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ONE MATTERS MORE TO DISPERSED COLLABORATION IN THE FRONT END OF 

INNOVATION? 

 

ABSTRACT 

Dispersed collaboration provides many benefits such as members’ closeness to local 

cultures and markets and reachability of talent worldwide. Hence, it is no surprise that dispersed 

collaboration is frequently being used by product development teams. A necessary but not 

sufficient condition for innovation performance is the sharing of tacit, non-codified and explicit, 

codified knowledge by the team. Situated learning theory, however, predicts that tacit knowledge 

sharing will be largely prevented by “decontextualization”. Therefore, increasing usage of 

dispersed collaboration will decrease levels of tacit knowledge –crucial to innovation and 

organizational performance- in the business unit. This research investigates the moderating role 

of mechanisms believed to enable tacit knowledge transfer in the front end of innovation. Using 

data from 116 business units, the moderating role of communities of practice and organizational 

climate on the relationship between the proficiency of dispersed collaboration and front end of 

innovation performance is investigated. Encouragement of communities of practice is found to 

moderate the relationship between proficiency of dispersed collaboration and front end of 

innovation performance on the business unit level. More specifically, proficiency of dispersed 

collaboration is not related at all to front end of innovation performance in business units with 

low support for communities of practice; but a positive relationship exists in business units with 

high support for communities of practice. This study does not provide support for the moderating 

effect of organizational climate on the relationship between proficiency in dispersed 
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collaboration and front end of innovation performance. However, supportiveness of climate has a 

significant direct effect on front end of innovation performance. The findings of this study 

suggest that managers should simultaneously invest in increasing proficiency in dispersed 

collaboration and supporting communities of practice. Either one by itself is insufficient. 

Because of its significant direct effect, managers should also nurture an open climate favoring 

risk taking, trust, and open interaction. 
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Globalization of trade and business and the increasingly user-friendly and cost-effective 

means of virtual communication have heightened the usage of dispersed collaboration 

throughout all stages of the innovation process (Townsend et al., 1998). Dispersed collaboration 

has many benefits for organizations such as enabling people with the appropriate knowledge, 

skills and abilities for projects to work together despite geographical constraints and enhancing 

innovation because of the proximity of dispersed members to customers and markets in their 

local context (Leonard and Sensiper, 1998). However, the increasing use of dispersed 

collaboration may not come without cost. Following situated learning theory (Greeno, 1997, 

Lave and Wenger, 1991), decontextualization (Bechky, 2003) such as under circumstances of 

dispersed collaboration will make the sharing of tacit knowledge difficult (Nonaka, 1994; 

Polanyi, 1966; Zander & Kogut, 1995) even with today’s improved IT systems which have been 

linked to New Product Development (NPD) success (Chiesa, 1996, Khurana, 2006).  

Tacit knowledge is typically difficult to transmit in formal, systematic language due to its 

non-codified, sticky nature (Polanyi, 1966; von Hippel, 1994). The increasing use of dispersed 

collaboration, therefore, will decrease the number of opportunities for tacit knowledge transfer in 

the business unit and hence, the amount of tacit knowledge in the business unit. This is 

problematic since tacit knowledge is central to the functioning of business and to innovation 

performance (Brown and Duguid, 1991, Nonaka and Takeuchi, 1995). Hence, managers face a 

dilemma: how can they counteract the negative effects of dispersed collaboration on the amount 

of tacit knowledge in the business unit? This study looks at how mechanisms that enable tacit 

knowledge transfer such as communities of practice and organizational climate influence the 

relationship between proficiency of dispersed collaboration and front end of innovation 

performance. The front end of innovation is the phase in the innovation process where initial 
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product concepts are conceived (e.g. Khurana and Rosenthal, 1998, Koen et al., 2001, Koen et 

al., 2002, Montoya-Weiss and O'Driscoll, 2000, Reid and de Brentani, 2004). Reduced levels of 

tacit knowledge are especially problematic in the front end of innovation because of its high 

degrees of uncertainty and extra-ordinary requirements for creativity (Amabile, 1988, Polanyi, 

1966). 

The number of opportunities for individuals to share tacit knowledge with others can be 

increased in business units by supporting the establishment of organizational groups that enable 

forms of learning which are appropriate for tacit knowledge transfer and by creating conditions 

favorable towards knowledge sharing in general. The first can be achieved by means of 

communities of practice; the second by the organizational climate. Communities of practice are 

groups composed of members who share information, insight, experience, and tools about an 

area of common professional discipline, skill, or topic (McDermott, 2000, Wenger, 1998). 

Communities of practice can improve performance (Lesser and Storck, 2001) through the 

promotion of the spread of tacit knowledge like best practices and professional skills (Wenger 

and Snyder, 2000). The empirical support for the benefits of communities of practice to 

innovation and organizational performance (Brown and Duguid, 1991, Lave and Wenger, 1991), 

however, is limited to anecdotes, case studies and ethnographic studies (Brown and Duguid, 

1991, Lesser and Storck, 2001, Orr, 1990). 

Business unit climate is defined as the recurring patterns of behavior, attitudes, and 

feelings that characterize life in the business unit (Ekvall, 1987). An open climate favoring risk 

taking, trust, and open interaction improves the creation of new knowledge (Smith et al., 2005, 

Zack and McKenney, 1995) and behavior leading to increased knowledge sharing (De Long and 

Fahey, 2000, Dewhirst, 1971) and organizational performance. Also, climate helps individuals 
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integrate their idiosyncratic knowledge bases by providing common knowledge (Grant, 1996). 

Hence, communities of practice and organizational climate are likely to increase the amount of 

tacit knowledge sharing within the business unit and therefore the amount of tacit knowledge 

available to employees; which is always beneficial but especially so under circumstances of 

dispersed collaboration during the front end of innovation. 

The authors did not encounter a study that looked at the effect of climate and 

communities of practice on the relationship between proficiency of dispersed collaboration and 

front end of innovation performance. Hence, it remains unverified whether organizations which 

innovate increasingly under circumstances of dispersed collaboration should concentrate on 

improving the organizational climate and/or on encouraging communities of practice or on none 

of both. For example, an organizational climate supportive of knowledge sharing may be 

sufficient to overcome the liabilities associated with dispersed collaboration and managers may 

not need to bother with communities of practice at all. This article addresses the gap in the 

literature by asking the research question: does organizational encouragement for communities 

of practice and/or supportiveness of the organizational climate moderate the relation between 

proficiency of dispersed collaboration and front end of innovation performance? The business 

unit was chosen as the unit of analysis because the strategizing and execution of the front end of 

innovation take place at that level (see also Brown and Eisenhardt, 1997). 

CONCEPTUAL BACKGROUND 

The front end of innovation 

 The front end of innovation is the phase in the innovation process where initial product 

concepts are conceived and evaluated, product definitions formulated, and the project tentatively 

planned (Khurana and Rosenthal, 1998, Koen, Ajamian, Burkart, Clamen, Davidson, D'Amore, 
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Elkins, Herald, Incorvia, Johnson, Karol, Seibert, Slavejkov and Wagner, 2001, Langerak et al., 

2004, Reid and de Brentani, 2004, Verworn et al., 2008). It is followed by the “new product 

development” phase, which represents the part of the innovation process where the concept 

selected in the front end of innovation stage is developed into a product and made ready for 

commercialization—the third phase of the innovation process.  

There are at least two reasons why it is important to study the front end of innovation. 

First, because of its position in the beginning of the innovation process, the front end of 

innovation is critical to overall innovation performance (Bacon et al., 1994). Although the 

product concept, definition and project plan are not rigidly frozen and may keep on evolving 

during later stages in the innovation process (Bacon, Beckman, Mowery and Wilson, 1994), 

decisions made during the front end of innovation constrain the business unit’s options of which 

products can be developed and ultimately commercialized (Cohen and Levinthal, 1990), 

highlighting its strategic importance. Second, the front end of innovation is fundamentally 

different from the latter phases of the innovation process, which are relatively well researched 

(e.g. Brown and Eisenhardt, 1995, Cooper, 2001, Montoya-Weiss and Calantone, 1994) and 

implemented in practice (Adams-Bigelow, 2005). Therefore simple extension of findings of the 

body of research on new product development to the front end of innovation may be of little use. 

Creativity (Amabile, 1988) is an essential ingredient to the creation of novel and useful ideas. 

Since creativity requires divergent thinking, novelty, and playfulness, the learning behavior in 

the front end of innovation is inherently explorative (Amabile, 1988, March, 1991). In contrast, 

other activities like product implementation are more exploitative by nature (March, 1991). They 

require a well practiced routine and have become highly structured in many large companies 



 

10 
 

through the application of stage-gate processes (Cooper, 2001). Thus, research on innovation 

management will benefit significantly from efforts concentrating on the front end of innovation. 

Tacit and Explicit Knowledge in the Front End of Innovation 

Scholars have mainly distinguished between two types of knowledge: tacit and explicit 

knowledge (Nonaka, 1994, Polanyi, 1966). Explicit knowledge is externalized or relatively easy-

to-verbalize to the knowledge holder. It has the ability to be conveyed in documents, pictures, 

videos, digital models, and so forth (Griffith et al., 2003). Tacit knowledge, on the other hand, is 

embedded in the semi-consciousness and unconsciousness (Leonard and Sensiper, 1998). For 

example, we use our tacit knowledge for coordination and motor skills to balance on a bike 

(Cook and Brown, 1999). We constantly draw on tacit knowledge but only “know” it as we use it 

e.g. we have the ability to recognize opportunities and generate ideas even though we cannot 

fully understand or express what knowledge led us to these discoveries. It is in our tacit 

knowledge that our intuition, insight and “gut feel” originate (Leonard and Sensiper, 1998); all of 

which are crucial to innovation in general and the front end of innovation in particular.  

Many of the activities in the front end of innovation are not reducible to explicit 

knowledge because opportunity recognition (Busenitz, 1996, Christensen and Peterson, 1990, 

O'Connor and Rice, 2001, Zietsma, 1999), idea generation, and concept definition all require 

tacit knowledge about how to deal with uncertainty (Polanyi, 1983) and how to be creative. 

Given the inherent uncertainty and need for creativity in the front end of innovation; the 

activities that constitute this part of the innovation process call for tacit know-how about trial-

and-error learning and creative processes. Other examples of tacit knowledge critical to the front 

end of innovation may involve drawing skills, experiential knowledge about how to design 

and/or knowledge about evaluating front end of innovation projects under circumstances of 



 

11 
 

incomplete knowledge. Furthermore, in the front end of innovation there is a lack of collective 

tacit knowledge (Cook and Brown, 1999) because the project has not yet advanced far enough to 

build up collective tacit knowledge through shared experiences around the project. Hence, this 

collective tacit project knowledge cannot function as a boundary object (Carlile, 2002). A 

boundary object is an object that helps create a shared context that makes heterogeneous problem 

solving possible i.e. a boundary object is a connector; it is “what sits in the middle” (Star, 1989: 

47) between people of different disciplines necessary for them to co-create (Carlile, 2002, Star, 

1989). The lack of collective tacit knowledge as a boundary object makes it also more difficult 

for the front end of innovation team to share tacit knowledge. 

Tacit knowledge is paramount but confronts organizations with the challenging task of 

spreading something that is in the minds of individuals. In this article, it is argued that business 

units need to provide opportunities for employees to acquire, transfer, and use tacit knowledge 

(Nonaka, 1994) –to counterbalance the decreased levels of tacit knowledge as a consequence of 

the increased usage of dispersed collaboration- in order to increase front end of innovation 

performance. For organizations to provide these opportunities, they need to evoke learning in its 

employees that allows for the acquisition and transfer of tacit knowledge. 

Learning Theory 

Tacit knowledge can be transferred through situated learning (Lave and Wenger, 1991). 

Situated learning is defined as an integral and inseparable aspect of social practice which 

involves the construction of identity through changing forms of participation in “hands-on” 

communities (Lave and Wenger, 1991). It challenges cognitive theories of learning in the 

pedagogic assumption that classroom-based learning is as effective as learning within the 

communities in which what is practiced is learned and vice versa (Lindkvist, 2005). Following a 
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situated theory of learning, true understanding involves “living it”, i.e. it requires the learner to 

be situated within the context because learning is a social process, which will be affected by 

social and cultural contexts (Tyre and von Hippel, 1997). Therefore, proponents of situated 

learning argue that learning cannot be decoupled from practice and context; that is: learning is 

not the simple reception of factual knowledge (Lave and Wenger, 1991). Central to a theory of 

situated learning is the concept of “legitimate peripheral participation”, which captures the 

observation that “the mastery of knowledge and skills requires newcomers to move from a more 

peripheral participation toward full participation in the socio-cultural practices of a community” 

(Lave and Wenger, 1991: 29). The concept of legitimate peripheral participation is vividly 

present in many disciplines where an internship or apprenticeship is considered part of the 

education (e.g. in architecture, medicine, and academia). A cognitive theory of learning, on the 

contrary, assumes knowledge and skill are acquired by mental or cognitive processes such as 

through instruction or observation. The action of learning is on the cognitive level, in the head 

(Fox, 1997, Greeno, 1997). Following a cognitive theory of learning, it is the active processing 

of information which enables somebody to learn. 

 Cognitive learning is known to be effective for transfer of knowledge which is 

codified/explicit, but less effective for non-codified practical and social knowledge with high 

degrees of tacitness (Brown and Duguid, 1991, Brown and Duguid, 2001). Situated learning, on 

the other hand, is assumed to be especially appropriate for the transfer of tacit knowledge (Lave 

and Wenger, 1991, Wenger, 1998). Business units which organize work increasingly in dispersed 

ways, decrease the overall situatedness of the work and hence the opportunities for situated 

learning. During dispersed collaboration, one works under circumstances of 

“decontextualization”—that is, lack of shared physical and social context (Bechky, 2003, 



 

13 
 

Cramton, 2001, Townsend, DeMarie and Hendrickson, 1998). Although technological advances 

have allowed for the sharing of explicit knowledge, these advances do not as effectively support 

the sharing of tacit knowledge (Griffith, Sawyer and Neale, 2003).  

Following situated learning theory (Lave and Wenger, 1991), decontextualization will 

largely prevent the sharing of tacit knowledge under circumstances of dispersed collaboration 

(Nonaka, 1994, Polanyi, 1966, Zander and Kogut, 1995). In addition, the emergent state of a 

front end of innovation project, the lack of a shared context and the inability to co-shape, pass 

on, and physically feel artifacts (e.g. a draft prototype put together on the spot) that could 

otherwise be used as boundary objects (Carlile, 2002), prevent tacit knowledge transfer. 

Therefore it is expected that increased levels of dispersed collaboration will decrease the amount 

of tacit knowledge in the business unit. Increasing usage of dispersed collaboration in the 

business unit may negatively influence front end of innovation performance because of reduced 

levels of tacit knowledge. Business units can try to increase tacit knowledge available in the front 

end of innovation by supporting the establishment of organizational groups that enable situated 

learning and by enlarging person-to-person networks within the organization (Hansen et al., 

1999). 

Communities of Practice and Business Unit Climate 

Communities of practice are groups composed of members who share information, 

insight, experience, and tools about an area of common professional discipline, skill, or topic 

(McDermott, 2000, Wenger, 1998). The purpose of communities of practice is to build and 

exchange knowledge among self-selected members, who are glued together by a passion, 

commitment, and identification with the group’s expertise (Wenger and Snyder, 2000). A well-

known example of a community of practice, “the Turbodudes” at Shell Oil, unites people from 
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different disciplines (geology, geophysics, petrophysics, reservoir engineering) who are 

interested in a particular kind of geological structure called “turbidites” (McDermott, 2000). The 

Turbodudes meet weekly and have a coordinator and a mentorship program for newcomers. 

They engage in debates around topics related to turbidites and combine their knowledge and 

experiences in thinking through how to interpret certain findings (McDermott, 2000), 

collaboratively creating understanding. Other examples of communities of practice are engineers 

engaged in deep-water drilling (Wenger and Snyder, 2000) or Xerox repair representatives 

(Brown and Duguid, 1991). 

Large companies like P&G and Rolls-Royce (Meeuwesen and Berends, 2007) have 

embraced the community of practice approach in their knowledge creation and innovation 

strategies. Gilbert Cloyd, P&G's chief technology officer, said that they have “21 communities of 

practice within our [P&G’s] R&D community built around areas of expertise, such as polymer 

chemists, biological scientists, and people involved with fragrances. The communities of practice 

allow for technologies and ideas to be moved around across business units in less time and with 

less resources than would otherwise be needed for the coordination of such connections.” (Hof, 

2004) 

 Business unit climate is defined as the recurring patterns of behavior, attitudes, and 

feelings that characterize life in a business unit (Ekvall, 1987). A business unit’s climate 

provides a collective understanding of what’s socially accepted within the business unit. Climate 

is distinct from culture in that it is more directly observable within a business unit. Culture refers 

to the deeper and more enduring values, norms, and beliefs within a business unit (Ekvall, 1996, 

Schneider et al., 1996). A supportive organizational climate is helpful to people active in the 

front end of innovation in two ways: 1) the existence of collective, tacit understanding provided 
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by a business unit’s climate functions as a boundary object (Carlile, 2002, Star, 1989) and a 

structure on the group level around which their exploratory front end of innovation work can be 

organized, and 2) a supportive climate will increase networking activities and knowledge sharing 

within the organization increasing the usage of knowledge which may otherwise stay in an 

individual’s head and create awareness in the business unit of “who knows what”. Because 

understanding of front end of innovation projects needs to be developed collaboratively and over 

time, a commonly shared social and normative background gives much needed grounding and 

trust. 

In sum, in this article it is proposed that the relationship between proficiency of dispersed 

collaboration and front end of innovation performance will be stronger and more positive when 

business units encourage communities of practice and provide a supportive climate for 

knowledge sharing through providing a locus for situated learning, increased connections within 

the business units and a collective social and normative background. Figure 1 depicts the 

contingency model of front end of innovation performance. 

Insert Figure 1 about here 
 

HYPOTHESES 

Moderators of the Relationship between Proficiency of Dispersed collaboration and Front  

End of Innovation Performance 

 Communities of practice. Communities of practice are identified as a mechanism through 

which knowledge is held, transferred, and created (Brown and Duguid, 1991, Lave and Wenger, 

1991, Wenger, 1998). Communities of practice are especially appropriate as a place to transfer 

non-codified knowledge (Lave and Wenger, 1991) between members. Communities of practice 

also provide a good opportunity to build new non-codified knowledge, for example, through 
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discussing a related problem of one of its members. Another benefit of communities of practice 

is the opportunity for members to enlarge their network of individuals to rely on when facing 

project-specific problems. Communities of practice increase the benefits of dispersed 

collaboration in the business unit by providing a place for situated learning and hence tacit (and 

also explicit) knowledge sharing. They increase the pool of tacit knowledge in business units 

available to its members to draw from. Therefore, it is predicted: 

Hypothesis 1. Proficiency of dispersed collaboration is stronger, more positively related 

to front end of innovation performance when the business unit supports communities of 

practice. 

 Business unit climate. Previous studies have found that an open climate favoring risk 

taking, trust, and open interaction increases performance (Wei and Morgan, 2004) through 

increased ability to create (Smith, Collins and Clark, 2005, Zack and McKenney, 1995) and 

share knowledge (De Long and Fahey, 2000, Dewhirst, 1971). If the business unit’s climate 

encourages the right social behavior, it can increase the amount of person-to-person 

communication by linking people (Hansen, Nohria and Tierney, 1999). Thereby the business unit 

creates larger networks to share knowledge. Furthermore, the business unit’s climate provides 

managers with a tool to grow and store collectively held tacit knowledge (Leonard and Sensiper, 

1998) about “the way we do things around here” and what the “unwritten house rules” are. For 

individuals to embed an understanding of unwritten house rules in their behavior and thinking, 

tacit knowledge transfer from the business unit to the individual is required, a process referred to 

as “appropriation” by Hedlund (1994). Such knowledge is impossible for any one individual to 

possess but is “held in common” at the group level instead (Cook and Brown, 1999). 
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Dewhirst (1971) found a direct relationship between the strength of the individual's 

perception of business unit information-sharing norms (which is a reflection of the business 

unit’s climate) and the extent to which information is shared. De Long et al. (2000) found that if 

employees believe that sharing knowledge incurs personal risks and decreases power, they will 

be less likely to demonstrate knowledge sharing behavior. Therefore, to some extent, the 

business unit’s climate “dictates what knowledge belongs to the business unit and what 

knowledge remains in control of individuals or subunits” (De Long and Fahey, 2000: 118). Thus, 

an open climate favoring risk taking, trust, and open interaction provides employees with a 

structure and with a social and ethical context that encourages more person-to-person (as well as 

people-to-documents (Hansen, Nohria and Tierney, 1999)) knowledge transfer. Therefore, it is 

predicted: 

Hypothesis 2. Proficiency of dispersed collaboration is stronger, more positively related 

to front end of innovation performance when supportiveness of the climate is higher. 

METHODS 

Procedures and Sample 

The research design is a cross-sectional study at the business unit level. Prior to 

developing the final questionnaire, semi-structured interviews with 10 U.S. companies on their 

front end of innovation activities were conducted. This was followed by working with the 

Industrial Research Institute (IRI; the major association of leading industrial companies in the 

U.S.), which sponsored an industry advisory panel that included R&D managers from 10 

companies. This group worked with the researchers to 1) develop sampling and survey 

administrative procedures, 2) provide expert judgment to support the content validity of the 

measures, 3) develop hypothesized relationships among the constructs, and 4) develop new 
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measures. The survey instrument underwent several revisions. First, members of the industry 

advisory panel were administered the questionnaire and gave feedback. A second administration 

of the questionnaire was conducted with colleagues of the advisory panel members. All pre-test 

participants critically evaluated each item for clarity, specificity, and representativeness. In a 

final step the survey instrument was reviewed by academics knowledgeable in front end of 

innovation research. 

 Data have been collected from 277 respondents representing 174 business units: that is, 

174 primary respondents (of which 116 had complete data) and 103 secondary respondents (of 

which 84 had complete data). Data was collected from secondary respondents whenever possible 

to allow for tests on inter-rater agreement which, if sufficient, support the reliability of the 

measures. Unless otherwise stated, analyses have been performed on the complete data set of the 

primary respondents from 116 business units. Data come from 1) business units with employees 

in an executive training program who utilize the survey data to benchmark their business unit’s 

performance; 2) business units that are a member of the IRI, or 3) business units that were 

represented at a conference focused on the front end of innovation. The overall response rate was 

75%. Respondents had extensive involvement in and an appropriate knowledge level about the 

business unit’s front end of innovation programs. The average number of years with the business 

was 13 years (minimum 1 year). The average number of years in product development including 

front end of innovation activities was 14 (minimum is 1 year). Thus, bias was minimized for 

retrospective data (Miller et al., 1997) by 1) surveying managers who actually participated in 

front end of innovation activities, 2) limiting the recall frame to a three-year period (see stability 

of retrospective reports (Huber and Power, 1985)); and 3) ensuring confidentiality to all 

respondents. To encourage participation, all participants were offered a benchmarking report in 
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which their business unit was compared with the top and bottom quartile companies on front end 

of innovation performance. The present sample includes companies from several industries 

including (tele)communications (10.3%), chemicals (8.6%), food (8.6%), pharmaceuticals 

(6.9%), medical devices (6.0%), consumer goods (5.2%), manufacturing (2.6%), and petroleum 

(2.6%). The median respondent business unit reported $1.1 billion in annual sales revenue and 

3.5% in annual R&D investmenti. 

Measures 

All variables were measured on a 7-point scale ranging from 1 to 7, except for the control 

variables. A perceived measure of performance was used because it permits comparisons across 

firms, based on managerial assessments within their own industry. The validity of this approach 

is supported by work that has shown perceived measures to be highly correlated with object 

performance (Song and Parry, 1997). Use of self-report data is a common practice in 

management research and has led to the so-called “common method variance” problem. There 

are several explanations why method variance should not substantially affect the study’s results. 

First, self-report data are most problematic for topics that generate strong sentiments, such as 

attitudes (Cote and Buckley, 1987). New product performance is a much less emotionally laden 

subject and hence less likely to be distorted by self-reports. Second, social desirability bias often 

leads to compressed ranges in responses (Podsakoff and Organ, 1986), which was not evident in 

the sample. Third, Lukas and Ferrell (2000) and Podsakoff and Organ (1986) found that 

managers rely on their own self-reports and provide reliable and objective data. Consequently, it 

is not expected for the results to be contaminated by common method variance problems. The 

data will be tested for common method variance in the “analyses and results” section. 
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Front end of innovation performance. Drawing on studies in the product development 

literature (Henard and Szymanski, 2001, Li and Calantone, 1998, Robinson, 1990) and on 

findings that focused on building a balanced portfolio of incremental, platform and breakthrough 

projects (Cooper et al., 1999, de Brentani, 2001), two constructs for front end of innovation 

performance were developed. The first construct, “advantage,” defines business units with a 

front end of innovation pipeline that 1) contains products where the business unit expects to 

generate a sustainable competitive advantage, 2) strategically manages and leverages intellectual 

property, and 3) is able to anticipate the next wave of competition. The second construct, labeled 

“portfolio,” defines business units 1) with a front end of innovation pipeline that is aligned with 

the business’ objectives and strategy and 2) balanced across products, technologies, risk level, 

etc., and 3) who actively manage their front end of innovation portfolio mix. Cooper et al. (2004) 

identified aspects of portfolio management, and the measures used in this study are related to 

three that have a major impact. All constructs used in this study are shown in the appendix.  

Initially two factors were hypothesized for the dependent variable, front end of 

innovation performance: one for competitive advantage and one for portfolio mix. Confirmatory 

factor analysis (dataset of 174 cases) showed that these constructs did not have discriminant 

validity, and therefore were combined into one construct, which is, as stated before, front end of 

innovation performance. Internal consistency (coefficient alpha) was 0.86. In this article, the 

average variance extracted is also reported because alpha does not measure the amount of 

variance that is captured by the construct in relation to the amount of variance due to 

measurement error (Fornell and Larcker, 1981). The average variance extracted was 0.51, 

exceeding the 0.50 threshold. Also, the correlation of the front end of innovation construct with a 

well accepted thirteen-item construct (α = 0.91) from the new product development literature 
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(e.g. Cooper and Kleinschmidt, 1993, Song and Parry, 1996) which measures overall new 

product development success was obtained. A significant bivariate correlation was found (r = 

0.62), giving confidence that the construct for front end of innovation performance is valid. 

Indeed, given that the front end of innovation precedes product development, it can be expected 

for front end of innovation success and new product development success to be correlated. 

Perfect correlation, however, is not to be anticipated due to attrition in the new product 

development process. 

In order to determine whether answers of primary and secondary respondents from the 

same business unit were more similar than what could be expected by chance, the ICC(1) and 

ICC(2) statistic (Shrout and Fleiss, 1979) were used. ICC(1) indicates the amount of variance in 

a variable attributable to group membership, and ICC(2) assesses the internal consistency 

reliability of the group means (Castro, 2002). The analyses indicate that a significant proportion 

of the variance of the measure can be explained by membership in a particular business unit 

(front end of innovation performance: ICC(1) = 0.47; ICC(2) = 0.64; p < 0.001). 

Proficiency of dispersed collaboration. Proficiency of dispersed collaboration is related 

to the ability of employees active in the front end of innovation to overcome barriers related to 

distance, culture, and IT-enabled communication. Project teams that are dispersed can achieve a 

high level of quality of collaboration (Hoegl et al., 2007) through the successful management of 

physical and cultural dispersion and the deployment of information technology (IT) to their 

benefit. Although geographical and cultural diversity can be beneficial, such differences also 

influence members’ preferences for social interaction norms. If the business unit employees are 

not able to deal with these differences, cooperative decision making can be complicated and 

therefore performance hindered (Maznevski and Chudoba, 2000, Townsend, DeMarie and 
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Hendrickson, 1998). Hence, it is important for organizational members engaging in dispersed 

collaboration to be proficient in managing projects across geography and culture. Furthermore, 

how proficient project members are under circumstances of dispersed collaboration is likely to 

be related to their skill with a variety of computer-based technologies (Townsend, DeMarie and 

Hendrickson, 1998). As a result the construct for proficiency of dispersed collaboration defines 

the adeptness of front end of innovation employees when in locations significantly distant from 

each other, their skillfulness with IT tools to overcome the communication issues imposed by 

this distance, and their competency in developing projects despite cultural differences. 

Coefficient alpha was 0.76. The average variance extracted was 0.51. The indicators for 

inter-rater reliability indicate that multiple raters from the same business unit give consistent 

results (ICC(1) = 0.20; ICC(2) = 0.34; p = 0.045). 

Communities of practice. Communities of practice are not sustainable if the business unit 

does not support them. Some of the management challenges for cultivating communities of 

practice as identified by McDermott (2000) are: 1) focus on topics important to business and 

community members; 2) assign a well-respected community member to coordinate the 

community; and 3) ensure people have time and commitment to participate. Accordingly, the 

supportive business unit for communities of practice is defined as one that encourages 

communities of practice around key areas of interest and dedicates a community’s coordinator 

with a budget and time commitment of at least 25%. 

Internal consistency (coefficient alpha) was 0.84. The average variance extracted was 

0.65. The indicators for inter-rater reliability indicate that multiple raters from the same business 

unit give consistent results (ICC(1) = 0.21; ICC(2) = 0.35; p = 0.021). 
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Climate. Since climate can be defined and differentiated, it should be possible to measure 

it through a variety of methods. In this study a modified version of the Situational Outlook 

Questionnaire (SOQ™) was used. The SOQ™ (Isaksen et al., 1999) is designed to measure 

perceptions of the character of life within a business unit. Its particular emphasis is focused on 

how attitudes, feelings, and behaviors support creativity and change in organizational and team 

settings (Ekvall, 1996, Lauer, 1994). This questionnaire has been established as a reliable 

measure (Isaksen, Lauer and Ekvall, 1999) and studies have been conducted that support the 

validity of the theory and measure (Lauer, 1994, Turnispeed, 1994). 11 items from the pool of 53 

SOQ items were chosen for this study. The rationale for the reduction was dictated by the 

productive use of “shortened” versions of the SOQ by previous researchers (e.g. Isaksen and 

Lauer, 2002). Seven of these were included for the final construct after factor analysis. Internal 

consistency was 0.90. The average variance extracted was 0.53. The indicators for inter-rater 

reliability indicate that multiple raters from the same business unit give consistent results 

(ICC(1) = 0.39;  ICC(2) = 0.56; p < 0.001). 

Control variables. Numerous business unit factors beyond dispersed collaboration, 

climate, and communities of practice may influence front end of innovation performance. Firm 

size has long been found to be an important factor affecting firm survival and performance 

(Porter, 1980). Therefore, business unit size was included as a control variable. Size was 

measured as the number of employees in the respective business unit. The second control 

variable is R&D intensity, measured as the percentage of R&D as a proportion of sales. R&D is 

important for innovative performance because it enables a business unit to develop absorptive 

capacity (Cohen and Levinthal, 1990). To be able to compare relative R&D intensity of business 

units with different sales volumes, a percentage value is used. 
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ANALYSES AND RESULTS 

Overview 

Business unit size and R&D intensity as percentage of sales were both found to have 

significant skewness and kurtosis. Therefore a logarithmic transformation on these variables was 

performed, bringing skewness and kurtosis within acceptable range. Then, for interpretive and 

diagnostic purposes, all the variables were standardized (before creating the interaction terms). 

Univariate outliers were detected by means of standard deviations (z-scores with absolute values 

higher than 3). All cases were within acceptable range. Multivariate outliers were determined 

with Mahalanobis Distance (Tabachnick and Fidell, 2007). One multivariate outlier was 

encountered and deleted. Deletion of this multivariate outlier did not significantly influence the 

regression results. Visual inspections of histograms with normal curve, scatter plots, and 

expected and detrended normal probability plots (Tabachnick and Fidell, 2007) of all variables 

reaffirmed univariate and multivariate normality of the data. Missing data were found to be non-

systematic for constructs with more than 5% of cases with missing data. All analyses were 

conducted with and without missing data substitution (174 cases; substitution with the mean 

versus 116 complete cases) and similar results were found. The results reported below are based 

on the 116 complete data cases only. 

Insert Table 1 about here 
 

Table 1 presents the correlation matrix and descriptive statistics of the measures. The 

highest correlations are found between proficiency of dispersed collaboration and supportiveness 

of climate (0.468), proficiency of dispersed collaboration and front end of innovation 

performance (0.418), and supportiveness of climate and front end of innovation performance 

(0.423). As expected, there was some correlation among the predictors: proficiency of dispersed 
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collaboration, encouragement of communities of practice, and supportiveness of climate.  

However, the small to moderate magnitude (there are no correlations greater than 0.50) of the 

observed correlations suggests that these variables have a good deal of variance not held in 

common and therefore are not simply redundant measures. Multiple other indices indicated that 

multicollinearity was not a threat: there was no conditioning index greater than 30 for a given 

dimension coupled with variance proportions greater than 0.50 for at least two different 

variables; the smallest tolerance value encountered was 0.781, and the variance inflation factors 

in each regression model were all below two (Tabachnick and Fidell, 2007).  

Evaluation of the Threat of Common Method Variance and Non-Response Bias 

To evaluate the threat of common method variance, Harman’s one-factor test (Harman, 

1967, Podsakoff and Organ, 1986) was used. Harman’s one-factor test for common method 

variance brought up four factors, the same as the number of hypothesized constructs in the study, 

with eigenvalues greater than one. The first factor accounted for 33.3% of the variance. Then, a 

confirmatory one-factor model (McFarlin and Sweeney, 1992) was calculated. For the 

confirmatory factor analysis the larger dataset of 174 cases (of which 116 had complete data) in 

which missing data was substituted for the mean was used. The sample size is sufficient to do 

such analysis following Anderson and Gerbin’s (1988) recommendation of a sample size of at 

least 150. Five fit indices were employed: the chi-square index, chi-square difference test, the 

standardized root mean residual (SRMR, Hu and Bentler, 1999), the root mean square error of 

approximation (RMSEA, Browne and Cudeck, 1993), and comparative fit index (CFI, Hu and 

Bentler, 1999).  The confirmatory one-factor model showed poor goodness of fit (chi square = 

1245.26, p < 0.001, df = 170; chi-square difference test: chi square/df = 7.33 > 2; RMSEA = 

0.191 > 0.08; CFI = 0.786 < 0.95; SRMR = 0.137 > 0.08). Poor goodness of fit for this one-
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factor model helps to partially allay concerns about method variance (McFarlin and Sweeney, 

1992). Time trend extrapolation (Armstrong and Overton, 1977) was also used to evaluate non-

response bias by testing for mean differences between early and late respondents on all of the 

variables included in the hypotheses. There was no significant difference between the two data 

sets. 

Discriminant Validity 

The dimensionality of the model is assessed by conducting confirmatory factor analysis 

using LISREL 8.72 (Jöreskog and Sörbom, 2005) with the larger dataset of 174 cases (of which 

116 had complete data) in which missing data was substituted for the mean. Overall, the 

confirmatory factor analysis supports the hypothesized model (chi square = 325.29, p < 0.001, df 

= 164; chi-square difference test: chi square/df = 1.980 < 2; RMSEA = 0.075 < 0.08; CFI = 0.956 

> 0.95; SRMR = 0.068 < 0.08). Furthermore, a series of confirmatory factor analyses for any 

possible combination of constructs (excluding the controls) were conducted to test whether a 

two-factor model of their measures would fit better than a one-factor model (Bagozzi et al., 

1991). The chi-square for the constrained (one factor) model was always significantly higher 

than the chi-square for the unconstrained (two factor) model, supporting the hypothesized model. 

The average variance extracted was further compared with the squared covariances. Discriminant 

validity is demonstrated in this case because the squared covariance between two constructs is 

lower than the respective average variance extracted (Fornell and Larcker, 1981). 

Hypothesis Testing 

 Moderated multiple regression was used to test the hypotheses (Table 2). First, front end 

of innovation performance was regressed on the control variables of business unit size (in 

number of employees) and R&D intensity. Table 2 (step 1) shows that the control variables 
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explain 9.7% of the variance in front end of innovation performance (∆F = 6.045, p < 0.01). 

Adding proficiency of dispersed collaboration, the independent variable, in step 2 increases the 

explained variance in front end of innovation performance by 22% (∆F = 36.027, p < 0.001). 

Further, the moderators of supportiveness of climate and encouragement of communities of 

practice were added. These variables help to explain an additional 17.7% of the variance in front 

end of innovation performance (∆F = 19.171, p < 0.001). Finally, the interaction terms between 

the moderators and proficiency of dispersed collaboration explain another 5.1% (∆F = 5.995, p < 

0.01). The adjusted multiple coefficient of determination (adjusted R2) is 0.51.  

Insert Table 2 about here 
 

The control variables of business unit size (b = 0.257, p < 0.001) and R&D intensity (b = 

0.318, p < 0.001) are found to be highly significant. Therefore, in the analysis differences in 

business unit size and R&D intensity are controlled for and explain an additional 9.7% of the 

variance in front end of innovation performance, which would otherwise have been considered 

error variance. Hypothesis 1 predicts that the relationship between proficiency of dispersed 

collaboration and front end of innovation performance will be stronger, more positive when the 

business unit supports communities of practice. A significant interaction effect between 

encouragement of communities of practice and proficiency of dispersed collaboration (b = 0.181, 

p < 0.01) is found in the sample, supporting Hypothesis 1. Thus, communities of practice help 

business units with proficient dispersed collaboration to perform better in the front end of 

innovation. Hypothesis 2 predicts the relationship between proficiency of dispersed collaboration 

and front end of innovation performance will be stronger, more positive if the business unit 

provides a more supportive climate. There is no evidence in the sample for the moderating effect 

of supportiveness of climate (b = 0.043, ns) on the relation between proficiency of dispersed 
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collaboration and front end of innovation performance (Hypothesis 2). Thus supportiveness of 

the climate does not significantly influence the relation between proficiency of dispersed 

collaboration and front end of innovation performance in the sample. 

To gain further insight into the moderator effect between proficiency of dispersed 

collaboration and encouragement of communities of practice, the relation between proficiency of 

dispersed collaboration and front end of innovation performance was plotted for scores one 

standard deviation below and one standard deviation above the mean of proficiency of dispersed 

collaboration. This was plotted for low scores versus high scores on encouragement of 

communities of practice. The plot of the significant interaction (Aiken and West, 1991) of 

encouragement of communities of practice can be seen in Figure 2, plot A. In companies that 

score high on support for communities of practice, there is a stronger, positive relation between 

proficiency of dispersed collaboration and front end of innovation performance. In contrast, 

proficiency of dispersed collaboration is not related to front end of innovation performance in 

business units that score low on encouragement of communities of practice. This suggests that 

business units which do not support communities of practice are unable to reap the benefits from 

proficiency in dispersed collaboration because of a lack of tacit knowledge in the business unit. 

The plot for the non-significant interaction of supportiveness of the climate can be seen in Figure 

2, plot B. Business units strongly benefit from a favorable climate; but the supportiveness of the 

organizational climate does not moderate the relationship between proficiency of dispersed 

collaboration and front end of innovation performance. 

Insert Figure 2 about here 
 

DISCUSSION AND IMPLICATIONS 

Theoretical Implications  



 

29 
 

In this article it was hypothesized that the relation between proficiency of dispersed 

collaboration and front end of innovation performance would be augmented by supporting 

mechanisms that are believed to increase individual and collective tacit knowledge sharing like 

communities of practice and business unit climate. Figure 2 plot A shows that there is a 

significant contrast between the level of front end of innovation performance achieved in 

business units with proficient dispersed collaboration (one standard deviation above the mean) 

which support communities of practice compared to the level of front end of innovation 

performance in business units with equally proficient dispersed collaboration that do not support 

communities of practice. Actually, in business units which score low on support for communities 

of practice, there is no relationship between proficiency of dispersed collaboration and front end 

of innovation performance. Hence, increasing the proficiency of dispersed collaboration in the 

business unit by itself, is not associated with higher front end of innovation performance. 

Due to decontextualization (Cramton 2001; Townsend et al. 1998) and lack of collective 

tacit knowledge (Cook and Brown, 1999), front end of innovation members while engaging in 

dispersed collaboration must mainly rely on a cognitive approach to learning which enables 

explicit, but less so tacit knowledge transfer. In communities of practice, on the other hand, a 

situated approach to learning is applicable, enabling tacit knowledge transfer. This research 

shows that business units benefit from supporting communities of practice and increasing 

proficiency of dispersed collaboration simultaneously. As a consequence, just focusing on 

improving the proficiency of dispersed collaboration or the support of communities of practice 

will lead to suboptimal performance in the front end of innovation. The results also indicate the 

absence of a direct link between encouragement of communities of practice and front end of 
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innovation performance. Indeed, the business unit’s advantage lies in dynamically coordinating 

the knowledge produced by communities (Brown and Duguid, 2001), not in the knowledge itself. 

The hypothesized interaction effect between supportiveness of the climate and 

proficiency of dispersed collaboration is not supported by the data. This is contradictory to 

previous findings that social context moderates the effect of virtual interaction on team outcomes 

(Martins et al., 2004). Increasing group tacit knowledge and knowledge sharing behavior may be 

insufficient to elevate the amount of tacit knowledge available to employees significantly; which 

may require legitimate peripheral participation (Lave and Wenger, 1991) present in communities 

of practice instead. 

 Further, a strong direct effect of supportiveness of the business unit climate on front end 

of innovation performance was found. Figure 2, plot B shows that higher supportiveness of 

climate does not result in a stronger relationship between proficiency of dispersed collaboration 

and front end of innovation performance. However, higher supportiveness of climate does 

improve front end of innovation performance significantly in a direct manner. This study’s 

findings are consistent with other empirical studies on climate’s effects on innovation 

performance (e.g. Saffold, 1988, Siegel and Kaemmerer, 1978, Wei and Morgan, 2004) 

Managerial Implications  

This research shows that business units with more proficient dispersed collaboration and 

higher encouragement of communities have a higher impact on front end of innovation outcome 

than those that do not support communities of practice. For best results, managers must ascertain 

that their business units support existing and emerging communities of practice, which means 

giving employees the freedom to participate in such communities and making the funds available 

to maintain such communities. They must simultaneously ensure that employees are proficient in 
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dispersed collaboration i.e. adept when in locations significantly distant from each other, skillful 

with IT tools to overcome the communication issues imposed by this distance, and competent in 

developing projects despite cultural differences. This research also found strong support for the 

idea that an open climate favoring risk taking, trust, and open interaction positively influences 

front end of innovation activities. 
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FIGURE 1 
Hypotheses 

 

 
 

 
 

 
 
 

FIGURE 2 
Effects of Communities of Practice and Climate 

A: Plot of Proficiency of Dispersed collaboration 
and Encouragement of Communities of Practice 

for step 4 

B: Plot of Proficiency of Dispersed collaboration 
and Supportiveness of Climate for step 4 

 



 

 

TABLE 1 
Descriptive Statistics and Simple Correlationsa 

  Variable mean S.D. 1 2 3 4 5 6 

1 Business Unit Sizeb 1974
0 

4766
4       

2 R&D Intensityc 3.45 9.36 -0.293***      

3 Proficiency of Dispersed  
Collaboration 4.32 1.22 0.069 -0.064     

4 Encouragement of  
Communities of Practice 3.41 1.41 0.067 0.004 0.278***    

5 Supportiveness of Climate 4.71 1.05 0.023 0.043 0.468*** 0.188*   

6 Front end of innovation 
Performance 4.01 1.13 0.188* 0.179* 0.418*** 0.395*** 0.423***  

          

Skewness (skewness/standard error of skewness) 5.13 (24.76)d 5.03 (24.22)e -0.11 (-
0.58) 0.19 (1.05) -0.53 (-

2.91) 0.15 (0.80) 

Kurtosis (Kurtosis/standard error of kurtosis) 33.05 
(80.36)d 

32.53 
(78.82)e 

-0.24 (-
0.63) 

-0.64 (-
1.74) 0.38 (1.03) -0.44 (-

1.20) 
a  Listwise deletion, n = 116 
b Size measured as number of employees, correlations reported for ln (size) 
c R&D intensity measured as proportion of sales, correlations reported for ln (R&D intensity) 
d Skewness and kurtosis after logarithmic transformation are -0.12 (-0.60) and -0.28 (-0.68) respectively. 
e Skewness and kurtosis of R&D intensity after logarithmic transformation are 0.15 (0.74) and 0.11 (0.27) respectively. 
*** p ≤ 0.001; ** p ≤ 0.01; * p ≤ 0.05; two tailed tests 
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TABLE 2 
Results for Regression Analysisa of Proficiency of Dispersed collaboration on Front End of 

Innovation Performanceb 
 Front End of Innovation Performance 
Variables Step 1 Step 2 Step 3 Step 4 
Control     
Business Unit Size c (ln) 0.279** 0.252** 0.250*** 0.257*** 
R&D Intensityc (ln) 0.253* 0.291*** 0.269*** 0.318*** 
     
Independent Variable     
Proficiency of Dispersed 
Collaboration  0.436*** 0.209** 0.218** 

     
Moderators     
Encouragement of Communities of 
Practice   0.133* 0.055 

Supportiveness of Climate   0.452*** 0.449*** 
     
Interactions     
Proficiency of Dispersed 
Collaboration x Encouragement of 
Communities of Practice 

   0.181** 

Proficiency of Dispersed 
Collaboration x Supportiveness of 
Climate 

   0.043 

     
R² 0.097 0.317 0.493 0.544 
Adjusted R² 0.081 0.298 0.470 0.514 
F Value 6.045** 17.288*** 21.407*** 18.392** 
∆R² 0.097 0.220 0.177 0.051 
Degrees of Freedom 2/113 3/112 5/110 7/108 
a Unstandardized regression coefficients are shown 
b Performance as measured by the joint construct of competitive advantage and portfolio mix 
c Size measured as number of employees; R&D intensity measured as proportion of sales 
† p ≤ 0.10 
* p ≤ 0.05 
** p ≤ 0.01 
*** p ≤ 0.001 
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APPENDIX 1 
Major Survey Items 

 
Front End of Innovation Performance 
1. Our business unit is satisfied that our front end of innovation generates sustainable competitive 

advantage. 
2. Our business unit strategically manages and leverages our intellectual property. 
3. Our business unit uses tools and methods to anticipate the next wave of innovation. 
4. Our business unit is satisfied that our front end of innovation delivers our strategic objectives. 
5. Our business unit’s front end of innovation portfolio has an excellent balance across new product 

lines, new technology platforms, and new to the world products – long-term vs. short-term, high vs. 
low risk, and across markets & technologies. 

6. Our business unit’s front end of innovation portfolio mix is actively managed to ensure our strategy is 
delivered. 

 
Proficiency of Dispersed collaboration 
1. Our front end of innovation teams are proficient even when team members are in locations 

significantly distant from each other. 
2. Our front end of innovation teams are proficient in IT tools which allow them to proficiently 

communicate even when team members are significantly distant from each other. 
3. Our front end of innovation teams are competent in developing projects in multiple countries which 

are culturally different. 
 
Supportiveness of Climate 
1. Most people in our business unit trust each other, are open and honest, and count on each other for 

personal support. 
2. Most people in our business unit take the time to consider and test new ideas and ways of doing 

things. 
3. Most people in our business unit have fun doing work. There is a great deal of good-natured joking 

and laughter. 
4. Most people in our business unit do not set traps for each other or engage in territory struggles, 

gossip, and slander. 
5. New ideas are received in an attentive and professional way by supervisors, peers, and others. 
6. Most people in our business unit discuss and consider opposing opinions and a diversity of 

viewpoints. 
7. We actively encourage people to champion new ideas. 
 
Encouragement of Communities of Practice 
1. Our business unit encourages and supports communities of practice formed around key areas of 

interest. 
2. Each community of practice has a dedicated coordinator with a budget. 
3. Each community of practice coordinator has a formalized time commitment of at least 25 percent. 
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ENDNOTES 

i The respondent business units averaged $8.5 billion in annual sales revenue with 8.5% in annual R&D investment. 
These high values are due to the significant skewness (annual sales revenue: skewness = 5.48; skewness/SE of 
skewness = 26.62 > 3; R&D intensity: skewness = 3.99; skewness/SE of skewness = 21.38 > 3) of the respective 
data. Median values, in that case, are a better measure of central tendency.  
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