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Diversity is Strategy: The Effect of R&D Team Diversity on Innovative Performance 

Abstract 

Diversity in the workplace has attracted significant interest in organisations that want to 

attract and retain talented employees. Breakthrough innovation requires a wider knowledge 

base and organisations increasingly rely on multidisciplinary R&D teams to identify scientific 

developments that bridge gaps and reduce time to market. However, research on the 

performance implications of R&D team diversity remains limited and the empirical evidence 

inconsistent. This paper investigates the impact of surface and deep-level diversity on R&D 

デW;ﾏゲげ innovative performance and how diversity dimensions interact to drive innovation. 

We find supportive evidence that R&D team characteristics influence innovation outcomes, 

confirming our hypothesising that diversity is a valuable strategy for an organisation to 

pursue as it provides greater cognitive ability. Each diversity facet however has its own 

distinct effects depending on the novelty of innovation and industry. Yet, diversity is not 

solely positive and excessive heterogeneity could be detrimental to R&D team performance. 

Our findings suggest that high diversity in gender or skills in cognitively diverse teams might 

be negative attributes to take into consideration. Senior managers and organisations should 

therefore consider the appropriate mix of capabilities to benefit from creativity in diverse 

R&D teams and avoid possible conflict and distrust associated with diversity. 
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1. Introduction 

Dｷ┗Wヴゲｷデ┞ ｷゲ ﾗaデWﾐ SWゲIヴｷHWS ;ゲ ; けデ┘ﾗ-WSｪWS ゲ┘ﾗヴSげ (Horwitz and Horwitz, 2007) or a mixed 

blessing (Wｷﾉﾉｷ;ﾏゲ ;ﾐS Oげ‘Wｷﾉﾉ┞が ヱΓΓΒ) for its contradictory influence on organisational 

outcomes. Teams with diverse backgrounds bring together a wider spectrum of task-

relevant knowledge, experience and perspectives that are distinct and non-redundant (van 

Knippenberg et al., 2004), which can be combined in new ways, leading to positive cognitive 

effects (Page, 2007). Research even suggests that group heterogeneity is more important 

than individual ability (e.g., Hong and Page, 2004). On the other hand, diversity can reduce 

team performance by negatively affecting cohesion, decision-making quality and members 

commitment to the group (Goodstein et al., 1994, Mintzberg, 1983). 

Tｴｷゲ ヮ;ヮWヴ W┝;ﾏｷﾐWゲ デｴW け┗;ﾉ┌W ｷﾐ Sｷ┗Wヴゲｷデ┞げ ｴ┞ヮﾗデｴWゲｷゲ (Cox et al., 1991) in innovation, an 

area still largely underdeveloped in organisational innovation research (Van der Vegt and 

Janssen, 2003, Talke et al., 2010). Despite a dramatic increase in the organisational use of 

multidisciplinary teams for innovation, our understanding of the influence of diversity in 

ｷﾐﾐﾗ┗;デｷﾗﾐ デW;ﾏゲげ ヮヴﾗIWゲゲWゲ ;ﾐS ﾗ┌デIﾗﾏWゲ ヴWﾏ;ｷﾐゲ ﾉｷﾏｷデWS ;ﾐS デｴW WﾏヮｷヴｷI;ﾉ W┗ｷSWﾐIW 

inconsistent (Roberge and van Dick, 2010). This study aims to address this research gap by 

differentiating among types of diversity (i.e., gender, skills and education diversity に facets 

of surface and deep-level diversity) and investigating their main effects on innovation 

performance, hypothesising that the value in R&D team diversity emergWゲ aヴﾗﾏ ｷﾐSｷ┗ｷS┌;ﾉゲげ 

unique attributes that bring different task-relevant knowledge and perspectives to the 

group (van Knippenberg et al., 2004). Groups that consider a wider range of possible 

alternatives generate more creative, novel solutions (Sutton, 2007). Further, we examine 

how diversity dimensions interact to drive innovation, responding to calls for a more holistic 

view of the overall potential influence of different facets of diversity (Shore et al., 2009). 

This paper contributes to the literature in several distinct ways. First, it makes a theoretical 

contribution to organisational innovation research by considering the influence of multiple 

dimensions of diversity on innovation novelty - incremental and radical innovation. Downs 

and Mohr (1976) challenged the idea of a single theory of innovation and argued that each 

form of innovation could be explained by different predictive variables. Simons et al. (1999) 

demonstrate the utility of treating diversity as a multifaceted construct whose different 
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facets interact with team processes to shape organisational performance in different ways. 

Second, we contribute to human capital diversity and innovation research by considering 

the interaction effects between diversity criteria and the resulting impact on innovative 

ヮWヴaﾗヴﾏ;ﾐIWく F;┌ﾉデﾉｷﾐW ヴWゲW;ヴIｴ ゲｴﾗ┘ゲ ｴﾗ┘ ｷﾐIﾉ┌Sｷﾐｪ ｷﾐSｷ┗ｷS┌;ﾉゲげ ﾏ┌ﾉデｷヮﾉW Sｷ┗Wヴゲｷデ┞ 

characteristics provides greater explanatory power regarding the overall influence of 

diversity on team performance (Lau and Murnighan, 2005). Third, we contend that the 

industry context can condition the effect of group diversity on performance (Joshi and Roh, 

2009). Human resources and employees skills are key strategic assets in service innovation 

(Gallouj and Weinstein, 1997) compared to formalised R&D activities in manufacturing 

industries (Castellacci, 2008). Hence, we argue that due to differences in innovation 

processes and tasks, the dynamics of R&D team diversity may differ depending on the 

industry setting. 

The rest of the paper is structured as follows. Section 2 establishes the theoretical 

framework and presents the research hypotheses. Section 3 details the research design and 

methods and Section 4 presents the results of the empirical test. In Section 5, we discuss 

our main findings and elaborate on their theoretical and managerial implications and 

present a future research agenda on R&D team diversity, which takes into account the 

ゲデ┌S┞げゲ ﾉｷﾏｷデ;デｷﾗﾐゲく 

2. Theoretical Background and Hypotheses 

2.1. R&D Teams Diversity in Innovation 

Diversity studies have examined group heterogeneity from two different theoretical 

perspectives: surface and deep-level diversity (Jackson et al., 1995). Harrison et al. (1998, 

p.97) defined surface-level Sｷ┗Wヴゲｷデ┞ ;ゲ けSｷaaWヴWﾐIWゲ ;ﾏﾗﾐｪ ｪヴﾗ┌ヮ ﾏWﾏHWヴゲ ｷﾐ ﾗ┗Wヴデが 

HｷﾗﾉﾗｪｷI;ﾉ Iｴ;ヴ;IデWヴｷゲデｷIゲ デｴ;デ ;ヴW デ┞ヮｷI;ﾉﾉ┞ ヴWaﾉWIデWS ｷﾐ ヮｴ┞ゲｷI;ﾉ aW;デ┌ヴWゲげく Groups are kept 

together by the perceived similarities or dissimilarities ﾗa デｴWｷヴ ﾏWﾏHWヴゲげ SWﾏﾗｪヴ;ヮｴｷI 

characteristics (e.g., age, gender, and race/ethnicity) (Tajfel, 1978). Surface-level diversity, 

however, generates an instant sense of dissimilarity among team members, which preclude 

them from forming closer relationships (Mehra et al., 1998, Gibbons and Olk, 2003) and is 

likely to hamper social interaction and communication (Jehn et al., 1999). 
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Deep-level diversity refers to differences among group ﾏWﾏHWヴゲげ ヮゲ┞IｴﾗﾉﾗｪｷI;ﾉ 

characteristics, such as cognitive abilities, attitudes, values, knowledge and skills (Harrison 

et al., 2002). These attributes take time to manifest themselves as team members need 

clues from their interactions with each other to become aware of them. Compared to 

homogeneous groups, cognitively diverse teams are superior with regard to the 

prerequisites to innovation: greater absorptive capabilities to integrate new knowledge and 

apply it to generate new ideas (Cohen and Levinthal, 1990); higher requisite variety so they 

can refer to their internal knowledge and expertise to solve problems (Nonaka and 

Takeuchi, 1995), and higher network variety to access an external diverse knowledge pool 

(Katz and Tushman, 1979). Further, cognitively diverse groups are less prone to groupthink 

(Janis, 1972). 

A key question in innovation studies is how to maintain cohesion in cognitively diverse 

groups. In contrast to theories of social categorization (Turner et al., 1987), the 

interpersonal congruence approach (Ely and Thomas, 2001) suggests that team members 

can achieve harmonious and effective work processes by expressing rather than suppressing 

the attributes that make them unique. Trying to address this contradiction, Bernthal and 

Insko (1993) distinguish between social-emotional and task-oriented cohesion and argue 

that that the latter can offset the former by promoting a strong analytical orientation in 

information gathering and analysis, greater task focus, and higher attraction to work in 

group tasks. This paper investigates the impact of surface and deep-level diversity on 

innovative performance. In addition, interaction phenomena of diversity variables are 

considered to determine the overall effects of having social categorically diverse yet 

informational heterogeneous R&D teams. Our hypothesised model is depicted in Figure 1. 

2.2. Gender Diversity 

The diversity literature offers inconsistent results regarding the relationship between 

gender diversity and performance outcomes. Some scholars have reported that gender-

heterogeneous groups tend to exhibit increased conflict, low cohesion and increased 

turnover (Milliken and Martins, 1996). Such findings have often been explained by social 

identity theory in combination with self-categorisation theory (Turner et al., 1987). These 

theories suggest that greater diversity in salient, demographic features, such as gender, 
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causes group members to employ divisive categorisations that often yield negative 

consequences. On the other hand, several scholars have found that gender diversity 

promotes innovation, creativity (Østergaard et al., 2011, Díaz-García et al., 2013, Fernández 

Sastre, 2015), and productivity (Wood, 1987), with no evidence for increased conflict 

(Oげ‘Wｷﾉﾉ┞ Wデ ;ﾉくが ヱΓΓΒ, Pelled et al., 1999). Such positive effects of diversity have often been 

explained in terms of the value-in-diversity hypothesis (Cox et al., 1991), which argues that 

differences among group members result in increased information availability, perspectives, 

knowledge and skills (Ely and Thomas, 2001, Jehn et al., 1999). With respect to gender 

diversity, in particular, diversity studies refer to the superior performance of mixed teams 

resulting from different thinking styles and behavioural modes that can complement each 

other in R&D projects (Fenwick and Neal, 2001, Faems and Subramanian, 2013). 

The management literature observes that having women within teams improves soft 

management skills and decision making processes, and enhances creativity and innovation 

(Bagshaw, 2004, Dessler, 2001, Egan, 2005). Women usually differ in experience and career 

trajectories from their male counterparts (Daily et al., 2003), but rather than equating to 

less experience, it suggests highly diverse human and social capital backgrounds, which 

might contribute to enhanced performance (Singh et al., 2008). Further, gender diversity 

ﾏ;┞ ;ﾉゲﾗ ｷﾏヮヴﾗ┗W デｴW デW;ﾏげゲ W┝デWヴﾐ;ﾉ ヴWﾉ;デｷﾗﾐゲｴｷヮゲが ;ﾉﾉﾗ┘ｷﾐｪ ｪヴﾗ┌ヮ ﾏWﾏHWヴゲ デﾗ ;Iケ┌ｷヴW 

knowledge and ideas through collaborations with external groups (Joshi and Jackson, 2003), 

leading to greater innovation capabilities. Therefore, we hypothesise:  

H1: Gender diversity is positively associated to (a) incremental and (b) radical innovation 

performance. 

2.3. Skills Diversity  

Skills diversity refers to the portfolio of researchers, technicians and supporting staff in R&D 

teams (OECD, 2002). Skills diversity usually emerges from dealing with different issues and 

facing diverse sets of conditions, resulting in better abilities to find, integrate and use new 

knowledge and later developmental opportunities (Yang et al., 2009, Østergaard et al., 

2011). It also affects how problems are formulated and what types of solutions are 

generated (Sollner, 2010). Since innovation is an iterative process (Lundvall, 1988), which 

requires diverse knowledge bases among those involved in creativity and innovation, 
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knowledge diversity should generally positively affect firm innovation performance (Dunbar, 

1995, Dunbar, 1997). Innovation studies show that R&D teams gain significant personal 

experience from interactions among team members with different knowledge bases and 

skill sets (Chandrasekaran and Linderman, 2015), increasing デW;ﾏ ﾏWﾏHWヴゲげ ;Hｷﾉｷデ┞ デﾗ 

engage in complex, non-routine tasks (Lin, 2014). Hence, we expect skills diversity to be 

positively related to a firmげゲ ヮヴﾗヮWﾐゲｷデ┞ デﾗ ｷﾐﾐﾗ┗;デWく 

H2: Skills diversity is positively associated to (a) incremental and (b) radical innovation 

performance.  

2.4. Education Diversity 

Similarly to other types of knowledge diversity, diversity studies have shown inconclusive 

results regarding the impact of education diversity on performance outcomes. By using their 

interpersonal dissimilarities, educationally diverse teams are better prepared to solve 

complex problems because the internal pool of knowledge available to them and the 

integration of different perspectives and opinions, encouraging inspiring discussions, mutual 

learning, and more novel, creative solutions (Jackson and Joshi, 2004, Faems and 

Subramanian, 2013). Similarly, Cohen and Levinthal (1990) ;ヴｪ┌W デｴ;デ ｷﾐSｷ┗ｷS┌;ﾉゲげ absorptive 

capacity and problem-solving ability are likely to increase with variety in knowledge 

structures based on their educational background. Research has reported the influence of 

education diversity in situations where teams engage in complex cognitive tasks with 

multiple possible solutions (Jackson, 1996, Milliken and Martins, 1996). However, according 

to social identity theory, education diversity is likely to increase the communication and 

coordination costs of integrating available knowledge or coordinating the innovation 

process (Dahlin et al., 2005, Wittenbaum and Stasser, 1996). 

Bolli et al. (2015) argue that the benefits of stimulating creativity and the costs of 

coordination and communication from high cognitive distances might differ along the 

innovation process. Several scholars suggest that the creativity benefits are more relevant 

for the generation of new knowledge or the invention of new products while coordination 

and communication costs become more important in commercialisation and marketing 

activities (e.g., Atuahene-Gima and Evangelista, 2000). We hypothesise that education 
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diversity broadens and deepens the cognitive and mental maps of R&D teams, leading to 

superior innovative performance. 

H3: Education diversity is positively associated to (a) incremental and (b) radical innovation 

performance. 

2.5. Interaction effects between surface and deep-level diversity 

Researchers argue that considering single diversity criteria only provides limited insight on 

デｴW ｷﾐaﾉ┌WﾐIW ﾗa Sｷ┗Wヴゲｷデ┞ ﾗﾐ ‘わD デW;ﾏゲげ ヮWヴaﾗヴﾏ;ﾐIW and have called for more complex 

theoretical conceptualizations of diversity (Harrison and Klein, 2007, van Knippenberg and 

Schippers, 2007). The central premise of alignment theories is that multiple characteristics 

of individual differences are likely to be salient at the same time, and their influence must 

therefore be considered simultaneously (Bezrukova et al., 2007). Lau and Murnighan (1998) 

ｷﾐデヴﾗS┌IWS デｴW ｪヴﾗ┌ヮ けa;┌ﾉデﾉｷﾐWげ IﾗﾐIWヮデ デﾗ SWゲIヴｷHW デｴW Iﾗﾐaｷｪ┌ヴ;デｷﾗﾐ ﾗa デW;ﾏゲ ﾏWﾏHWヴゲげ 

demographic attributes. The more highly correlated team member attributes are, the 

stronger faultlines will be, increasing the likelihood that homogenous subgroups will 

develop (Lau and Murnighan, 2005, Pelled et al., 1999). Empirical studies have shown that 

groups with strong faultlines are more likely to experience a variety of negative 

consequences, including greater conflict and decreased performance (for a review of group 

faultlines refer to Thatcher and Patel, 2012, Thatcher and Patel, 2011). Increasingly, 

however, faultline scholars acknowledge that faultlines may not necessarily negatively affect 

team functioning (e.g., Bezrukova et al., 2009, Molleman, 2005). 

Diverse R&D teams are built to provide high task cohesion and are characterized by 

heterogeneous knowledge, skills, abilities, and attitudes (Bowers et al., 2000). Thus, 

informational and social category attributes co-occur in members and thus in groups (Jehn 

et al., 2008). Faultline theorising proposes differential effects of particular types of 

faultlines; however, most empirical studies have focused on the consequences of strength 

of faultlines in general (e.g., Lau and Murnighan, 2005, Rico et al., 2012). In the present 

study, we account for the multiple faultlines that may be present within R&D teams and 

evaluate the differential effects on firm innovation performance. 
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Grounded on the cognitive resource perspective, we hypothesise that task-related diversity 

(education and skills diversity) positively impacts group performance since members can 

access a wider array of opinions, skills and perspectives (Horwitz and Horwitz, 2007). Group 

members in informational diverse groups will engage in debates about divergent view 

points and discuss their disagreements over group tasks, which stimulates task conflict (Jehn 

et al., 1997). T;ゲﾆ IﾗﾐaﾉｷIデ ｷゲ IﾗﾐゲｷSWヴWS ;ﾐ ｷﾏヮﾗヴデ;ﾐデ Sヴｷ┗Wヴ ﾗa デW;ﾏゲげ IヴW;デｷ┗ｷデ┞ ;ﾐS 

innovative behaviour (Woodman et al., 1993). Task-related faultlines may operate as 

けｴW;ﾉデｴ┞ Sｷ┗ｷSWゲげ デｴ;デ ゲデｷﾏ┌ﾉ;デW WaaWIデｷ┗W SWIｷゲｷﾗﾐ-making processes and improve group 

performance (Gibson and Vermeulen, 2003) H┞ ┌デｷﾉｷゲｷﾐｪ ﾏWﾏHWヴゲげ Iﾗｪﾐｷデｷ┗W ヴWゲﾗ┌ヴIWゲく 

Information-based subgroups may function as cohesive groups of individuals whose shared 

knowledge and expertise facilitates receiving support from each other. As a results, groups 

may more readily express opinions and share knowledge with members of other subgroups 

(Nemeth and Goncalo, 2005); such exchanges encourage creativity and healthy debate 

(Bezrukova et al., 2009, Carton and Cummings, 2012, Gibson and Vermeulen, 2003), 

promoting team learning and performance (Gibson and Vermeulen, 2003, van Knippenberg 

et al., 2004). Thus, we argue that the interaction of information diversity dimensions is 

positively related to innovation performance. 

H4: Skills diversity positively moderates the relationship between R&D te;ﾏ ﾏWﾏHWヴゲげ 

education diversity and innovative performance. The positive association between education 

diversity and innovative performance increases as skills diversity increases. 

Faultlines are highly context dependent and ﾏｷｪｴデ HW HWﾐWaｷIｷ;ﾉ ┌ﾐSWヴ デｴW けヴｷｪｴデげ conditions 

(Wｷﾉﾉｷ;ﾏゲ ;ﾐS Oげ‘Wｷﾉﾉ┞が ヱΓΓΒ). Social-category faultlines may not always elicit intergroup bias 

to the same extent; some contexts may reduce the salience of social identities and help 

alleviate the problems associated with faultlines (Jehn and Bezrukova., 2010). Innovation 

involves tasks requiring frequent inter-group interactions where R&D teams benefit and 

value differing viewpoints, backgrounds, and insights. We argue that the innovation context 

favours social integration and is less conducive to social categorization, in-group bias, and 

intergroup conflict (Gonzalez and DeNisi, 2009). Gender diversity improves the results of 

interactive decisions (Fenwick and Neal, 2001), broadens the perspective, and contributes to 

better social relations and an open work climate and debate (Nielsen and Huse, 2010a, 
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Nielsen and Huse, 2010b). Hence, innovation provides a context in which demographic 

faultlinWゲ I;ﾐ HW ; けｴW;ﾉデｴ┞ Sｷ┗ｷSWげ (Gibson and Vermeulen, 2003, Iseke et al., 2015). 

H5: Gender diversity positively moderates the relationship between R&D デW;ﾏ ﾏWﾏHWヴゲげ 

education diversity and innovative performance. The positive association between education 

diversity and innovative performance increases as gender diversity increases. 

H6: Gender diversity positively moderates the relationship between R&D tW;ﾏ ﾏWﾏHWヴゲげ 

skills diversity and innovative performance. The positive association between skills diversity 

and innovative performance increases as gender diversity increases. 

Insert Figure 1 here 

3. Methodology 

3.1. Data and Sample 

The data for the quantitative analysis has been drawn from the Technological Innovation 

Panel (PITEC), which is a statistical instrument for studying innovation activities of Spanish 

companies over time. The database contains panel data for more than 12,000 firms since 

2003 and offers key advantages to the study of diversity in R&D teams compared, for 

instance, to the CIS survey where diversity is not covered. First, it contains detailed 

ｷﾐaﾗヴﾏ;デｷﾗﾐ ﾗﾐ aｷヴﾏゲげ ‘わD ;Iデｷ┗ｷデｷWゲ ;ﾐS ﾏﾗヴW ｷﾏヮﾗヴデ;ﾐデﾉ┞ Iﾉ;ゲゲｷaｷWゲ ‘わD ゲデ;aa ｷﾐ デWヴﾏゲ ﾗa 

gender, education and skills, all critical variables to diversity research. Secondly, PITEC is 

designed as a panel data survey so we overcome estimation problems related to the 

simultaneity between innovation inputs and outputs, by lagging independent variables 

(Mairesse and Mohnen, 2010). Lagged-variable models have superior predictive validity, 

especially when measuring innovation outcomes (Bradley et al., 2010, Laursen and Salter, 

2006). In addition, it mitigates common method bias concerns since the time occurrence of 

predictors is well defined before outcomes are observed (Podsakoff et al., 2003). 

The study was conducted using information on aｷヴﾏゲげ ｷﾐﾐﾗ┗;デｷﾗﾐ ;Iデｷ┗ｷデｷWゲ ;ﾐS Wﾏヮﾉﾗ┞ﾏWﾐデ 

characteristics for the years 2005-2012, including both manufacturing and service firms 

since the literature reports industry differences in terms of innovation processes and tasks 

(e.g., Sirilli and Evangelista, 1998, Evangelista, 2000). For the purpose of the present 
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research, the dataset was confined to companies with a positive expenditure in internal 

R&D for at least one year during the studied period2. Table 1 shows the main features of the 

sample. 

Insert Table 1 here 

3.2. Measures 

3.2.1. Dependent variable 

Innovative performance is the dependent variable of the model measured as the percentage 

of デｴW aｷヴﾏげゲ デﾗデ;ﾉ ゲ;ﾉWゲ from innovations (Hitt et al., 1996). Consistent with CIS-based 

studies (e.g., Laursen and Salter, 2006, Sofka and Grimpe, 2010), we distinguish between 

incremental and radical innovation depending on their newness to the company or the 

market place. Radical innovation ｷゲ ﾏW;ゲ┌ヴWS ;ゲ デｴW ヮWヴIWﾐデ;ｪW ﾗa デｴW aｷヴﾏげゲ デﾗデ;ﾉ ゲ;ﾉWゲ 

from innovations new to the market in the last 2 years. Incremental innovation is defined as 

デｴW ヮWヴIWﾐデ;ｪW ﾗa デｴW aｷヴﾏげゲ デﾗデ;ﾉ ゲ;ﾉWゲ aヴﾗﾏ ｷﾐﾐﾗ┗;デｷﾗﾐゲ ﾐW┘ デﾗ the firm in the last 2 years. 

This lag ensures that sufficient time has elapsed since the introduction of innovations and 

their performance evaluation (Langerak et al., 2008). Past studies have shown that this self-

report subjective performance measure is reliable and correlates highly with other objective 

indicators of innovation performance (Hagedoorn and Cloodt, 2003). 

3.2.2. Independent variables 

R&D team diversity is defined as the distribution of differences among R&D team members 

of the firm with respect to a common attribute (Harrison and Klein, 2007). In line with team 

diversity studies using categorical diversity attributes, we ┌ゲW Bﾉ;┌げゲ (1977) index of 

heterogeneity: 

 

where k represents the total number of categories of a variable, and pi is the proportion of 

R&D team members who fall in category k. The minimum value of 0 occurs when all R&D 

                                                           
2
 R&D employment data is only available for internal R&D performers. 
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team members fall within the same category and there is no variety (e.g., all R&D team 

members are female). The greater the distribution of characteristics across categories, the 

higher the diversity index is. 

We included three diversity measures: gender, skills and education. Since there are only two 

gender categories (male and female), Bla┌げゲ ｪWﾐSWヴ Sｷ┗Wヴゲｷデ┞ ｷﾐSW┝ I;ﾐ take on values 

ranging from 0 (when a R&D team is dominated by a single gender) to 0.5 (when there is a 

balanced number of men and women in the R&D team). The categorisation of skills was 

based on three different job functions related to the expertise of R&D team members: 1) 

researchers, 2) technicians, and 3) supporting staff (OECD, 2002)く Bﾉ;┌げゲ ｷﾐSW┝ aﾗヴ skills 

diversity can vary from 0 (when there is only one skills area represented in the R&D team) to 

0.68 (when there is an equal number of R&D members across all three skills areas). We 

structured education into four categories: 1) PhD, 2) Bachelor, 3) Secondary education, and 

ヴぶ ﾗデｴWヴ ゲデ┌SｷWゲ ふｷくWくが ┗ﾗI;デｷﾗﾐ;ﾉ デヴ;ｷﾐｷﾐｪが WデIくぶく Iﾐ デｴｷゲ I;ゲWが Bﾉ;┌げゲ ｷﾐSW┝ ┗;ヴｷWゲ aヴﾗﾏ 0 (when 

all R&D team members fall within the same educational level) to 0.75 (when there are equal 

numbers of R&D team members across all educational levels). 

3.2.3. Control variables 

Firm size has been related to innovation capabilities and the novelty of innovations (Ettlie 

and Rubenstein, 1993, Chandy and Tellis, 2000, 1998). To account for the non-normality of 

the size measure, a logarithm transformation was used (Damanpour, 1992). In addition, we 

account for non-linear effects of firm size by computing firm size squared (Acs and 

Audretsch, 1991, 1990). 

R&D team size: the literature in work groups notes that team size is a key variable 

influencing group dynamics and performance (Pelled et al., 1999, Sethi et al., 2001). Large 

teams have more potential for heterogeneity and this can affect the type of innovation 

developed by the company (López Cabrales et al., 2008). R&D team size is measured by (the 

natural logarithm of) the number of full-time employees in the R&D department. We 

account for non-linear effects of R&D team size by computing the squared term. As team 

size grows, the complexity of the communication structure between members increases 
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dramatically (Zenger and Lawrence, 1989) leading to greater coordination costs (Hoegl, 

2005). 

Innovation Intensity is defined as the innovation expenditure share of sales (de Faria et al., 

2010). Innovation expenditure includes internal and external R&D, acquisition of machinery 

and acquisition of knowledge for innovation, training for innovation and preparation of the 

market for the introduction of innovations. Further, we account for a non-linear relationship 

between innovation intensity and innovative performance by computing the squared term. 

The impact of innovation intensity on innovative performance decreases when firms 

proportionally allocate more resources to innovation due to the difficulties to integrate and 

apply excessive knowledge as greater information and control systems are required (Dyer 

and Singh, 1998). 

Technology Intensity: aｷヴﾏゲげ innovation behaviour is related to their industry affiliation 

(Audretsch, 1997, Malerba et al., 1997); hence we controlled for industry effects following 

the OECD classification of industries in terms of technology intensity and knowledge 

intensity (OECD, 2005). We created four industry dummies to identify manufacturing firms 

belonging to high-tech, medium-high, medium-low and low-tech industry; and two dummy 

variables for service industries: knowledge-intensive business and low knowledge-intensive 

business services. We used the high-tech industry as the baseline for manufacturing models 

and the knowledge-intensive services for service models. 

Year effects: we used firm-level innovation performance data from 2005 to 2012; hence 

eight year dummies variables were included to control unobserved factors that change over 

time but remain relatively constant across industries.  

3.3. Method and data analysis 

To test that all three diversity criteria show an adequate level of heterogeneity and are 

comparable in their level of diversity, we normalised our diversity indices on a 0 to 1 metric 

scale by dividing them by their respective operational maximum (Spickermann et al., 2014). 

Table 2 indicates that our sample shows comparably adequate diversity across the three 

dimensions included in the study. 

Insert Table 2 here 
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Table 3 provides the descriptive statistics of each of the variables. Correlation values among 

all variables are generally low to moderate, suggesting low collinearity risks. The highest 

correlation is 0.55, far less than the problematic level (0.75) (Tsui et al., 1995). This is 

confirmed by the analysis of Variance of Inflation (Vif). The maximum Vif value is 1.58, well 

below the rule of thumb cut-off of 10, which again indicates that there were no serious 

multicollinearity problems in the models (Neter et al., 1996). 

As predicted, the correlation matrix shows that incremental innovation is significantly 

correlated with gender (r= .05, p <.01), skills (r= .05, p <.01), and education diversity (r= .06, 

p <.01). However, radical innovation is significantly correlated with gender (r= .02, p <.01), 

and education diversity (r= .01, p <.01), but not with skills diversity (r= .01, ns). Faultline 

research shows that the alignment of diversity characteristics would result in the formation 

of subgroups (Lau and Murnighan, 2005). Hence, the correlations of the various diversity 

dimensions included in this study might account for certain interactions between the 

individual measures concerning innovation output estimates.  

Insert Table 3 here 

We use Tobit regression models to test the main effects of diversity facets on innovative 

performance (H1 to H3). The dependent variables (radical and incremental innovation 

performance) are percentage measures and thereby conditioned on values between 0% and 

100%. Since the distribution of radical and incremental innovation is highly skewed to the 

left, the assumption of a normal distribution of the residuals made in a Tobit analysis is 

violated (significance of Shapiro-Wilk test of 0.000 for both dependent variables). Thus, we 

use the logarithmic transformation of the Tobit model (Filippucci et al., 1996, Papalia and Di 

Iorio, 2001). In addition, we lagged all explanatory and control variables (except for industry 

dummies which do not vary across panel waves) by one period, consistent with the survey 

implementation rhythm, to avoid simultaneity and reverse causality problems (Mairesse and 

Mohnen, 2010). This reduced our sample to an unbalanced panel of seven years and 35,107 

observations. 

To test the interaction effects (H4 to H6), we used hierarchical regression analysis (Frazier et 

al., 2004). To prevent multicollinearity problems between the main effects and the 

interaction effects, all diversity measures were mean-centered before calculating the 
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interaction terms (Aiken and West, 1991), and subsequently checked to ensure that all Vif 

values were below 10 (Neter et al., 1996). The Tobit regression models show an overall 

adequate level of validity according to various  statistics commonly used for interpretation 

(Hair et al., 2010): highly significant model chi-squares; further, the smaller values of the 

Akaike information criterion (AIC) and the Bayesian information criterion (BIC) in models 

compared with each previous model suggest that the relative goodness of fit in each model 

improved significantly on the previous one. The Tobit regression models were estimated 

using STATA 13. 

4. Results 

4.1. Main Effects of Diversity on Innovative Performance 

Models 1 and 7 (manufacturing に Table 4) and Models 13 and 19 (service に Table 5) present 

the effects of the control variables. R&D team size has a significant and positive effect on 

the likelihood of introducing both radical and incremental innovation; however the 

quadratic effect is negative indicating that additional increases in R&D team size will reduce 

the probability of additional radical and incremental innovations. Innovation intensity has a 

significant and positive effect on radical innovation, as expected, since radical innovation 

embodies new knowledge so greater innovation support is required; however the quadratic 

effect is negative indicating that additional increases in innovation expenditure will reduce 

the probability of radical innovation. Firm size also has a significant and positive effect on 

innovative performance for all models but Model 19; the quadratic effect is negative for 

incremental innovation suggesting that although larger firms tend to introduce more 

incremental innovations than smaller firms, the oversize can generate monitoring costs and 

management problems that decrease the probability of introducing incremental and radical 

innovations. 

Models 2 and 8 (manufacturing に Table 4) and Models 14 and 20 (service に Table 5) tested 

H1 (gender), H2 (skills) and H3 (education), that diversity variables are positively associated 

to incremental and radical innovation performance. A diverse gender composition of R&D 

teams is positively associated with radical (manufacturing and service) and incremental 

(manufacturing) innovation. Hence, H1 is largely accepted. Skills diversity influences radical 

(manufacturing) and incremental (manufacturing and service) innovation. Thus, H2 is largely 
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accepted. Diversity in education exhibits the same impacts as gender diversity; however, it 

holds the strongest effect of all diversity measures for radical innovation. Consequently, H3 

is largely accepted. These findings corroborate our premise that diversity is a 

multidimensional construct that impacts innovative performance differently depending on 

the novelty of innovation and industry context. In manufacturing sectors, both surface and 

deep-level diversity positively impacts performance outcomes although education and skills 

;デデヴｷH┌デWゲ デｴ;デ aﾗヴﾏ ; デW;ﾏげゲ Iﾗｪﾐｷデｷ┗W ヴWゲﾗ┌ヴIW H;ゲW ｴ;┗W デｴW ゲデヴﾗﾐｪWゲデ WaaWIデ ﾗﾐ ヴ;SｷI;ﾉ 

innovation. In contrast, diversity has a more limited impact in the service sector with distinct 

impacts depending on the novelty of innovation. 

4.2. Moderation Effects 

H4 predicts that skills diversity positively moderates the education diversity-innovative 

performance link. Contrary to our hypothesised relationship, the interaction term for skills 

diversity x education diversity is significant but negative for all models but Model 10 (radical 

manufacturing innovation). A simple slope analysis (Aiken and West, 1991, Dawson, 2014) 

shows that, at low levels of R&D team skills diversity, there is a significantly positive 

relationship between educational diversity and incremental innovation (manufacturing: é 

=0.315, p<0.05; service: é =0.380, p<0.05), while at high levels of skills diversity, the 

relationship between educational diversity and incremental innovation is not statistically 

significant (manufacturing: é = -.046, n.s.; service: é = - .144, n.s.) (Figures 2a and 2b). The 

differences between the slopes were significant (manufacturing: t value = -2.90, p <0.05; 

service: t value = -2.81; p<0.05). Regarding radical innovation in the service sector, Figure 2c 

shows that the positive effect of R&D team education diversity on radical innovation 

increases more slowly as skills diversity increases. This result indicates that skills diversity 

weakens the positive effect of education diversity. The difference between the slopes was 

significant (t value = -2.31, p <0.05).  

The interaction term for gender x education diversity (H5) is also significantly negative for 

radical manufacturing innovation (Model 9 in Table 4, é= -.352, p <0.1), further the main 

effect is positive (Model 7 in Table 4, é = .132, p< 0.05). In service firms, gender diversity 

negatively moderates the effect of education diversity on incremental innovation (Model 15 

in Table 5, é = -. 808, p < 0.05), which remains consistent in the full model (Model 18, é = -. 
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681, p < 0.05). It should be noted that the main effect of gender diversity is not significant 

(Model 13 in Table 5, é = .149, p>.10). Figure 3a shows that the positive effect of 

educational diversity on radical manufacturing innovation increases more slowly when 

gender diversity increases. The difference between the slopes was significant (t value = -

2.27, p <0.05). For service firms, at high levels of gender diversity, the relationship between 

educational diversity and incremental innovation is not significant (é= -. 173, n.s.) whereas 

at low levels of gender diversity, the relationship is positive and significant (é= .479, p < 

.005) (Figure 3b). The difference between the slopes was significant (t value = -3.63, p 

<0.001). Consequently, H5 is not supported.  

We found similar results for the interaction term for gender x skills diversity (H6). Figure 4a 

shows a negative moderating effect for radical manufacturing innovation with a positive 

relationship between R&D team skills diversity and radical innovation for low levels of 

gender diversity (é Э ヰくンΒヱが ヮ а くヰヰヱぶ ┘ｴWヴW;ゲ デｴW ヴWﾉ;デｷﾗﾐゲｴｷヮ ｷゲ ﾐﾗデ ゲデ;デｷゲデｷI;ﾉﾉ┞ significant 

for high levels of ｪWﾐSWヴ Sｷ┗Wヴゲｷデ┞ ふé Э くヰヰヰΑが ﾐくゲくぶく TｴW SｷaaWヴWﾐIW HWデ┘WWﾐ デｴW ゲﾉﾗヮWゲ ┘;ゲ 

significant (t value = -2.28, p <0.05). For service firms (Figure 4b), at high levels of gender 

diversity, the relationship between skills diversity and incremental innovation is not 

ゲｷｪﾐｷaｷI;ﾐデ ふé= .040, n.s.) whereas at low levels of gender diversity, the relationship is 

ヮﾗゲｷデｷ┗W ;ﾐS ゲｷｪﾐｷaｷI;ﾐデ ふé= .474, p < .001). The difference between the slopes was 

significant (t value = -1.79, p <0.1). Hence, H6 is not supported. Taken together, these 

findings indicate that increasing levels of gender diversity lead to the formation of 

homogeneous subgroups in R&D teams, creating as a result social barriers and constituting 

a principal impediment to group cohesion (Blau, 1977). When group cohesion is 

undermined, group performance suffers. 

4.3. Robustness checks 

Several robustness checks have been carried out to assess the sensitivity of the results to 

changes in model specifications. We estimated our model using OLS and Poisson regression 

and the results were consistent. Additionally, we applied an Ordered Probit model similar to 

Henkel (2006) where the dependent variable I;ﾐ デ;ﾆW ┗;ﾉ┌Wゲ HWデ┘WWﾐ ヱ ;ﾐS ヵ ふけヱげ indicates 

that the share lies in the first quartile (0にヲヰХぶが けヲげ HWデ┘WWﾐ ヲヱに40%, etc.). This model 

specification allows for a non-linear dependence of the share of sales from radical and 
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incremental innovation on the explanatory variables inside the interval (0%に100%]. The 

results were highly robust to these changes in specification. 

Insert Tables 4 and 5 here 

Insert Figures 2, 3 and 4 here 

5. Discussion and conclusions 

Our aim in this research has been to add to our understanding of the performance effects of 

R&D team composition. The multiple and often contradictory group dynamics that emerge 

in heterogeneous teams present organisations with major challenges (Post et al., 2009). 

Specifically, we hoped to demonstrate the significance of the specific context/task in which 

different facets of diversity impact R&D team processes and outcomes (Haas, 2010). 

Further, we provide support to the call for a more holistic view of the overall influence of 

team heterogeneity on innovativeness (Shore et al., 2009). 

We find supportive evidence that R&D team composition influence innovative performance; 

however, the effect of diversity differs in terms of the dimension considered and the novelty 

of innovation (López Cabrales et al., 2008). Further, our findings show different impacts for 

manufacturing and service industries, supporting the view that these sectors differ 

fundamentally in innovation processes and tasks, which, in turn, affect their human 

resource practices (Jackson and Schuler, 1995, Joshi and Roh, 2009). In manufacturing firms, 

both surface and deep-level diversity positively impacts performance outcomes whereas 

diversity has a more limited impact in the service sector with distinct impacts depending on 

the novelty of innovation. 

Our results show positive effects of information diversity on innovative performance. 

Sharing, processing and integration of diverse opinions and approaches to problem solving 

ﾗﾐ デｴW H;ゲｷゲ ﾗa ‘わD デW;ﾏ ﾏWﾏHWヴゲげ ﾗ┘ﾐ ;ヴea of expertise and background positively 

impact innovation novelty. Findings suggest that though diversity (i.e., variety of education 

and skills) (Post et al., 2009) in R&D teams has the strongest effect on radical innovation, in 

particular education diversity, whereas gender diversity is more relevant for incremental 

innovation in manufacturing firms. These results correspond with Jehn et al. (1999), who 
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reported a positive relationship between information diversity and team performance in 

high complex tasks. 

Despite recent theorising that faultlines, and specially task-related faultlines might enhance 

creativity (e.g., Nishii and Goncalo, 2008, Bezrukova and Uparna, 2009), our moderation 

results suggest that excessive diversity could lead to less than desirable outcomes in R&D 

デW;ﾏゲく ‘わD デW;ﾏ ﾏWﾏHWヴゲげ WS┌I;デｷﾗﾐ ｷゲ デｷｪｴデﾉ┞ ﾉｷﾐﾆWS デﾗ デｴWｷヴ ｪWﾐSWヴ ;ﾐS ゲﾆｷﾉﾉゲが ﾉW;Sｷﾐｪ デﾗ 

the formation of subgroups created by aligned characteristics (Gibson and Vermeulen, 

2003). As subcategories develop within R&D teams, group cohesion is undermined and 

group performance suffers (Faems and Subramanian, 2013). ‘わD デW;ﾏ ﾏWﾏHWヴゲげ ﾗヮWﾐ 

expression of their distinctive perspectives and expertise might generate conflict and 

distrust among R&D team, affecting team performance.  

5.1. Contributions and Managerial Implications 

Extending prior diversity research (e.g., Jackson and Joshi, 2004) and consistent with a 

growing body of evidence from research on group faultline (e.g., Bezrukova et al., 2009, 

Gibson and Vermeulen, 2003), this papers enhances our understanding of the performance 

implications of R&D team diversity by considering multiple diversity facets simultaneously 

(Lau and Murnighan, 1998). The fragmentation effects from increasing diversity underscore 

the importance of going beyond merely increasing R&D team diversity to focusing how 

surface-level and deep-level diversity facets interact and how diversity can be managed to 

avoid possible conflict and distrust.  

Our study provides managers with valuable insights on how diversity can be used as a 

valuable human capital to foster creativity and innovation. R&D team configuration is within 

the control of the firm, as such, firms have the flexibility and discretion to encourage or 

discourage diversity (Auh and Menguc, 2005). Overall, all three diversity facets positively 

impact firm innovation performance, confirming our hypothesising that diversity is a 

valuable strategy as it provides greater cognitive diversity. Innovativeness is enhanced when 

R&D team members exhibit a heterogeneous profile; however, the influence of each 

diversity facet varies depending on the novelty of innovation and industry. Hence, careful 

consideration should be given to the appropriate mix of capabilities rather than the absolute 

level of capabilities. 
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Interaction effects in particular suggest that too much heterogeneity could be detrimental 

to firm innovation performance. Diversity-oriented HRM practices can capitalise on the 

benefits from diverse R&D teams by reducing the potential for misunderstanding and 

conflict. Training and facilitation in conflict resolution and negotiation would enable R&D 

team members to integrate diversity of perspectives and information into the group 

(Ancona and Caldwell, 1992). Training team members to understand the perspective of 

others helps group formation (Williams et al., 2007). Beyond individual interventions, HRM 

practices should also focus on systems and processes, including organisational rewards for 

team collective performance, which might help mitigate surface-level differences and 

encourage greater cooperation (Harrison et al., 2002, Swanson and Holton, 2009). 

5.2. Limitations and Future Research 

We acknowledge several limitations in our paper and suggest related opportunities for 

future research. First, this paper examines the influence of diversity in R&D teams on 

innovative performance. Future diversity studies should expand beyond R&D teams to 

consider heterogeneity related to various dimensions and levels within the firms, including 

interactions with top management in innovation processes (Harrison et al., 1998). Second, 

ﾗ┌ヴ aｷﾐSｷﾐｪゲ ゲ┌ｪｪWゲデ デｴ;デ ‘わD デW;ﾏゲげ WS┌I;デｷﾗﾐ Sｷ┗Wヴゲｷデ┞ ｷゲ デｷｪｴデﾉ┞ Iﾗ┌ヮﾉWS ┘ｷデｴ ｪWﾐSWヴ ;ﾐS 

skills diversity, with a resulting detrimental impact on team performance. Future research 

should therefore seek to expand our research by investigating the moderating role of R&D 

organisational capabilities (i.e., processes, roles and systems) to leverage diversity as a 

strategic resources to foster innovation and creativity. Third, future studies should explore 

the potential curvilinear relationship between R&D team diversity and performance 

outcomes to better understand the complexities surrounding team diversity (Horwitz and 

Horwitz, 2007). Fourth, our data does not capture information on how R&D teams are 

structured. Different R&D structures (i.e., centralised vs autonomous R&D teams linked to 

SBUs) might activate or inhibit certain group faultlines resulting in different R&D team 

performance. Finally, we use data from Spain, where R&D team diversity is rather limited, 

particularly regarding female participation in science and technology (Mauleón and 

Bordons, 2014, Bordons et al., 2009). Hence, our data does not exhibit an equal distribution 

of firms across all diversity variables. Evidence from other countries on the differential 

effect of group heterogeneity on innovative performance might help to develop more 
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general empirical evidence. Specifically, future studies should consider the influence of 

country-specific dimensions (i.e., culture, institutions), in innovation performance in cross-

country studies. 
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Table 1. Samples descriptive statistics 

Variables  Characteristics Manufacturing firms Service firms 

  % % 

Gender  Male 74.2 69.8 
 Female 25.8 30.2 
Education  PhD 5.1 8.1 
 Bachelor 42.7 56.7 
 Secondary education 22.8 19.8 
 Other studies 29.4 15.4 
Skills Researchers 43.1 51.5 
 Technicians 42.5 41.6 
 Supporting staff 14.4 6.9 
Number of employees (size) Less than 50 44.2 61.9 
 Between 50-99 20 11.3 
 Between 100-449 28.7 16.9 
 500 or more 7.1 9.9 
R&D team size  Less than 5 members 47.7 43.8 
 Between 5-19 members 39.6 36.9 
 Between 20-39 members 7.4 9.5 
 40 or more 5.3 9.8 

 

Table 2. Standardised divWヴゲｷデ┞ ｷﾐSｷIWゲ ふBﾉ;┌げゲ ｷﾐSW┝ ﾗa heterogeneity)  

 Full sample Manufacturing firms Service firms 

Gender 0.46 0.42 0.52 

Skills 0.51 0.52 0.43 

Education 0.49 0.55 0.44 

 

 

Table 3. Means, Standard Deviations and Correlation Coefficients 

Variable Mean S.D. 1 2 3 4 5 6 7 8 

1. Radica Innovation 13.99 25.78 1        
2. Increm Innovation  40.44 42.96 -0.16** 1       
3. Gender 0.23 0.20 0.02** 0.05** 1      
4. Education 0.37 0.24 0.02** 0.06** 0.25** 1     
5. Skills 0.34 0.23 0.01 0.05** 0.21** 0.55** 1    
6. Firm Size (Ln) 4.10 1.56 -0.07** 0.08** 0.21** 0.22** 0.15** 1   
7. R&D team Size (Ln) 1.29 1.37 0.11** 0.08** 0.37** 0.42** 0.35** 0.49** 1  
8. Inn intensity 0.18 0.52 0.12** -0.04** 0.09** 0.02** -0.01 -0.24** 0.16** 1 

Vif   1.42 1.43 1.40 1.29 1.30 1.27 1.22 1.35 

*p < 0.05, ** p < 0.01 

S.D, standard deviation; Vif, Variance Inflation Factor 
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Table 4 に Results of Tobit regression analysis: effect of diversity on firm innovation performance (manufacturing firms) 

  Incremental innovation   Radical  innovation 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6  Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
 B(S.E) B(S.E) B(S.E) B(S.E) B(S.E) B(S.E)  B(S.E) B(S.E) B(S.E) B(S.E) B(S.E) B(S.E) 

R&D Team Diversity              

H1: Gender 
 0.335*** 

(0.063) 

0.335*** 
(0.063) 

0.323*** 
(0.063) 

0.337*** 
(0.063) 

0.323*** 
(0.063) 

  0.132** 

(0.064) 

0.135** 
(0.064) 

0.124* 
(0.064) 

0.143** 
(0.064) 

0.137** 
(0.064) 

H2: Skills 
 0.291** 

(0.087) 

0.291** 
(0.087) 

0.251*** 
(0.088) 

0.287*** 
(0.087) 

0.255** 
(0.089) 

  0.213** 

(0.088) 

0.194** 
(0.088) 

0.186** 
(0.089) 

0.194** 
(0.089) 

0.178** 
(0.089) 

H3: Education 
 0.183* 

(0.094) 

0.184* 
(0.095) 

0.134* 
(0.097) 

0.178* 
(0.096) 

0.136 
(0.097) 

  0.561*** 

(0.096) 

0.544*** 
(0.096) 

0.525*** 
(0.098) 

0.531*** 
(0.097) 

0.513*** 
(0.098) 

Moderating effects               

H4: Skills x Education  
   -0.543** 

(0.235) 
 -0.583** 

(0.249) 
    -0.389 

(0.238) 
 -0.211 

(0.253) 

H5: Gender x Education  
  0.012 

(0.192) 
  0.154 

(0.228) 
   -0.352* 

(0.195) 
  -0.105 

(0.232) 

H6: Gender x Skills 
    -0.089 

(0.182) 
-0.028 
(0.220) 

     -0.464** 

(0.185) 
-0.361 
(0.224) 

Control variables              

Firm Size 
0.322*** 

(0.031) 
0.252*** 

(0.032) 
0.252*** 

(0.032) 
0.248** 
(0.032) 

0.251*** 
(0.032) 

0.249** 
(0.032) 

 0.062* 
(0.031) 

-0.019 
(0.033) 

-0.023 
(0.033) 

-0.022 
(0.033) 

-0.023 
(0.033) 

-0.025 
(0.033) 

Firm SizeSq 
-0.164*** 

(0.019) 
-0.141*** 

(0.019) 
-0.141*** 

(0.019) 
-0.140*** 

(0.019) 
-0.141*** 

(0.019) 
-0.141*** 

(0.019) 
 0.014 

(0.018) 
0.041** 
(0.019) 

0.043** 
(0.019) 

0.042** 
(0.019) 

0.043** 
(0.019) 

0.043** 
(0.019) 

R&D team Size 
0.178*** 

(0.041) 
0.129** 
(0.041) 

0.129** 
(0.041) 

0.135** 
(0.041 

0.163*** 
(0.051) 

0.168** 
(0.052) 

 0.346*** 
(0.040) 

0.296*** 
(0.040) 

0.299*** 
(0.040) 

0.300*** 
(0.040) 

0.378*** 
(0.051) 

0.381*** 
(0.051) 

R&D team SizeSq 
-0.007** 
(0.002) 

-0.005** 
(0.002) 

-0.005** 
(0.002) 

-0.006** 
(0.002) 

-0.009** 
(0.004) 

-0.009** 
(0.003) 

 -0.012*** 
(0.002) 

-0.010*** 
(0.002) 

-0.010*** 
(0.002) 

-0.010*** 
(0.002) 

-0.017*** 
(0.003) 

-0.017*** 
(0.003) 

Innovation intensity 
0.213 

(0.205) 
0.004 

(0.205) 
0.004 

(0.205) 
-0.001 
(0.205) 

0.002 
(0.205) 

0.002 
(0.205) 

 0.428*** 
(0.040) 

0.384*** 
(0.001) 

1.821*** 
(0.196) 

1.827*** 
(0.195) 

1.819*** 
(0.196) 

1.817*** 
(0.196) 

Innovation intensitySq 
-0.073* 
(0.042) 

-0.401 
(0.042) 

-0.040 
(0.042) 

-0.039 
(0.042) 

-0.039 
(0.042) 

-0.039 
(0.042) 

 -0.014*** 
(0.001) 

-0.012*** 
(0.001) 

-0.267*** 
(0.038) 

-0.268*** 
(0.038) 

-0.273*** 
(0.038) 

-0.267*** 
(0.038) 

Intercept 
0.845*** 

(0.086) 
0.448*** 

(0.100) 
0.845*** 

(0.088) 
0.880*** 

(0.089) 
0.872*** 
(0.087) 

0.904*** 
(0.089) 

 -0.100 
(0.087) 

-0.580*** 
(0.102) 

-0.190** 
(0.089) 

-0.176** 
(0.090) 

-0.132 
(0.088) 

-0.118 
(0.089) 

Log-likelihood -38222.10 -38184.69 -38184.68 -38182.026 -38184.57 -38181.77  -33973.29 -33928.08 -33926.46 -33926.75 -33924.95 -33924.45 

‐ヲ 4532.92*** 4607.74*** 4607.74*** 4613.07*** 4607.98*** 4613.58***  488.72*** 579.15*** 582.39*** 581.81*** 585.40*** 586.41*** 
AIC 76478.2 76409.38 76411.38 76406.05 76411.14 76409.54  67980.6 67896.16 67894.92 67895.51 67891.91 67894.9 
BIC 76614.51 76569.74 76579.75 76574.43 76579.52 76593.95  68116.9 68056.52 68063.3 68063.88 68060.29 68079.32 

*p < 0.1, **p < 0.05, ***p < 0.001.  

Note: S.E., standard error; Year and sector dummy variables were included in the analysis but results are omitted here. 
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Table 5 に Results of Tobit regression analysis: effect of diversity on firm innovative performance (service firms) 

 Incremental innovation    Radical innovation 

 Model 13 Model 14 Model 15 Model 16 Model 17 Model 18  Model 19 Model 20 Model 21 Model 22 Model 23 Model 24 

 B(S.E) B(S.E) B(S.E) B(S.E) B(S.E) B(S.E)  B(S.E) B(S.E) B(S.E) B(S.E) B(S.E) B(S.E) 

R&D Team Diversity              

H1: Gender 
 0.149 

(0.100) 
0.118 

(0.101) 
0.129 

(0.101) 
0.145 

(0.100) 
0.108 

(0.101) 
  0.217** 

(0.092) 
0.219** 
(0.092) 

0.202** 
(0.092) 

0.216** 
(0.092) 

0.210** 
(0.093) 

H2: Skills 
 0.257** 

(0.130) 
0.224* 
(0.131) 

0.268** 
(0.130) 

0.257** 
(0.131) 

0.238* 
(0.131) 

  0.061 
(0.119) 

0.064 
(0.119) 

0.072 
(0.119) 

0.062 
(0.119) 

0.084 
(0.119) 

H3: Education 
 0.159 

(0.137) 
0.152 

(0.137) 
0.117 

(0.139) 
0.132 

(0.138) 
0.121 

(0.139) 
  0.521*** 

(0.126) 
0.522*** 

(0.126) 
0.490*** 
(0.127) 

0.513*** 
(0.126) 

0.482*** 
(0.128) 

Moderating effects               

H4: Skills x Education  
   -0.776** 

(0.370) 
 -0.572 

(0.385) 
    -0.584* 

(0.338) 
 -0.588* 

(0.352) 

H5: Gender x Education  
  -0.808** 

(0.285) 
  -0.681** 

(0.342) 
   0.073 

(0.261) 
  0.279 

(0.314) 

H6: Gender x Skills 
    -0.536* 

(0.274) 
-0.064 
(0.333) 

     -0.164 
(0.50) 

-0.195 
(0.305) 

Control variables              

Firm Size 
0.178*** 
(0.037) 

0.148*** 
(0.038) 

0.143*** 
(0.038) 

0.144*** 
(0.038) 

0.126*** 
(0.036) 

0.125*** 
(0.037) 

 -0.050 
(0.033) 

-0.098** 
(0.034) 

--0.097** 
(0.035) 

-0.101** 
(0.035) 

-0.105** 
(0.033) 

-0.107*** 
(0.034) 

Firm SizeSq 
-0.062*** 

(0.015) 
-0.051** 
(0.015) 

-0.050*** 
(0.015) 

-0.051** 
(0.015) 

-0.051*** 
(0.015) 

-0.049** 
(0.015) 

 -0.032** 
(0.013) 

-0.016 
(0.014) 

-0.016 
(0.014) 

-0.015 
(0.014) 

-0.016 
(0.014) 

-0.015 
(0.014) 

R&D team Size 
0.142*** 
(0.037) 

0.125** 
(0.037) 

0.134*** 
(0.037) 

0.128** 
(0.037) 

0.130*** 
(0.038) 

0.136*** 
(0.037) 

 0.323*** 
(0.033) 

0.296*** 
(0.338) 

0.295*** 
(0.033) 

0.298*** 
(0.033) 

0.298*** 
(0.034) 

0.297*** 
(0.033) 

R&D team SizeSq 
-0.004** 
(0.001) 

-0.004 
(0.001) 

-0.004** 
(0.001) 

-0.004** 
(0.001) 

-0.004*** 
(0.001) 

-0.004** 
(0.001) 

 -0.008*** 
(0.001) 

-0.007*** 
(0.001) 

-0.007*** 
(0.001) 

-0.007*** 
(0.001) 

-0.007*** 
(0.001) 

-0.007*** 
(0.001) 

Innovation intensity 
-0.036 
(0.120) 

-0.119 
(0.122) 

-0.104 
(0.122) 

-0.109 
(0.122) 

-0.112 
(0.122) 

-0.098 
(0.122) 

 0.854*** 
(0.108) 

0.734*** 
(0.109) 

0.733*** 
(0.110) 

0.741*** 
(0.110) 

0.737*** 
(0.110) 

0.739*** 
(0.110) 

Innovation intensitySq 
-0.019 
(0.023) 

-0.007 
(0.023) 

-0.009 
(0.023) 

-0.008 
(0.023) 

-0.008 
(0.023) 

-0.010 
(0.023) 

 -0.128*** 
(0.021) 

-0.110*** 
(0.021) 

-0.111*** 
(0.021) 

-0.112*** 
(0.021) 

-0.111*** 
(0.021) 

-0.112*** 
(0.021) 

Intercept 
-0.121** 
(0.099) 

-0.367** 
(0.120) 

-0.096 
(0.099) 

-0.068 
(0.100) 

-0.083 
(0.099) 

-0.046 
(0.101) 

 -0.535*** 
(0.091) 

-0.889*** 
(0.111) 

-0.521*** 
(0.091) 

-0.489*** 
(0.093) 

-0.535*** 
(0.062) 

-0.508*** 
(0.094) 

Log-likelihood -20865.23 -20858.14 -20854.12 -20855.94 -20856.22 -20852.91  -19662.52 -19644.13 -19644.09 -19642.64 -19643.92 -19642.23 

‐ヲ 1887.30*** 1901.48*** 1909.51*** 1905.87*** 1905.32*** 1911.94***  480.46*** 517.25*** 517.33*** 520.22*** 517.68*** 521.06*** 
AIC 41760.47 41752.28 41746.25 41749.9 41750.45 41747.82  39355.05 39324.27 39326.19 39323.29 39325.84 39326.46 
BIC 41872.08 41886.21 41887.62 41891.27 41891.82 41904.07  39466.66 39458.2 39467.56 39464.66 39467.21 39482.71 

*p < 0.1, **p < 0.05, ***p < 0.001.  

Note: S.E., standard error; Year and sector dummy variables were included in the analysis but results are omitted here. 
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Figure 1. Research Framework 
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Figure 2. Moderating role of skills diversity on the education diversity-innovation performance 

relationship 

 

a) Incremental manufacturing innovation    b) Incremental service innovation 

 

 

c) Radical service innovation 
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Figure 3. Moderating role of gender diversity on the education diversity-innovation performance 

relationship 

 

a) Radical manufacturing innovation     b) Incremental service innovation 

 

 

 

Figure 4. Moderating role of gender diversity on the skills diversity-innovation performance 

relationship 

 

a) Radical manufacturing innovation     b) Incremental service innovation 

 




