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Abstract 

Researchers have suggested that some personality traits are associated with better team 

functioning when team members are homogeneous, whereas other personality traits improve 

team functioning when team members are heterogeneous. This article extends these ideas to team 

innovation and examines (a) how team variance in extraversion, agreeableness, openness, and 

conscientiousness relates to innovation in teams, and (b) how these relationships dynamically 

evolve over time. Our study included 704 surveys completed by 243 team members in 32 teams, 

at three time points. Results revealed that teams with less variance in extraversion showed higher 

levels of team innovation. For agreeableness and openness, we did not find main effects of team 

heterogeneity on team innovation. For teams with low heterogeneity in agreeableness, however, 

team innovation decreased over time. Team variance in conscientiousness was negatively 

associated with team innovation. Our findings provide support that team personality plays a role 

for innovation. 
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Linking Personality Trait Variance in Self-Managed Teams to Team Innovation 

Teams are a vital part of modern organizations, and organizations seek to understand why 

some teams function well and others do not (Kozlowski & Ilgen, 2006). One important 

characteristic of teams that has increasingly received attention in the research literature is the 

personality of its members (Barrick, Stewart, Neubert, & Mount, 1998; Halfhill, Sundstrom, 

Lahner, Calderone, & Nielsen, 2005). An influential theoretical idea on personality team 

composition is that not only the team average of a team personality trait is important, but also the 

degree of homogeneity/heterogeneity of the team members on that trait (Gonzalez-Mulé et al., 

2014; Mohammed & Angell, 2003). The underlying idea is that heterogeneity in a team leads to 

better team functioning for some personality characteristics because heterogeneity in personality 

characteristics creates varying approaches to do things and a broader range of team member 

behaviors that ultimately help the team (S. T. Bell, 2007; Humphrey, Hollenbeck, Meyer, & 

Ilgen, 2007). For other team member characteristics, researchers have suggested that it is most 

useful for a team when team members are homogeneous, based on the idea that a uniform or 

strong climate in a group can lead to a more coherent unit that works better together (Bliese & 

Britt, 2001; Schneider, Salvaggio, & Subirats, 2002).  

The aim of this article is to contribute to the literature on personality team composition by 

studying the effects of team personality variability on team innovation in a longitudinal study. 

Our study specifically advances research on team personality in two ways. First, we expand the 

criterion domain and focus on team innovation. Team innovation includes developing new ideas, 

adjusting to change, initiating change, and implementing new ideas and changes (Anderson, De 

Dreu, & Nijstad, 2004; Anderson, Potočnik, & Zhou, 2014). The innovation literature suggests 

that innovation is predicted by different personality predictors than performance (Potočnik, 

Anderson, & Latorre, 2012). Building on this earlier work, we suggest that innovation in teams 
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typically requires more intense direct and controversial team interaction. We propose that this 

need for additional social exchange makes it particularly likely that team innovation is affected 

by team personality composition.  

Our second contribution is the fact that we do not only study static but also temporal 

change in the team personality composition/team innovation relationship. We specifically test the 

idea that team personality variability is more important in later stages of the lifecycle of a project 

team than in earlier stages. As Ployhart and Kim (2013) recently noted, a temporal perspective 

can provide novel insights as certain variables may only influence the outcome during certain 

stages of a longitudinal study. In line with this idea, there is initial evidence that effects of 

personality team composition only develop after a considerable amount of time has passed and 

team members have taken over specific work tasks and roles within the team (Stewart, Fulmer, & 

Barrick, 2005). Adopting a temporal perspective is also in line with recent theoretical work on 

innovation suggesting that innovative behavior is not stable and typically dynamically changes 

over time (Chen, Bliese, & Mathieu, 2005; van Knippenberg, 2017). 

Team Innovation 

Organizational researchers increasingly view innovation as essential and important for 

organizational long-term success (Anderson et al., 2004; van Knippenberg, 2017). A now widely 

adopted definition of innovation was suggested by West and Farr (1990) who described 

innovation as: “the intentional introduction and application within a role, group or organization of 

ideas, processes, products or procedures, new to the relevant unit of adoption, designed to 

significantly benefit the individual, the group, the organization or wider society” (p. 9). One 

important element of this definition is that an application component is necessary for innovation 

that goes beyond having new ideas. This application component makes innovation different from 

creativity that does not include the implementation of (new) ideas (Anderson et al., 2004).  
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A second element of this definition is that it describes innovation in a broad context that 

can include more traditional innovation research focused on patents and products, but also entails 

innovation in procedures and processes (e.g., in the administration of organizations; Crossan & 

Apaydin, 2010). In line with this part of the definition, a considerable number of studies has 

focused on innovations in organizational procedures and processes (e.g. Anderson et al., 

2004;Welbourne, Johnson, & Erez, 1998; Zacher & Rosing, 2015). In this context, innovation has 

for instance been defined as perceptions of innovative effectiveness (Pearce & Ensley, 2004) or 

described as a work role (Potočnik & Anderson, 2016; West, 1987). In this study, we focused on 

the latter definition. The innovation-as-a-work-role conceptualization views innovation as a core 

part of the job requirements for most jobs that employees try to fulfill (West, 2002). An 

advantage of this conceptualization is that it generalizes across jobs and organizations and has 

been relatively well researched (Welbourne et al., 1998). For instance, one study has found that 

role-based innovation predicts whether employees suggest novel solutions over a period of one 

year and innovation-related individual bonus payments (Welbourne et al., 1998). 

A third element of West and Farr’s definition is that innovation can be conceptualized at 

different organizational levels. Most research on innovation focuses on the individual level, but 

researchers have suggested that innovation is equally or even more important at the team and 

organizational level (Potočnik & Anderson, 2016; van Knippenberg, 2017). Organizational 

researchers have long suggested that findings from the individual level rarely generalize to the 

team level (Chen et al., 2005). Team-level innovation is particularly relevant because innovation 

and development work in organizations increasingly occurs in teams (Bantel & Jackson, 1989; 

Ilgen, Hollenbeck, Johnson, & Jundt, 2005; van Knippenberg, 2017). The motivation for the 

increasing use of teams in organizations is typically that teams make the use of diverse expertise 

possible because they can gather ideas of several diverse members, combine the information, and 
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build on it jointly (Brown, Tumeo, Larey, & Paulus, 1998). Yet, team work is not always 

successful and one potential reason is that the team members do not get along with each other 

because of personality differences (Hackman, 1998; Kozlowski & Ilgen, 2006). A deeper 

understanding of personality predictors of successful innovation in team contexts could therefore 

be helpful for organizations. To our knowledge, there is no research that has systematically 

linked personality traits and variance in personality traits in teams to innovation in team 

environments. In the next section, we develop specific hypotheses on the relationship between 

team composition in personality and team innovation. 

Team Variance in Personality and Team Innovation 

Extent research on team composition has largely focused on team variability or dispersion 

and has operationalized team personality variability as the standard deviation of the personality 

trait in the team. This approach is not only in line with earlier work on team personality 

variability, but also with the broader organizational literature on group- and organization-level 

constructs (Chan, 1998; Schneider et al., 2002). In developing our hypotheses, we focused on 

four traits: extraversion, agreeableness, conscientiousness, and openness. Our focus on 

extraversion, agreeableness, and conscientiousness is because earlier theoretical (Humphrey et 

al., 2007) and empirical (Mohammed & Angell, 2003) work on team variability has largely 

studied these traits and found some support of their relevance for team interactions. We also 

included openness because this trait is frequently discussed in the innovation literature (e.g., Baer 

& Oldham, 2006; George & Zhou, 2001; Madrid, Patterson, Birdi, Leiva, & Kausel, 2014). We 

did not develop theoretical predictions for emotional stability, because earlier research did not 

suggest any relationships between team emotional stability and innovation (Mathisen, Martinsen, 

& Einarsen, 2008). Earlier work also suggests that effects of team emotional stability typically 

only appear over long periods of time (Deuling, Denissen, van Zalk, Meeus, & van Aken, 2011; 
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Mathieu, Tannenbaum, Donsbach, & Alliger, 2014) that exceed the six weeks covered in the 

present study.  

Team Extraversion Variance and Team Innovation 

Extraversion is typically interpreted as a personality trait that captures reactions to social 

situation; several researchers have suggested that extraversion is particularly relevant in team 

contexts (Barry & Stewart, 1997; Mohammed & Angell, 2004; Morgeson, Reider, & Campion, 

2005). One idea in the literature is that extraversion in teams will generally lead to a more 

positive atmosphere and better communication (S. T. Bell, Brown, Colaneri, & Outland, 2018). 

However, extraversion is also a trait that entails social dominance (McCrae & Costa, 1989). 

Based on the idea that extraversion includes dominance, researchers have suggested that 

heterogeneity in extraversion in self-managed teams may be beneficial for team functioning 

because a team with dominant and less dominant members may result in better task delegation 

and working through tasks efficiently (Humphrey et al., 2007; Mohammed & Angell, 2003). 

While some researchers found that people feel more satisfied with the interaction if the 

interaction partner differs from them in terms of dominance (Sadler, Ethier, & Woody, 2011; 

Shechtman & Horowitz, 2006), other studies found that differences in team extraversion make 

social interactions more difficult in a dyadic or team context (Bono, Boles, Judge, & Lauver, 

2002; Cuperman & Ickes, 2009). Researchers have studied this idea for performance as an 

outcome variable. However, findings in the literature on the team extraversion 

heterogeneity/performance relationship are somewhat mixed. A larger study with self-managed 

teams (Humphrey, Hollenbeck, Meyer, & Ilgen, 2011) did not find effects of heterogeneity in 

extraversion on performance or team effectiveness. The meta-analysis by S.T. Bell (2007) 

showed a moderate effect of extraversion on performance, but the effects varied across samples.  
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The theoretical arguments for team performance are likely to not generalize to team 

innovation. Communication and interaction are typically a crucial part of the team development 

process so that variance in extraversion likely has disadvantages for innovation in teams. 

Specifically, the tendency of the extraverted team members to talk more and dominate the 

conversation in the group (Humphrey et al., 2007) likely has negative consequences for team 

innovation. For instance, extraverted team members may share more ideas and introverted team 

members may stop talking altogether. As a result, opinions and perspectives of less extraverted 

team members may not be fully heard, and the team as a whole cannot profit from their 

perspectives and ideas. In addition, introverted team members may not buy into the new mission 

of the team because they do not really change their opinion. As a result, a silent conflict (Perlow 

& Repenning, 2009) may develop in the team in the sense that introverted members disagree with 

group decisions but do not actively participate in group interactions. These ideas are in line with 

Cuperman and Ickes (2009) who found that similar levels of extraversion affect interaction in 

dyads positively. Research also suggests that team members are typically cautious to share 

radical and particularly innovative ideas in team contexts (see e.g., Asch, 1956; Janis, 1991) and 

a team with high extraversion variance may make this even less likely for the introverted 

members so that team innovation suffers. These ideas are in line with a study by Bono and 

colleagues (2002) who found that two-person teams with a higher difference in extraversion 

between the two members had more conflicts with each other. In summary, we suggest a negative 

relation between variance in extraversion in teams and team innovation. 

H1a: Team variance in extraversion is negatively related to team innovation. 

Team Agreeableness Variance and Team Innovation 

Agreeableness is a personality trait that captures the degree to which individuals are 

perceived as kind, sympathetic, cooperative, warm, and considerate. People low in agreeableness 
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are typically described as hard, unforgiving, and headstrong but also as more successful in 

advancing their ideas and opinions in organizations (Hunter & Cushenbery, 2015). Team 

members who are low in agreeableness may be more willing to choose ideas that do not go along 

with usual social norms and will likely have the courage to enforce these new ideas in the group. 

This idea is also supported by a meta-analysis (Feist, 1998) showing that characteristics like 

hostility and arrogance are associated with more individual innovative achievement. Group 

members with low agreeableness are thus likely to be more successful in getting their ideas heard 

and making sure that their ideas are utilized by their group (Hunter & Cushenbery, 2015).  

At the team level, the effect of agreeableness and more specifically the role of team 

agreeableness variability is less clear. Baer, Oldham, Jacobsohn, and Hollingshead (2008) found 

no evidence for a relationship between agreeableness variability and creativity, and we are not 

aware of research examining the association between variance in agreeableness and team 

innovation. Nonetheless, high variability in agreeableness in a team may be helpful because less 

agreeable members of the team may push for innovative ideas and provide constructive criticism 

(Baer et al., 2008). More agreeable team members then may further discuss, accept, and actively 

work on these ideas (Paulus, 2000). Although this idea shares some similarities with theoretical 

ideas on extraversion, a fundamental difference between agreeableness and extraversion is that 

agreeableness is not related to the amount of communication in which team members engage. 

Instead, agreeableness mainly affects how strongly team members are voicing their own opinion 

and are willing to give in to a person who strongly voices his or her opinion. In summary, the 

empirical findings are limited but theoretical arguments and the existing literature on team 

agreeableness suggest that high variance in team agreeableness is positively associated with team 

innovation.   

H1b: Team variance in agreeableness is positively related to team innovation. 
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Team Conscientiousness Variance and Team Innovation 

Conscientiousness is typically considered to be the most important personality predictor 

for task performance of individuals. It is less clear, however, how conscientiousness relates to 

innovative performance at the team level. As conscientious people typically think carefully 

before they make a decision and prefer well-thought out plans, they may be less likely to generate 

a large number of unusual and original ideas and may reject their ideas too quickly. In line with 

this notion, recent findings show that individual conscientiousness correlates negatively with 

individual creativity (Guo, Su, & Zhang, 2017).  

Researchers have argued that the negative effect of conscientiousness may translate to the 

team level so that more conscientious teams are less innovative (Baer et al., 2008), but 

researchers have also argued for taking the personality composition of teams into account when 

making predictions based on conscientiousness (S. T. Bell et al., 2018; Humphrey et al., 2007, 

2011). One frequent observation shows that people with high conscientiousness generally dislike 

working with people low in conscientiousness because they feel that they need to shoulder all or 

most of the responsibility (S. T. Bell et al., 2018; Humphrey et al., 2007, 2011). Humphreys and 

colleagues (2007) have suggested that variance in conscientiousness is likely to generally hamper 

team functioning and increase team conflict. Their rationale is that differences in 

conscientiousness typically lead to different degrees to which employees set and adopt work-

related goals so that the goals of the team varying in conscientiousness will typically differ. 

These goal conflicts are likely to make an open exchange of ideas among team members less 

likely and is likely to make it harder for team members to build on each other’s suggestions. We 

therefore expected that variance in conscientiousness is likely to be generally important for team 

functioning and should be negatively related to team innovation so that more homogeneous teams 

show higher levels of innovative behavior. 
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H1c: Team variance in conscientiousness is negatively related to team innovation.  

Team Openness Variance and Team Innovation 

Openness may be relevant for innovation because openness also includes the willingness 

to consider new and unconventional ideas and being receptive to new views and perspectives 

(Costa & McCrae, 1992). In line with these ideas, research has frequently found evidence for a 

positive relationship between openness and innovative behavior at the individual level (e.g. Baer 

& Oldham, 2006; Hammond, Neff, Farr, Schwall, & Zhao, 2011; Madrid et al., 2014). The 

research literature, however, suggests that results on the individual level cannot be generalized to 

the team level; thus, separate research is required targeting the team level to gain insights into 

effects of openness at the team level. Although a meta-analysis by S.T. Bell (2007) found small 

effects of variance in team openness on team performance, there are only few studies at the team 

level that focus on team innovation. The results of these studies are not consistent (Baer et al., 

2008; Schilpzand et al., 2011). From a theoretical perspective, Reilly and colleagues (2002) have 

suggested that teams with radical innovative tasks will be more successful when the average of 

team openness is high. While this idea seems plausible, not all innovation work requires a radical 

approach, and the goal is frequently to improve upon an existing solution but not in an extreme 

way. Extreme levels of team openness may therefore also have disadvantages for teams because a 

group of highly open team members may come up with an extremely large number of ideas that 

are not really practically useful in the sense that they can be implemented. Furthermore, the 

presence of group members low in openness may actually lead to more refined ideas among the 

more open group members. Given that research on team openness composition is to our 

knowledge still very limited, we decided to investigate team openness composition and team 

innovation in the form of a research question.  

RQ1: Is there a relation between team variance in openness and team innovation? 
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Team Temporal Dynamics 

Although researchers have long been aware that team processes (S. T. Bell & Outland, 

2017; Marks, Mathieu, & Zaccaro, 2001; Tuckman, 1965) as well as outcomes of team work are 

dynamic and change over time (Weingart, 1997), most actual empirical research has long not 

fully taken this temporal nature into account in theorizing and by modeling change using data 

from multiple measurement occaisons (Bliese & Ployhart, 2002; Ployhart & Kim, 2013). Several 

researchers have therefore called for more theory and research on teams that takes temporal 

dynamics into account (e.g. B. G. Bell & Cooke, 2003; S. T. Bell, 2007; Mathieu et al., 2014). 

Recently, team researchers have reacted to these calls by developing more theory on dynamic 

effects (Mathieu et al., 2014) and by conducting more longitudinal studies on team functioning 

(Cheng, Chua, Morris, & Lee, 2012; Deuling et al., 2011; Harrison, Mohammed, McGrath, 

Florey, & Vanderstoep, 2003). 

An influential theoretical idea that links the temporal dynamics perspectives in team 

research to research on personality composition, is the notion that different types of team 

characteristics predict team functioning in early and later stages of a team’s life cycle (Harrison et 

al., 2003; Price, Harrison, Gavin, & Florey, 2002). Surface characteristics like demographic 

variables are important for team processes after the team is formed. Characteristics that describe 

the team composition on a deeper level such as personality, attitudes, or values, influence team 

processes and are then useful to predict team functioning in later stages of a team’s life cycle (S. 

T. Bell & Outland, 2017). The notion that team characteristics that predict team functioning 

change over time is also in line with research suggesting that working together in teams is a 

process that comes with changing challenges and tasks (e.g., S. T. Bell & Outland, 2017; Marks 

et al., 2001; Tuckman, 1965).  
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On the basis of the earlier empirical and theoretical work suggesting that deep-level/team 

functioning relationships are dynamic and typically become stronger over time (S. T. Bell & 

Outland, 2017; Lievens, Ones, & Dilchert, 2009; Thoresen, Bliese, Bradley, & Thoresen, 2004), 

it seems likely that effects of team personality variance—a deep level characteristic—on team 

innovation increase over time. Like other forms of team functioning, team innovation includes 

different tasks at different stages of a project and the change in the nature of these tasks may be 

particularly pronounced in team innovation. In the early stages of a team’s functioning, the focus 

is typically on gathering ideas. In the initial stages of group development, the novelty and 

challenges of the new situation also leads to high task demands. Researchers have suggested that 

high task demands typically constrain the full expression of behaviors and personality (Lievens et 

al., 2009). As the time on the task progresses, other innovation behaviors—selecting ideas and 

implementing ideas—become more relevant. Both tasks require more social interaction between 

the team members. We therefore suggest that personality characteristics focusing on interpersonal 

relationships like extraversion and agreeableness—also known as “getting along” personality 

characteristics (Hogan & Holland, 2003)—should become more important for team innovation 

over time. In line with this idea, we assume two relationships: 

H2a: The relationship between team variance in extraversion and team innovation 

becomes stronger over time. 

H2b: The relationship between team variance in agreeableness and innovation becomes 

stronger over time. 

Additionally, the variability in conscientiousness should become more relevant to team 

innovation. As explained earlier the goals of high vs. low conscientious team members differ in 

terms of effort that they want to invest or in how to organize tasks. We expect that highly 

conscientious team members likely develop the impression that less conscientious team mates do 
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not engage themselves hard enough in the project. This friction likely becomes even stronger 

during the idea elaboration and implementation phase because this stage needs more coordination 

and effort compared to the idea gathering phase (West, Hirst, Richter, & Shipton, 2004), and as a 

result hinder the innovation process increasingly over time.    

H2c: The relationship between team variance in conscientiousness and team innovation 

becomes stronger over time. 

As outlined above, the role of team openness in team innovation is unclear; thus, we pose 

this relationship as research question. Since research has shown that deep level characteristics in 

general become more important over time, we assume that effects of variability in openness will 

also increase. During the idea gathering phase, team members focus on their task to find 

innovative ideas; in later stages, the team needs to choose between more innovative and more 

conservative options. Here the effect of variability in openness and conservatism should be more 

important than in the beginning. Therefore, we formulated a second research question for team 

openness. 

RQ2: Does the relation between team openness variance and team innovation become 

stronger over time?  

Method 

Participants and Procedure 

Participants were second year undergraduate university students participating in a 

mandatory eight week research course in psychology and were placed in teams based on topic 

preference at the beginning of the course. Students were not enrolled in other courses while in 

this course. Thus, the mark they received was an important part of their curriculum, and the task 

was achievable because it matched the requirements of their course. The assignment for each 

group was to do novel research and to write a report on it. They were free to choose one of the 
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offered general topics and could then freely invent the research design of their own study. The 

team task thus did not have one correct solution and required that teams came up with ideas on 

how to design the research question, build hypotheses, collect data, write a scientific report, 

present their results, and how to organize their work flow. Thus, the group tasks included 

different and important aspects of innovation such as idea generation, idea selection, and idea 

implementation (Anderson et al., 2014; van Knippenberg, 2017). Hence, an important element in 

the course was for students to design their own study on the basis of their own ideas, but with the 

feedback of an expert in the particular field. Making innovation a core aspect of the assignment 

and therefore also a key part of the role that students needed to fulfill, in line with our innovation-

as-a-work-role conceptualization. There was no interdependence among the groups, as the groups 

worked independently, and also independently received feedback on their progress.  

In total, 32 of the 41 teams in the course agreed to participate in this study. To estimate 

whether this is a sufficient sample size, we conducted an a priori-power analysis. Researchers 

commonly assume that typical individual-level effect sizes for personality variables are .30 

(Thoresen et al., 2004) and use this in their power simulations. When one considers that the effect 

sizes in team research are somewhat larger, it is reasonable to expect effects around .40 for 

personality effects at the team level. We also assumed that interaction effects with time that are 

meaningful would be about half the overall effect size, meaning that the effect size would be .20. 

Team research also typically has ICC1 values around .50 over time (teams measured multiple 

times). On the basis of these ideas, we conducted a power simulation using the procedures for 

power simulations commonly used in the literature (e.g., Mathieu, Aguinis, Culpepper, & Chen, 

2012). The R code for this power simulation is provided in Appendix A. Results showed that 

main effects have a power of .95 and interaction effects a power of .82.  
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The 32 teams in the final sample included a total of 243 team members (175 female and 

86 male) with an average age of 21.69 years. Teams included 7.6 team members on average 

(range = 5 to 9). Team members completed a questionnaire at three different points in time (Total 

sample size: N = 704). The first survey took place at the beginning of the course project in week 

1 (Time 1), the second survey was collected in the middle of the course project in week 3 (Time 

2), and the third and final survey was collected near the end of the course project in week 6 (Time 

3). By the time the teams filled out the week 1 survey they already had several meetings and were 

working together for at least a day because the format of the course required them to already hand 

in a broad outline of the goals of their research in the first week. All three questionnaires included 

questions on team functioning and the team innovation measure. The first questionnaire 

additionally included a personality inventory. The questionnaires were offered in Dutch, German, 

and English enabling participants to answer the questions in their native language. 

Measures 

Team Personality (T1). Participants worked on the Hexaco Personality Inventory 60 

(Ashton & Lee, 2009), a 60-item scale measuring six personality facets. The Hexaco personality 

is based on the HEXACO model which is a six-factor taxonomy modified from the five-factor 

model. The scales are conceptually largely identical to the corresponding factors in the five-factor 

model with the exception of the emotionality and the honesty-humility dimension (Ashton & Lee, 

2009; Ashton, Lee, & Goldberg, 2004), which is not the focus of the current study. Each scale 

includes ten items. Participants responded using a 5-point Likert-type scale ranging from 1 

(totally disagree) to 5 (totally agree). Cronbach’s α for the extraversion, agreeableness, openness, 

and the conscientiousness scales were .81, .74, .77 and .80, respectively. 

Team Innovation (T1, T2, T3). Our study focused on role innovation in organizational 

procedures and processes as one operationalization of innovation measured at the group level. 
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Similar to earlier research, we used ratings of innovation. One reason for the use of ratings in this 

research area is that the raters close to the process typically have a good insight into team 

innovation, especially when a quantitative count of innovations in the final product is difficult to 

achieve (as is the case for many work outcomes). Earlier research has typically used the team 

members themselves, peers, or the supervisor of a team (Anderson et al., 2004; Hülsheger, 

Anderson, & Salgado, 2009) as a rater and then aggregated the shared perceptions to the group 

level. West and Anderson (1996) have reported high correlations between supervisor and team 

self-reports of innovation. This finding differs from typical findings in individual-level research 

where employee and supervisor ratings are frequently not highly correlated because the 

individual rating is affected by individual bias. In the context of multilevel research, potential 

individual-level biases are largely eliminated because of the aggregation to the group level 

(Bliese, 2000; Bliese & Jex, 2002). We used a 4-item measure adapted from Welbourne and 

colleagues' (1998) role-based performance scale that researchers have frequently used to measure 

team innovation (Bono & Judge, 2003; Chen, 2005; Chen, Sharma, Edinger, Shapiro, & Farh, 

2011; Zacher & Rosing, 2015); it is similar to other work role based measures (Alban-Metcalfe & 

Nicholson, 1984; West, 1987). We adapted the scale by reformulating the items from an 

individual-level referent (i.e., “I generate new ideas”) to a team-level referent (i.e., “My team 

generates new ideas”). The use of a team-level referent is frequently recommended in the 

organizational literature because this approach is more in line with the nature of group-level 

constructs (Chan, 1998; West & Anderson, 1996) and thus the goal of the present study. 

Participants responded to the questions using a 7-point Likert-type ranging from 1 (strongly 

disagree) to 7 (strongly agree). Cronbach’s alpha was .86 at T1, .86 at T2, and .87 at T3. To 

evaluate whether it was justified to aggregate ratings of team performance to the team level, we 
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estimated the intraclass correlation, type 1 (ICC1) and the 𝑟௪() statistic using a rectangular 

distribution (Bliese, 2000; Chan, 1998). Aggregation analyses revealed ICC1 values of ICC1 = 

.14 at T1, ICC1 = .08 at T2, and ICC1 = .14 at T3, and 𝑟௪() values of .86 at T1, .84 at T2, and 

.86 at T3. Recommendations in the literature typically suggest that aggregation is justified when 

ICC1 values and 𝑟௪() values exceed .10 and .70, respectively. 

Analyses 

Our analyses were conducted at the team level and related team mean personality and 

team personality variance to team innovation. We first aggregated team mean personality and 

team innovation to the team level by taking the average of the ratings of all team members. One 

rationale for aggregation to the group level is typically also to eliminate individual differences in 

perception (Bliese, 2000). In line with previous research (Humphrey et al., 2011), we used the 

standard deviation in team member personality as our measure of team variability.  

After aggregating our measures to the team level, we fitted multilevel mixed-effect 

growth models (Bliese & Ployhart, 2002; Raudenbush & Bryk, 1987) using the statistical 

environment R (R Core Team, 2015) and the nlme package (Pinheiro, Bates, DebRoy, Sarkar, & 

Team, 2017). Multilevel mixed-effect growth models are a frequently used approach for 

modelling change because they are more flexible than traditional methods based on general linear 

models (Ployhart & Vandenberg, 2010). Our models were two-level models with measurement 

occasions at level-1 nested in teams at level-2. The team personality measures were thus level-2 

predictors that predicted the overall level (intercept) in the dependent variables, and changes 

(slopes) in the dependent variables over time. In all models, we did not only include the standard 

deviations in team personality traits that were part of our hypotheses, but we also included the 

respective team means. This strategy was chosen to ensure that potential findings regarding team 
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personality would not result from a correlation with the team mean on the respective personality 

trait. The variance and the mean can be correlated (Humphrey et al., 2011). Another reason was 

that potential findings on the team mean in personality are also of interest. We specifically tested 

the following model:  

Level-1: Yjk = π0k + π1kTIMEj+ ejk      

Level-2: π0k = γ00 + γ01 (EX M)k + γ02 (EX SD)k + 

γ03 (A M)k + γ04 (A SD)k+ 

γ05 (O M)k + γ06 (O SD)k+ + 

γ07 (C M)k + γ08 (C SD)k + u0k 

π1k =  γ10 + γ11 (EX M)k + γ12 (EX SD)k + 

γ13 (A M)k + γ14 (A SD)k+ 

γ15 (O M)k + γ16 (O SD)k+ + 

γ17 (C M)k + γ18 (C SD)k + u0k 

        iid 

ejk  ~  N (0, σ²)     
 

ቀ
𝑢

𝑢
ቁ  𝑖𝑖𝑑

~𝑁
    ቀቂ

0
0

ቃ , ቂ
𝜏

𝜏ଵ

𝜏ଵ

𝜏ଵଵ
ቃቁ 

This model specifies that the response of team k at measurement occasion j is a function 

of general intercept γ00, the time variable (TIMEj), the personality predictors (γ01 to γ08), the 

interaction between the personality predictors and the time variable (γ11 to γ18), a team random 

effect u0k, a team random slope u1k, and the residual variance ejk. Note that γ02, γ04, and γ08, directly 

tested Hypothesis 1, 2, and 3, respectively. We centered the time variable at the second 

measurement occasion. This coding of time was convenient for the present study as the main 

effects of the personality composition predictors then refer to the effect of these variables 

midway through the study. To ease the interpretation of the analyses, we z-standardized the 
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personality composition variables such that they were centered at the sample mean and had a 

standard deviation of 1. We also estimated the model with z-standardized innovation ratings, so 

that the coefficients in this model (𝛾௦) provide effect size information. 

Results 

Descriptive Statistics and Correlations 

Table 1 presents the means, standard deviations and intercorrelations between the study 

variables. As shown in Table 1, the innovation measure at all three measurement occasions were 

correlated with each other but the correlations were not extremely high suggesting some change 

over time. These correlations were in the range typically observed for teams over time in the 

organizational literature (DeShon, Kozlowski, Schmidt, Milner, & Wiechmann, 2004; Mathieu, 

Kukenberger, D’Innocenzo, & Reilly, 2015; Mathieu & Rapp, 2009). 

Growth Modelling 

Table 2 presents the multilevel growth models predicting team innovation over time. The 

results in Table 2 suggested that team mean personality did not have strong relationships with 

team innovation with the noteworthy exception of a significant effect of team mean extraversion, 

γ = -0.13, t(32.00) = -2.28, p = .029. 

We next focused on effects of team variance in personality on team innovation and began 

by examining H1a. Recall that Hypothesis 1a predicted that group variance in extraversion would 

be negatively related to team innovation. As shown in Table 2, the extraversion intercept for team 

variance was significantly and negative related to team innovation, γ = -0.22, t(32.00) = -4.18, p 

< .001. This finding is in line with our hypothesis for extraversion and shows that team 

heterogeneity in extraversion was negatively related to team innovation. H1b predicted that group 

variance in agreeableness would be positively related to team innovation. As shown in Table 2, 

variance in agreeableness was not significantly related to team innovation and the hypotheses is 
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not supported. H1c suggested that group variance in conscientiousness would be negatively 

related to team innovation. As shown in Table 2, team variance in conscientiousness was 

significantly and negatively related to team innovation, γ = -0.12, t(32.00) = -2.17, p = .037; H1c 

was supported. The result shows, that heterogeneity in conscientiousness is negatively associated 

with team innovation. 

RQ1 asked how group variance in openness to experience would be related to team 

innovation. As shown in Table 2, variance in openness to experience was not significantly related 

to team innovation. 

In the last step, we analyzed whether or not the relationship between team variance in 

personality on team innovation changes over time. We began by examining H2a that predicted 

that a negative relationship between team variance in extraversion and team innovation increases 

over time. We found that team variance in extraversion was significantly and negative related to 

the slope for team innovation, γ = -0.11, t(65.70) = -3.28, p = .002. To better understand the 

significant interaction between extraversion and time, we applied a simple slope analysis (Aiken 

& West, 1991). The simple slope analysis revealed that team innovation decreased over time for 

groups with one standard deviation above the sample mean in extraversion, t(63.65) = -4.50, p < 

.0001), and that team innovation did not change over time for groups with one standard deviation 

below the sample mean in extraversion, t(63.65) = 0.49, p = 0.62). Figure 1 graphically illustrates 

this finding by plotting predicted values for teams that are one standard deviation above and one 

standard deviation below the sample mean in extraversion variability.  

We then examined H2b that predicted that the positive relationship between group 

variance in agreeableness and team innovation increases over time. We found that team variance 

in agreeableness was significantly and positive related to the slope for team innovation γ = 0.07 

t(62.70) = 2.15, p = .035. A simple slope analysis revealed that team innovation did not change 
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over time for groups with one standard deviation above the sample mean in agreeableness, 

t(63.65) = -0.46, p = 0.65). Team innovation decreased over time for groups with one standard 

deviation below the sample mean in agreeableness, t(63.65) = -3.75, p < .001). Figure 2 

illustrates this trend, again for teams that are one standard deviation above and one standard 

deviation below the sample mean in agreeableness variability. Recall that we did not find a 

significant effect for the agreeableness variance as a predictor of team innovation (H1b). The 

significant slope effect, however, suggests that the effect of the agreeableness SD changed into 

the direction suggested by H1b.  

In H2c, we expected that the relationship between team variance in conscientiousness and 

team innovation becomes stronger over time. However, as shown in Table 2, variance in 

openness to experience was not significantly related the slope for team innovation, hence H1c 

was not supported.  

In our second research question, we wanted to study whether a potential relationship 

between variability in team openness and team innovation would change over time. Table 2 

shows, that variance in team openness to experience was not significantly related to the slope for 

team innovation.  

Supplementary Analyses 

In the supplementary analysis, we focused on the fact that extraversion includes two core 

subdimensions—sociability and dominance—and refitted the model separately with each of these 

two facets. Results revealed that both facets were related to the intercept for team innovation, 

sociability: γ = -0.15, t(32.02) = - 2.27, p = .03; dominance: γ = -0.20, t(32.00) = -3.34, p = .002. 

However, only the effects of dominance became stronger over time, γ = -0.11, t(61.67) = -3.31, p 

= .002.  
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Discussion 

Team researchers have suggested that variance in personality traits in teams is typically 

related to teams’ functioning. In this article, we extended these ideas on team personality 

composition to team innovation and in addition examined temporal dynamics in the team 

personality variance/team innovation relationship. We found that teams which were more 

homogeneous in extraversion and conscientiousness had higher team innovation. For 

agreeableness and openness, there was no significant main effect for the relation between team 

heterogeneity and team innovation. However, for agreeableness we found that team innovation 

decreased over time for teams which were less heterogeneous. Our results also revealed that two 

of the four team personality variance/team innovation relationships that we studied became more 

pronounced over time. Specifically, the negative relation between team extraversion variance and 

team innovation became more negative over time, and the positive relation between team 

agreeableness variance and team innovation was more positive at the end than at the beginning of 

the study.  

Theoretical Implications 

Our study also extends earlier research on team personality composition by showing that 

personality/team innovation relationships dynamically change over time. Our study is one of the 

first studies, that we are aware of, that combines team personality with a growth model at the 

team level and thus follows these recent calls. Our finding that the team slope in team innovation 

was significantly predicted by team personality, suggests that a dynamic perspective could indeed 

provide a deeper understanding of the nature of team composition effects. Most notably, our 

findings largely support the notion (Stewart et al., 2005) that the role of team personality in team 

innovation becomes more important the longer a team works together.  
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Our study also more broadly supports the idea that team personality and team personality 

composition predict team innovation and integrates earlier work on team composition (S. T. Bell, 

2007; Humphrey et al., 2007; Mohammed & Angell, 2003) with studies that link team personality 

and team innovation (Baer & Oldham, 2006; George & Zhou, 2001; Madrid et al., 2014). Our 

results partly support the theoretical idea that homogeneity of certain traits (like 

conscientiousness and extraversion) are beneficial in teams when teams need to work on tasks 

that require innovation (Humphrey et al., 2007). We found that both team homogeneity in 

conscientiousness and extraversion were associated with better team functioning. For team 

variance in conscientiousness, this result extends earlier findings and theorizing in the literature 

on team innovation, but was largely expected on the basis of theory and earlier research (S. T. 

Bell, 2007; Humphrey et al., 2011).  

As we noted earlier, research on the role of extraversion variance in teams has resulted in 

a mixed empirical picture. In the introduction of this paper, we focused on the specific nature of 

innovation work that differs from other team tasks (Potočnik et al., 2012). We reasoned that team 

member differences in extraversion will likely lead to less communication within the team, such 

as an introverted team member not speaking up and thus creating silent conflict. Therefore, we 

theoretically predicted a negative relationship between extraversion variance and team 

innovation. Our empirical findings provide support for this idea.  

Practical Implications 

Our study has several practical implications for team innovation. One practical 

implication is that not only the mean level but also the variance in personality is important for 

team functioning. In other words, team functioning depends on more than the sum of its parts. 

Organizations may use this information to make decisions on how to assemble innovative teams. 
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A second practical implication of our study is that the nature of team work and the 

optimal configuration of a team may change over time. Organizations and practitioners may 

benefit as it provides insights into not only which teams are likely to run into innovation 

productivity problems but also when these types of issues are most likely to occur. For instance, 

our study suggests teams with high levels of extraversion variance increasingly underperform 

over time and organizations could especially target teams of this type with interventions such as 

team coaching.  

More specifically, our results show that the effect of variance in agreeableness on 

innovation become more pronounced over time, in a way that more homogeneous teams had a 

decrease in innovation. The result suggests that heterogeneity in agreeableness is more important 

in the implementation phase of innovation rather than the idea generation phase. For teams higher 

in agreeableness it may be important to also have members that dare to stand up to convention, as 

innovation is often new and different. In teams lower in agreeableness, it may be important to 

have team members higher in agreeableness that solve possible conflicts to reach a consensus on 

how to implement a new procedure, also with the wider environment. This is in line with research 

that shows that the implementation phase requires different skills and motivators (Baer, 2012; 

Perry-Smith & Mannucci, 2017). 

Limitations and Directions for Future Research  

A strength of our study is the longitudinal data from teams. A limitation of the study, 

however, is that all data was gathered from one source which can lead to common method bias 

(Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). Common method bias may be smaller in 

longitudinal designs (Podsakoff et al., 2003). Nevertheless, a multi-source longitudinal design 

would naturally be better than a longitudinal study with information from one source. Future 
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research should study whether the findings of this study generalize to other contexts and other 

measurement approaches for innovation. 

A second limitation is that it was conducted in an educational setting. The participants in 

our study were relatively young and included more female than male team members. The teams 

worked relatively closely together on their research task and the ultimate outcome was directly 

important for them. Results in other organizational settings may be different, for instance, when 

the majority of team members is male. These differences may reduce the generalizability of our 

results. However, the fact that we found evidence for our theoretical ideas in the context of a 

student sample does not necessarily mean that the effects do not exist in the real world. Outcomes 

for working teams such as promotions, raises, or keeping a job are more relevant than outcomes 

for student teams. The effects found in the present study can thus also potentially be even 

stronger in professional working teams. In line with ideas of this type, the S. T. Bell (2007) meta-

analysis found that effects from lab settings were typically even stronger in field settings. An 

important goal for future research is to extend the present study by studying teams that perform 

other types of tasks and in other organizational settings.  

Conclusion 

Research suggests that modern work environments and markets change more quickly than 

in the past (World Bank, 2019). Studying and understanding team innovation may accordingly be 

even more important than in the past. The present study contributes to the team innovation 

literature by studying the effects of team personality composition on team innovation over time. 

Overall our findings support the idea that team homogeneity in extraversion and 

conscientiousness, as well as heterogeneity in team agreeableness, is associated with higher team 

innovation. Our study also suggest that team personality variance becomes more important over 

time for team innovation.  
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Table1 
Correlations, Means and Standard Deviations of the Study Variables 

 M SD 1 2 3 4 5 6 7 8 9 10 11 

1. Extraversion M  3.54 0.30 —           

2. Extraversion SD 0.52 0.16 -.48 —          

3. Agreeableness M  3.06 0.28 .22 -.08 —         

4. Agreeableness SD 0.52 0.12 -.15 .35 -.09 —        

5. Openness M  3.42 0.33 -.23 .13 -.08 .15 —       

6. Openness SD 0.58 0.16 -.02 .08 -.06 .40 .20 —      

7. 
Conscientiousness 
M  

 3.39 0.21 .27 -.39 -.12 -.12 -.17 -.13 —     

8. 
Conscientiousness 
SD 

0.63 0.20 -.33 .02 -.20 -.03 .10 .12 .01 —    

9. Team innovation 
T1 

5.29 0.43 .07 -.36 -.02 -.13 .04 .00 .50 -.24 —   

10. Team innovation 
T2  

5.17 0.40 .13 -.49 .07 .01 -.09 .14 .15 -.15 .47 —  

11. Team innovation 
T3 

5.11 0.44 .04 -.58 -.07 -.04 -.16 -.10 .23 -.10 .62 .78 — 

 
Note. N = 32. Teams. T1 = Time 1, T2 = Time 2, T3 = Time 3. Correlations of |r| ≥ .35 are 
significant at p < .05.  
  

  



 

Table 2  
Multilevel Growth Model Predicting Changes in Team Innovation from Team Personality and Team 
Personality Composition 

Value 𝛾 SE df t 𝛾
𝑠
 

Intercept 5.19 0.05 32.00 111.80*** .00 

Time -0.09 0.03 62.70 -3.38** -.22 

Extraversion (EX) M -0.13 0.06 32.00 -2.34* -.33 

Agreeableness (A) M 0.00 0.05 32.00 -0.06 -.01 

Openness (O) M -0.02 0.05 32.00 -0.37 -.04 

Conscientiousness (C) M 0.07 0.05 32.00 -1.37 .17 

EX SD -0.25 0.06 32.00 -4.18*** -.58 

A SD 0.04 0.05 32.00 0.69 .09 

O SD 0.03 0.05 32.00 0.64 .08 

C SD -0.11 0.05 32.00 -2.17* -.26 

Time × E M -0.01 0.03 62.70 -0.49 -.04 

Time × A M -0.02 0.03 62.70 -0.83 -.06 

Time × O M -0.06 0.03 62.70 -1.95 -.13 

Time × C M -0.11 0.03 62.70 -3.41** -.25 

Time × EX SD -0.11 0.03 62.70 -3.28** -.27 

Time × A SD 0.07 0.03 62.70 2.15* .16 

Time × O SD -0.05 0.03 62.70 -1.59 -.11 

Time × C SD 0.04 0.03 62.70 1.17 .08 

Variance components      

   Group 0.052    0.292 

   Group slope 0.00006    0.0003 

   COVgroup, group slope  0.002    0.101 

   Residual 0.049    0.275 

Log-likelihood -13.40    -97.10 

Overall R² 0.44     

 
Note. N = 32 Teams measured at k = 96 measurement occasions. Time was centered at Time 2 such 
that main effects indicate the situation midway through the data collection. R² was calculated using the 
marginal R²-formula in Nakagawa and Schielzeth (2013) and captures the overall amount of variance 
explained by the fixed-effects predictors (personality and time).  
  



 

 
Figure 1. Development of team innovation over time in teams with high and with low 
variability in extraversion. Values are predicted values from the multilevel growth model 
presented in Table 2. 
  



 

 

Figure 2. Development of team innovation over time in teams with high and with low 

variability in agreeableness. Values are predicted values from the multilevel growth model 

presented in Table 2.  

  



 

Appendix A 

simempred <- function(l2n,l1n, 
                         gamma00,gamma10,gamma01,gamma11, 
                         tau00sd,tau01sd,tau0100cor,sigma){ 
   dat=expand.grid(time = (-1):(l1n-2),unit = 1:l2n) 
   u <- MASS::mvrnorm(l2n, c(0,0), 
                       matrix( 
c((tau00sd^2),rep((tau0100cor*tau00sd*tau01sd),2),(tau01sd^2)), 2) ) 
   dat$u1<-u[,1][dat[,2]] 
   dat$u2<-u[,2][dat[,2]] 
   dat$pred<-rep(rnorm(l2n),each=l1n) 
   dat$e<-rnorm(l1n*l2n,0,sd=sigma) 
   dat$y<-(gamma00+gamma10*dat$time+gamma01*dat$pred+ 
               gamma11*dat$time*dat$pred+dat$u1+dat$u2*dat$time+dat$e) 
   m1<-try(lmer(y ~ time*pred+(time|unit),data=dat, 
                  control=lmerControl(calc.derivs=FALSE))) 
   if(inherits(m1, 'try-error')==F) { 
     out<-
c(fixef(m1),summary(m1)$coefficients[3,5],summary(m1)$coefficients[4,5]) 
     } else { out<-rep(NA,6)} 
   return(out) 
   } 
   set.seed(12345) 
 REPS=1000 
 system.time(simresults2<-replicate( REPS, 
simempred(l2n=30,l1n=3,gamma00=0,gamma10=0, gamma01=0.40, gamma11=0.20, 
                                                       
tau00sd=0.5,tau01sd=0.02, tau0100cor=0, sigma=0.5))) 
user system elapsed 
100.50 0.74 105.25 
mean(simresults2[5,] < 0.05 ,na.rm=T) 
mean(simresults2[6,] < 0.05 ,na.rm=T) 
table(is.na(simresults2[1,])==FALSE)[1] 
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