. Therefore, the heterogeneity of geographically dispersed

knowledge sources can create a safeguard mechanism (Kim, 2016), not only making

imitation by competitors difficult but also impeding replication or transfer across

competitors (Maritan and Brush, 2003). Based on the above three mechanisms, through

which firms can lend causal ambiguity and uniqueness to their innovative knowledge

sourcing, firms can enjoy additional benefits by exclusively capturing and appropriating

created value.

Essentially, while geographic diversity may prevent innovative knowledge leakages, it may

also impose significant transaction costs and managerial information-processing demands

(Hitt et al., 1997) that might hamper the integration of externally sourced knowledge with a

firm’s in-house innovation base. Integrating geographically dispersed knowledge into in-

house innovation processes requires firms to understand how various government

regulations, trade laws, forms of cultural diversity and skills must interact with existing

systems. Such an understanding requires transaction information processing related to

coordination and managerial costs across multiple geographic regions (Hitt et al., 1997)

and the creation of coordination and integration mechanisms to handle diverse knowledge

from multiple partners (Grant, 1996a). Thus, higher transaction costs and managerial

information-processing demands arise when dealing with escalating geographic diversity

and integrating diverse knowledge with a firm’s existing technologies, potentially increasing

the failure rates of innovativeness. Accordingly, we propose the following:

H2. The more geographically diverse a firms’ partners are in terms of their origins, the

less positive (and more negative) the impact of partnership portfolios on radical

innovation becomes.

Role of collaborative breadth

Although multiple partners boost the acquisition of knowledge for innovation deployment

(Chesbrough, 2003; Laursen and Salter, 2006), they introduce the need to use safeguards

for core knowledge protection. For firms that use varied multiple partners, the costs of

leakages to directly linked collaborators will be high, especially when they engage in broad

collaboration with a variety of partners. Under these circumstances, firms are likely to adopt

some defense responses to limit their core innovation knowledge losses. These defenses

stem primarily from constructions of lock-in effects, causal ambiguity and path dependence

(Gulati, 1999; Lee, 2007). Such mechanisms can impede the flow of knowledge and enable

firms to prevent potential competitors from accessing their core innovative knowledge.

While collaborative breadth may be a defense mechanism, we posit that it will also enhance

the positive effect of partnership portfolios on radical innovation for three reasons. First,

firms that connect with a variety of partners are likely to access nonredundant and unique

knowledge across distinct knowledge domains (Goerzen and Beamish, 2005; Wuyts and

Dutta, 2014). Collaboration with different partners increases the opportunity to access the
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partner-specific knowledge and ideas of particular partners. Collaboration with particular

partners may form specific, closed-loop and exclusive knowledge that can lead to lock-in

effects (Li et al., 2013). Accordingly, these characteristics make it difficult for core

knowledge to flow freely (Teece, 1986). Thus, a lock-in effect may significantly limit

innovative knowledge leakage in partnership portfolios.

Second, having strong connections to particular external partners in different regions

makes firms more likely to have informed market control power (Kim, 2016), thus exposing

such firms to a range of innovation trajectories and market development paths (Bahlmann,

2015). Such linkages with various partners are intended to tap into the business

opportunities of external markets. These practices make firms capture multilateral market

intelligence and their rivals’ market deployment through a process in which diverse

partners’ connections are spread across various regions. Hence, collaborative breadth is a

key approach through which firms attempt to create tacit and cospecialized knowledge, as

they can impede their rivals’ ability to access specific resources. The effects of collaborative

breadth in firm-specific knowledge resources are subject to time compression diseconomies

(Dierickx and Cool, 1989). The extent of the gains from causal ambiguity (Lippman and

Rumelt, 1982), in terms of explaining innovative knowledge and know-how, can be captured

through tacit and specialized knowledge. Once the collaborative breadth starts to compress

over time, diseconomies may also be more engaging, which is an unambiguous explanation of

how firms engage in co-innovative work. Such causally ambiguous connections might prevent

innovative knowledge from being duplicated and extended (Lippman and Rumelt, 1982) and

contribute to firm innovativeness (Reed and DeFilippi, 1990).

Third, collaboration with multilateral partners requires knowledge sourcing (Chesbrough, 2003;

Powell et al., 1996; von Hippel, 1988), which reflects firms’ knowledge transfer, and exchanges

are rooted in path dependence between multiple parties. Thus, a firm can detect changes

occurring outside the existing technological development of its collaborators through path

dependence, which enables firms to keep pace with significant changes. Firms can thus use

the complex knowledge embeddedness that arises through the path-dependent interactions

among various partners in local markets and complex knowledge routines designed to reduce

imitation by rivals, thus preventing losses of valuable innovative knowledge combinations

(Brusoni et al., 2001). This requires the ability to engage with the knowledge complexity

associated with tacit firm-specific knowledge and the operational routines of partner firms,

which may be regarded as a barrier to knowledge imitation by competitors (Nelson and

Winter, 1982). The complexity, embeddedness and path-dependent interactions of partner

connections are thus likely to cause much of firms’ innovative knowledge to be formulated as

knowledge stickiness. Such defensive mechanisms involve behavioral regularities that result

from cumulative experience and that constitute the building blocks of multiple collaborative

capabilities. We expect that these informal defensive mechanisms are well equipped to bring

benefits from collaborative breadth for protecting cospecialized knowledge that contributes to

novel innovation:

H3. The stronger a firm’s collaborative breadth is, the more positive (and less negative)

the impact of the partnership portfolio on radical innovation.

Data and methods

Research setting and sample

Our study uses data from the TTIS III, which is an official survey on firm-level innovation

activities conducted by the Ministry of Science and Technology (MOST) and the Institute of

Technology, Innovation & Intellectual Property Management at National Chengchi University.

The TTIS III was designed following the guiding principles of the OECD’s Oslo Innovation

Manual (OECD, 2005). The TTIS III was a large-scale government-led survey designed to

collect data on firm-level innovation activities from various industries from 2007 to 2010, as well
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as information from the EU Community Innovation Survey (CIS) on innovation activities. A

major strength of the TTIS III is that its data set is established, and it includes all manufacturing

and service firms across all Taiwanese regions. The original survey questionnaire required

senior managers to answer questions related to firm-level innovation processes and activities.

The pretest and pilot studies confirmed the suitability of the survey across a comprehensive

set of industries, helping determine and assess the effectiveness of the survey. Thus, the TTIS

III is a reliable and valid data set on firm-level innovation activities and is thus suitable for

innovation research (Cassiman and Veugelers, 2006; Laursen and Salter, 2006).

The TTIS III is 11 pages long and includes a page of definitions. The core questionnaire of

the TTIS III covers firm-level innovation activities, including the acquisition of external

knowledge and technologies, process skills, product design, personnel training, market

analysis and innovation output. Using a stratified proportional random sampling procedure,

the TTIS III was sent to 42,000 business units with 10 or more employees in Taiwan in

October 2010. Typical response samples were received from 13,841 firms, representing a

response rate of 32.9% (SRDA, 2013). After eliminating missing values and limiting our

sample to innovating firms in the original TTIS III data set, we extracted useful, available

data from the TTIS III panel. The subsample used in our empirical analysis included 1,519

firms engaged in external collaborative partnerships and innovative activities that provided

information for all the variables used in this study.

We chose Taiwanese firms from TTIS III as our research context for three reasons. First, as

Taiwan is an island country in East Asia, firms operating in the country need to collaborate on

innovation with partners around the world to acquire necessary knowledge and resources

(Hagedoorn, 1993; Wang et al., 2020). Second, Taiwanese firms have collaborated extensively

with global partners, such as suppliers, universities, research institutions and customers, as

well as rivals from advanced countries, to improve their innovation outcomes (Hwang et al.,

2022). Third, the above evidence is based on a variety of data sources that provide a realistic,

rich interfirm collaboration context in which to examine open innovation behavior. In line with

CIS data, the data offer us a direct measure of success in commercializing innovations within a

wide range of industries (Laursen and Salter, 2006). Such real data are intimately connected

with empirical reality and are thus conducive to the development of a testable, relevant and

valid theory (Eisenhardt, 1989).

In addition, in contrast to previous TTIS waves, the TTIS III takes a step forward by including

various partners across different geographic locations in the survey. We developed

specialized software algorithms that assessed each firm’s innovation engagement in co-

innovation activities with a variety of partners from different geographic regions from 2007 to

2010, and a 9� 8 matrix in the original TTIS III questionnaire was also designed to represent

nine different regions (see the variable on the geographic diversity of partner origins) and

eight collaborative partners (see the variable on breadth of collaboration). Accordingly, we

extracted all available information about geographic diversity and collaborative breadth.

The matrix provides a detailed description of the geographic diversity and multilateral ties

present in the data collected and a number of consistency checks. The matrix data are

particularly instrumental because of our interest in studying how firms engage in co-

innovation activities in relation to protective mechanisms depending on the characteristics

of their multilateral collaboration.

Measurement

Radical innovation. The new-to-market products that a firm can produce are used to

measure radical innovation because they indicate the level of a firm’s breakthrough

innovation ability (Laursen and Salter, 2006). Consistent with previous studies (Dahlin and

Behrens, 2005), we defined radical innovations as novel and unique products and services

launched in the market. To reflect the novel context, we measured radical innovation as the
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fraction of a firm’s turnover corresponding to new-to-market product output. Although the

use of a single-item variable may make it less possible to assess measure reliability (Hair

et al., 2006), this approach was adopted because innovation outcome variables are

typically challenging to measure, and there are no universally accepted measures

(Tomlinson, 2010) for the evaluation of radical innovation. The single-item radical innovation

measure used in this study was relatively straightforward and unambiguous. Thus, a single

item was used as an indicator of radical innovation performance, as this item effectively

reflects firms’ ability to generate new-to-market products for successful innovation.

Because the dependent variable of radical innovation is a fraction variable, ordinary least

squares (OLS) regression is not appropriate. Instead, the dependent variable for the radical

innovation measure is the fraction of new-to-market products a firm holds; therefore, by

definition, it ranges between 0 and 100. As Kennedy (2003) suggested, when the range of

values for the dependent variable is limited, OLS estimates are biased, and maximum

likelihood estimation is preferred. To reduce estimation bias, Tobit regression should be

used in such analyses, as it is more appropriate (Greene, 2000). The Tobit regression

estimator constitutes a more direct measure of a firm’s radical innovation output.

Partnership portfolios. Following the TTIS III, we measured the partnership portfolio of the

firms’ collaboration with different types of external parties based on the number of

“important” or “very important” sources of innovation: internal efforts, suppliers, customers,

competitors, universities, consultants, public research organizations, conferences, scientific

and trade publications, professional and industry associations and technological and

service specification documents (0–11). In this case, each of the 11 external collaborative

sources was coded as 1 when the firm in question reported that it used that form of external

collaboration to a high or intermediate degree and 0 in the case of no or low usage. The 11

linkages were subsequently summed so that each firm would receive a score of 0 if no

external collaborative sources were used to a high degree and receive a score of 11 if all

external collaborative sources were used to a high degree. Thus, it was assumed that firms

with more external collaboration partners had greater “portfolios” with respect to broad

sourcing than firms that did not. To test the curvilinear relationship hypothesized in H1, we

used the squared term of the portfolio of partnership.

Geographic diversity of partner origins. We used the geographic diversity of partner origins

to capture geographic dispersion, which refers to the distribution of a firm’s external

collaborative partners across different countries. Focusing on the geographic diversity of a

firm allowed us to identify its actual acquisition of unique knowledge or experimentation with

new competencies, as these events actually occurred across multiple regions and countries.

Hence, to a great extent, our measure of firm geographic diversity captured the geographic

scope of a firm in terms of its collaboration partners’ origins, and it was thus consistent with the

level at which we measured the knowledge leakages facing the managers of the firm. In the

TTIS III, geographic diversity was measured using nine different nations or continents:

1. Taiwan;

2. Mainland China;

3. The USA;

4. Japan;

5. South Korea;

6. India;

7. Europe;

8. Other; and

9. Not applicable.
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Accordingly, we identified each firm’s external sources of innovative knowledge in a variety

of geographic locations to determine the degree to which the firms were concentrated in

one or a few regions. We included the geographic diversity of each firm’s partners and

calculated a Herfindahl index (Berry, 2015; Cannella et al., 2008) that denoted the extent to

which a firm’s firm collaborative partners were dispersed around the world:

Geographic diversity ¼ 1�
Xn

j¼1

sjð Þ2

where (sj) is the proportion of the focal firm’s collaborative partners that were dispersed

across different overseas countries j between 2007 and 2010. Higher scores indicate

greater geographic diversity in terms of partner origins, which provides access to overseas

knowledge sources.

Breadth of collaboration. To measure the collaborative breadth a firm has, we defined a

measure related to the number of types of external collaborative partners with which each

firm was connected. Firms search for novel knowledge by engaging and collaborating with

different types of partners (Powell et al., 1996), which constitutes a measure of collaborative

breadth in the context of firms’ search for innovation resources. Our sample firms had a

wide range of partnership types:

� subsidiary companies owned by the same parent company;

� equipment, material or software suppliers;

� customers or consumers;

� competitors;

� consultants, private labs or R&D institutions;

� cross-industry labs or R&D institutions;

� universities or other colleges; and

� governmental or nonprofit R&D institutions.

Accordingly, the Herfindahl index was used to capture the breadth of collaboration by

estimating the extent to which a firm’s collaborative partnerships had included a variety of

category types over the past three years:

Breadth of collaboration ¼ 1�
Xn

i¼1

pið Þ2

where (pi) is the proportion of the firms’ collaborative partnerships in category i from 2007 to

2010. Higher scores indicate a greater number of diverse partner ties.

Control variables

We controlled for several firm-level characteristics that could be related to firms’ open

innovation activities, as well as the likelihood of their impact on innovation outcomes. We

controlled for industry type because different industries may have different approaches to

innovation. The industry type variable was dichotomous and took the value of 1 if the firm

was a manufacturing firm and 0 if the firm was a service firm. We controlled for firm size by

using the natural logarithm of the number of employees. Larger firms tend to have greater

financial resources and the capacity to engage in R&D efforts; thus, they may exhibit more

innovative outcomes. In addition, we controlled for R&D intensity, which was measured as

the firm’s R&D expenditure divided by its sales, to control for the effect of R&D on innovation
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performance (Laursen and Salter, 2006). Revenues reflect the firm’s sales volume from

product sales, as the degree to which a firm’s product shares are accepted by the market

or by customers can affect innovation performance. To capture this possibility, we used

annual sales revenue as a proxy of each firm’s prior performance, and this variable was

measured as the log of the annual sales revenue of each firm as captured by the TTIS III.

Griliches (1995) suggested that governmental support for R&D and innovation can have

positive effects on the innovation activities of firms. Thus, we also controlled for government-

supported innovation activities. The government-sponsored R&D variable took the value of

1 if the R&D and innovation activities of the firm were partly supported by government

subsidies (Griliches, 1995). In addition, a firm that possesses abundant prior product

innovation experience can quickly develop the necessary skills and resources to conduct

innovation development, which can influence its innovation performance. We thus use prior

product innovation experiences to control for the influence of each firm’s previous product

innovation experience (Eisenhardt and Tabrizi, 1995). We include a dummy for prior

product innovation experience that equals 1 if the firm engaged in product innovation

activities from 2010 to 2012 and 0 otherwise.

Results

Table 1 lists the descriptive statistics and correlations of all the variables of interest. The

mean of partnership portfolio is 4.08, with a standard deviation of 2.06. The mean value of

geographic diversity is 0.49. The mean value of collaborative breadth is 0.63. Partnership

portfolio is positively and significantly correlated with radical innovation performance, but

both geographic diversity and collaborative breadth have negative and significant

correlations with radical innovation performance. Based on the correlation matrix, it appears

that no severe problem of multicollinearity is present. To examine potential multicollinearity

concerns, we used variance inflation factors (VIFs) to test whether multicollinearity impacted

our regression analysis. All the VIF values were less than 10 (the highest was 3.56).

The results of the Tobit regression analysis can be found in Table 2. All the regression

models include six control variables. Model 1 is the baseline model and includes only the

control variables. H1 predicts an inverted U-shaped relationship between partnership

portfolios and radical innovation performance. The results in Model 2 indicate that the linear

term, the partnership portfolio, is positive and significant (b = 0.027, p < 0.01) and that

partnership portfolios squared is negative and significant (b = �0.002, p < 0.05), thus

supporting H1.

Table 1 Descriptive statistics and correlation coefficients (N = 1,519)

1 2 3 4 5 6 7 8 9 10

1. Industry type 1

2. Prior firm performance �0.13�� 1

3. Firm size 0.020 0.35��� 1

4. R&D intensity �0.23�� �0.07�� �0.09�� 1

5. Government-sponsored R&D �0.12�� �0.07�� 0.06� 0.18��� 1

6. Prior product innovative experience �0.04 0.04 0.14��� �0.01 0.09��� 1

7. Collaborative breadth 0.09��� �0.01 �0.05� 0.02 �0.16�� 0.14��� 1

8. Geographic diversity �0.01�� �0.01 �0.12�� 0.24��� �0.18�� 0.01 0.66�� 1

9. Partnership portfolios �0.12��� �0.03 �0.12�� 0.08�� 0.03 �0.13�� �0.05 0.03 1

10. Radical innovation performance 0.07�� �0.07�� 0.01 0.02 �0.06� 0.09��� �0.08�� �0.19�� 0.05� 1

Mean 0.45 13.67 4.59 0.61 0.14 0.71 0.63 0.49 4.08 0.25

SD 0.50 2.37 1.68 0.26 0.35 0.46 0.39 0.44 2.06 0.23

Minimum 0 6.80 0.69 0 0 0 0 0 0 0

Maximum 1 20.06 10.45 1 1 1 1 1 11 1

Notes: �p< 0.05; ��p< 0.01 and ���p< 0.001

Source: Authors’ own work

j JOURNAL OF KNOWLEDGE MANAGEMENT j



T
ab

le
2

R
es

ul
ts
of

T
ob

it
re
gr
es

si
on

an
al
ys
is
of

ra
di
ca

li
nn

ov
at
io
n
pe

rf
or
m
an

ce

V
a
ri
a
b
le
s

R
a
d
ic
a
li
n
n
o
v
a
ti
o
n
p
e
rf
o
rm

a
n
c
e

M
o
d
e
l1

M
o
d
e
l2

M
o
d
e
l3

M
o
d
e
l4

M
o
d
e
l5

P
a
rt
n
e
rs
h
ip

p
o
rt
fo
lio
s

0
.0
2
7
��

(0
.0
1
0
)

0
.0
6
4
��

(0
.0
2
1
)

�0
.0
1
5
(0
.0
2
1
)

�0
.0
1
4
(0
.0
2
2
)

P
a
rt
n
e
rs
h
ip

p
o
rt
fo
lio
s
s
q
u
a
re
d

�0
.0
0
2
�
(0
.0
0
1
)

�0
.0
0
7
��

(0
.0
0
2
)

0
.0
0
2
(0
.0
0
2
)

0
.0
0
2
(0
.0
0
2
)

G
e
o
g
ra
p
h
ic
d
iv
e
rs
it
y

�0
.0
5
4
(0
.0
5
2
)

0
.3
6
7
��

�
(0
.1
0
4
)

C
o
lla
b
o
ra
ti
v
e
b
re
a
d
th

�0
.2
3
5
��

�
(0
.0
5
7
)

�0
.5
6
0
��

�
(0
.1
1
6
)

P
a
rt
n
e
rs
h
ip

p
o
rt
fo
lio
s
�
g
e
o
g
ra
p
h
ic
d
iv
e
rs
it
y

�0
.0
6
6
�
(0
.0
2
6
)

�0
.3
0
1
��

�
(0
.0
5
5
)

P
a
rt
n
e
rs
h
ip

p
o
rt
fo
lio
s
s
q
u
a
re
d
�
g
e
o
g
ra
p
h
ic
d
iv
e
rs
it
y

0
.0
0
9
��

(0
.0
0
3
)

0
.0
3
4
��

�
(0
.0
0
6
)

P
a
rt
n
e
rs
h
ip

p
o
rt
fo
lio
s
�
C
o
lla
b
o
ra
ti
v
e
b
re
a
d
th

0
.0
6
9
��

(0
.0
2
7
)

0
.3
2
3
��

�
(0
.0
5
9
)

P
a
rt
n
e
rs
h
ip

p
o
rt
fo
lio
s
s
q
u
a
re
d
�
C
o
lla
b
o
ra
ti
v
e
b
re
a
d
th

�0
.0
0
6
�
(0
.0
0
3
)

�0
.0
3
5
��

�
(0
.0
0
6
)

R
&
D
in
te
n
s
it
y

0
.0
3
9
(0
.0
3
0
)

0
.0
3
6
(0
.0
3
0
)

0
.0
9
9
��

(0
.0
3
1
)

0
.0
4
2
(0
.0
2
9
)

0
.0
8
5
�
(0
.0
3
6
)

P
ri
o
r
fi
rm

p
e
rf
o
rm

a
n
c
e

�0
.0
0
8
��

(0
.0
0
3
)

�0
.0
0
8
��

(0
.0
0
3
)

�0
.0
0
8
��

(0
.0
0
3
)

�0
.0
0
8
��

(0
.0
0
3
)

�0
.0
0
9
��

(0
.0
0
3
)

F
ir
m

s
iz
e

0
.0
0
6
(0
.0
0
4
)

0
.0
0
8
þ
(0
.0
0
4
)

0
.0
0
5
(0
.0
0
4
)

0
.0
0
7
þ
(0
.0
0
4
)

0
.0
0
5
(0
.0
0
4
)

G
o
v
e
rn
m
e
n
t-
s
p
o
n
s
o
re
d
R
&
D

�0
.0
5
9
��

(0
.0
1
9
)

�0
.0
6
4
��

(0
.0
2
0
)

�0
.1
0
9
��

�
(0
.0
2
1
)

�0
.0
8
4
��

�
(0
.0
2
0
)

�0
.1
1
1
��

�
(0
.0
2
1
)

In
d
u
s
tr
y
d
u
m
m
y

0
.0
3
8
��

(0
.0
1
4
)

0
.0
4
0
��

(0
.0
1
4
)

0
.0
1
9
(0
.0
1
3
)

0
.0
4
8
��

(0
.0
1
4
)

0
.0
0
8
(0
.0
1
3
)

P
ri
o
r
p
ro
d
u
c
t
in
n
o
v
a
ti
o
n
e
x
p
e
ri
e
n
c
e

0
.0
5
7
��

�
(0
.0
1
4
)

0
.0
6
3
��

�
(0
.0
1
4
)

0
.0
6
7
��

�
(0
.0
1
5
)

0
.0
7
6
��

�
(0
.0
1
4
)

0
.0
6
1
��

�
(0
.0
1
4
)

C
o
n
s
ta
n
t

0
.2
5
3
��

�
(0
.0
4
9
)

0
.1
8
0
��

(0
.0
5
3
)

0
.1
9
1
��

(0
.0
5
9
)

0
.3
1
7
��

�
(0
.0
6
3
)

0
.3
3
5
��

�
(0
.0
6
5
)

p
-v
a
lu
e

0
.0
0

0
.0
0

0
.0
0

0
.0
0

0
.0
0

L
o
g
p
s
e
u
d
o
lik
e
lih
o
o
d

�3
5
6
.6
5

�3
5
1
.6
1

�3
0
6
.8
6

�3
3
7
.9
7

�2
8
3
.3
6

N
ot
es

:N
=
1
,5
1
9
.
R
o
b
u
s
t
s
ta
n
d
a
rd

e
rr
o
rs

a
re

s
h
o
w
n
in
p
a
re
n
th
e
s
e
s
;
þ p

<
0
.1
;
� p

<
0
.0
5
;
��
p
<
0
.0
1
a
n
d

��
� p

<
0
.0
0
1

S
ou

rc
e:

A
u
th
o
rs
’o
w
n
w
o
rk

j JOURNAL OF KNOWLEDGE MANAGEMENT j



To test H2, we introduce geographic diversity as a moderator of the association between

partnership portfolios and radical innovation (Model 3). Consistent with our prediction,

geographic diversity negatively moderates the positive association between partnership

portfolios and radical innovation (b = �0.066, p < 0.05) while positively moderating its

quadratic term (b = 0.009, p < 0.05). Hence, geographic diversity attenuates the inverted U-

shaped association between partnership portfolios and radical innovation. H2 is supported.

To test H3, we introduce collaborative breadth as a moderator of the association between

partnership portfolios and radical innovation (Model 4). Consistent with our prediction, the

interaction terms of collaborative breadth with the partnership portfolios are positive and

significant (Model 4, b = 0.69, p < 0.05; Model 5, b = 0.323, p < 0.001), while the interaction

terms of collaborative breadth with the quadratic term of the partnership portfolios are negative

and significant (Model 4, b = �0.006, p < 0.05; Model 5, b = �0.035, p < 0.001). Thus, H3 is

supported.

To test interaction effects, we used the approach of Haans et al. (2016) to examine the

moderating effect of geographic diversity on the curvilinear relationship between partnership

portfolios and radical innovation performance. The results are graphically shown in Figure 1. At

a high level of geographic diversity, the curve moves to the right, and the downward effect on

the partnership portfolios is larger than that at a low level of geographic diversity; thus, a high

level of geographic diversity decreases the positive effect of the partnership portfolios and

mitigates the positive effect of the partnership portfolios on radical innovation performance.

Accordingly, H2 is supported, as these results suggest that a high level of geographic

diversity flattens the inverted U-shaped relationship between partnership portfolios and radical

innovation performance.

Similarly, to further confirm the hypothesized moderating effects of collaborative breadth on

inverted U-shaped relationship between partnership portfolios and radical innovation

performance, we adopted the approach suggested by Haans et al. (2016). The results are

graphically shown in Figure 2. At a greater breadth of collaboration, the inverted U-shaped

curve of the partnership portfolios and radical innovation performance moves to the right

and steepens; thus, a greater breadth of collaboration increases the positive effect of the

partnership portfolios on radical innovation performance. It indicates the magnitude of the

impact of a marginal increase in reliance on collaborative breadth on the relationships

between partnership portfolios and radical innovation performance. Accordingly, H3 is

further supported.

Figure 1 Moderating effect of geographic diversity between the partnership portfolio and
radical innovation performance

0

0.5

1

Low Partnership

portfolios

High Partnership

portfolios

noitavo
n

nI laci
da

R

Low

Geographic

diversity

High

Geographic

diversity

Source: Author’s own work

j JOURNAL OF KNOWLEDGE MANAGEMENT j



Discussion

Established firms connect with globally dispersed collaborative partners, aiming to access

external knowledge sources to facilitate their radical innovation. However, as the number of

their external collaborative partners continues to increase, challenges and risks become

dominant. An inverse U-shaped relationship between partnership portfolios and radical

innovation performance emerges. We propose that the effects of geographic diversity and

collaborative breadth are important boundary conditions, especially in the context of

simultaneous engagement across a wide range of external collaborative partners.

These results empirically contribute to the research on open innovation in three distinct

ways. First, most previous research focuses on partnership portfolios for knowledge

sourcing; however, these studies largely ignore how to prevent core innovation knowledge

leakages. To date, only a few studies have discussed the employment of informal protective

mechanisms (James et al., 2013; Spithoven and Teirlinck, 2015; Miric et al., 2019) to

prevent core knowledge leakages. In line with the extant literature, our findings underscore

the need to develop informal defense mechanisms, such as geographic diversity and

collaborative breadth, as these can serve as important safeguards preventing core

knowledge leakages in the context of open innovation.

Second, we extend the research on collaboration with external partners for knowledge

sourcing (Chesbrough, 2003; Garcia Martinez et al., 2017; Garcia Martinez et al., 2019;

Oerlemans et al., 2013) and add to a recent stream of studies that has suggested a need

for research examining core innovative knowledge defenses in the context of partnership

portfolios (Hwang et al., 2022). While past studies have focused on how collaborating with

external partners in accessing knowledge sources can spur innovation outcomes (Laursen,

2012; Laursen and Salter, 2006; Wang et al., 2020), this study goes beyond this topic by

examining how safeguards are developed among firms and their partners during open

innovation processes. This study adds new insight to the relevant theory, as it considers

acting to be not only a knowledge brokerage initiative but also a knowledge protection

mechanism for open innovation activity.

Third, building on and contributing to the knowledge base (Grant, 1996; Grant and Baden-

Fuller, 2004) of firms, we found that the integration of geographic diversity and collaborative

breadth improves the understanding of the nuances of partnership portfolios and thus leads

to well-developed safeguard approaches and mechanisms. Moreover, our evidence fills the

gap between open innovation and knowledge protection (Grimpe and Kaiser, 2010;

Figure 2 Moderating effects of collaborative breadth between the partnership portfolio and
radical innovation performance
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Wadhwa et al., 2017). We thus contribute to the literature by examining the effects of

balancing the tension in the relationship between the partnership portfolios and the

knowledge leakages of firms as they open their boundaries to collaborate with a wide range

of external partners.

Implications

This study has several key implications. First, firms need to invest in appropriate safeguards

to develop partnership portfolio diversity. However, established, well-developed, informal

protective practices are important (Foege et al., 2019) in helping firms prevent core

innovative knowledge leakages. Firms characterized by well-developed informal defense

mechanisms are better able to protect their core knowledge and develop partnership

portfolios across their organizational and technological boundaries. We reveal how and

when firms implement informal safeguards to address the tensions between multilateral

collaborative innovation and knowledge protection. In this way, we encourage firms to

design informal safeguards that might reduce the risks of knowledge theft by external

innovative collaborators.

Second, our findings show that partnership portfolios go beyond the simplistic linear

association between partnership portfolios and radical innovation, but we advance that

understanding by exposing the partnership portfolio–knowledge protection relationship in a

more explanatory contingency framework. The moderation of safeguard mechanisms

highlights the importance of core knowledge protection in open innovation partnership

portfolio processes. This implies that firms must choose different knowledge protection

mechanisms for different innovation collaborative activities. That is, when firms collaborate

with many external actors, they should be careful and discreet when monitoring their

partners’ behaviors in light of the risks and problems related to leakage. They should

continue investing in informal defense mechanisms to prevent undesired knowledge

leakages.

Finally, our study has significant implications that can help firms better design and protect

their core knowledge and implement safeguarding practices in their partnership portfolio

activities; indeed, the importance of these issues is expected to increase in the wake of

open innovation activities. Firms should devote more attention not only to the safeguarding

properties of partnership portfolios for core knowledge but also to the potential they have to

strengthen an optimal mix of distinct protective mechanisms for innovative collaboration.

Limitations and future research

The findings and limitations of our study offer several avenues for future research. First, we

assessed the partnership portfolios using an aggregated measure based on 11 sources.

Cheng and Huizingh (2014) proposed well-developed measurement items, which may also

be relevant in terms of openness, but we omitted those additional dimensions from our

partnership portfolio construct because we lacked the appropriate data. Moreover, our

analysis can be extended to other measurement constructs in future research. Second, we

focused on two complementary safeguard mechanisms across different partners and

countries: geographic diversity and collaborative breadth. Other potential limitations, such

as cross-cultural differences, may moderate the relationship between partnership portfolios

and radical innovation performance. Future studies should test cross-cultural practices and

other moderating variables between partnership portfolios and radical innovation to further

test the theoretical predictions for robustness. Third, in devising appropriate measures to

estimate different sources of geographic diversity and the collaborative breadth embedded

in cross-boundary innovation activities, we resorted to borrowing constructs such as the

Herfindahl index from other fields of study and to deriving measures such as interactions

with the partnership portfolio. Further refining these measures would be a worthwhile
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endeavor. Nevertheless, the measures used in this study can be used to complement other

subjective measures in future research.

Conclusion

In conclusion, our study shows that partnership portfolios can play a determining role in

facilitating radical innovation outcomes, but this is only one perspective among several. As

such, it complements existing research and contributes to open innovation theory on

partnership portfolios by enhancing our understanding of how simultaneity can be used in

open co-innovation and knowledge protection (Grimpe and Kaiser, 2010; Wadhwa et al.,

2017). Additionally, this study identifies geographic diversity and collaborative breadth as

moderators of the relationship between firms’ partnership portfolios and radical innovation

performance. This finding may indicate that firms’ geographic diversity and collaborative

breadth can prevent unintended knowledge from being disclosed to external partners. We

call this a “safeguard mechanism.” From this perspective, our findings provide a foundation

for reconciling the tension between partnership portfolios and knowledge protection and

proposing informal appropriability strategies (Miric et al., 2019).
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