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Abstract 

Acknowledging the increased importance of virtual teams in the context of Industry 4.0 and 

recently in COVID-19 pandemic, this study identifies and addresses several knowledge gaps 

regarding the development of an effective transaction memory system (TMS), and the influence 

of its components on team’s knowledge sharing and creativity. To investigate these issues, we 

apply structural equation modelling using AMOS 21, on a sample of 477 managers, enrolled in 

a French Business School program. The results confirm - with one exception, the positive role 

of communication frequency and quality in the emergence of TMS components; only the 

relationship between communication frequency and specialization being non-significant. On 

the other hand, TMS components have a positive impact on knowledge sharing and team’s 

creativity. Our study also unveils two counterintuitive findings, regarding the non-significant 

relationships between coordination and knowledge sharing, and respectively, credibility and 

creativity. These findings are interpreted and explained considering the specific context of 

virtual projects, leading to several theoretical and managerial implications regarding knowledge 

management and creativity in virtual teams. 
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1. Introduction 

Creativity, defined as the production of novel and useful ideas about products, practices, 

processes or procedures (Amabile, 1996), represents an essential condition for business success. 

The rapid pace of change and new product/service introduction creates a highly competitive 

environment that requires a permanent effort to develop new ideas. In addition, globalisation 

has opened even local markets to foreign companies intensifying competition and reinforcing 

the need for creativity as a determining factor for firm competitiveness (Gino et al., 2009).  

To address the challenge of being creative, many companies have developed project teams 

dedicated to new product and/or service ideas development (Barczak, Lassk and Mulki, 2010). 

These teams are often cross-functional (Zhang and Guo, 2019) and globally dispersed, to cover 

a more diverse range of knowledge, competencies and contexts, with interactions taking place 

virtually. This trend is accelerated by the emergence of Industry 4.0 systems (Kneisel, 2019) 

and by the impact on work of COVID-19 pandemic (Feitosa and Salas, 2020). For these reasons, 

virtual teams represent essential structures in modern organizations (Fang, Kwok and 

Schroeder, 2014; Siebdrat, Hoegl and Ernst, 2009), that can be defined as groups of people 

whose members are (1) geographically-distributed, (2) electronically-linked, (3) functionally 

and/or culturally diverse, and (4) laterally connected (DeSanctis and Monge, 1999). However, 

despite the increasing importance of virtual teams, few studies have studied the processes 

enhancing their creativity (Han et al., 2017). 

The key to enhance virtual teams’ creativity is to thoroughly understand the advantages and 

challenges raised by collective virtual interactions. For a long time, creativity was considered 

as the exclusive domain of individual experts (Chompunuch, Ribiere and Chanal, 2019), but 

the increasing complexity of global projects requires an ideation process that combines multiple 

areas of expertise at team level (Baruah and Paulus, 2009).  For this reason, many organizations 

increasingly rely on the work of creative teams where each individual is an expert in a particular 

area (Paulus and Nijstad, 2003; Zhang and Guo, 2019), which ensures a high-quality pool of 

available knowledge. On the other hand, the lack of face-to-face interactions increases the 

difficulty of developing trust between members, which may negatively influence tacit 

knowledge sharing, task coordination, and team performance (Han et al., 2017; Zhang, Wang 

and Hao, 2020). In these conditions, the effective exploitation of diverse cognitive resources 

depends on the capacity of the virtual team to precisely map the available areas of expertise, 

develop trust among team members, and enhance intra-team coordination to ensure synergistic 
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effects based on knowledge exchange (Curşeu, Schalk and Wessel, 2008). A team will achieve 

more creative breakthroughs, if its members learn from each other and gain a deeper 

understanding of a target/project by sharing distributed knowledge and experience (Baruah and 

Paulus, 2009).  

Extant studies already outlined the importance of the Transactional Memory System (TMS) 

– defined as “the shared division of cognitive labour regarding the encoding, storage, retrieval, 

and communication of information from different domains that often develops in close 

relationships” (Hollingshead, 2001, p. 1080) when team members have high levels of individual 

expertise. However, the specific situation of virtual teams raises new and important challenges 

that require further research regarding both the antecedents leading to the formation of TMS 

components (i.e., specialization, credibility and coordination), as well as the effect of these 

components on intra-team knowledge exchange, and respectively, team creativity. Although 

TMS-related studies have flourished in the last 20 years, significant knowledge gaps remain in 

the managerial theory and practice regarding the determinants of TMS components and their 

impact on virtual team’s creative processes and outputs (Cao and Ali, 2018). 

To address these knowledge gaps, our study formulates and addresses the following 

research objectives: (i) to identify and investigate the role of communication in the development 

of TMS components in virtual teams, and (ii) to assess how these components impact virtual 

team’s knowledge sharing and creative performance. These topics represent much more than 

simple gaps in academic knowledge, since many team and organization managers struggle to 

enhance virtual teams’ creativity in a highly unpredictable work environment influenced by the 

COVID-19 pandemic. From this perspective, our study is essentially problem-driven, 

addressing real managerial challenges (Corley and Gioia, 2011). 

This study makes a threefold contribution to the theory and practice of virtual team’s 

creativity. First, it confirms the importance of communication frequency and quality to the 

development of TMS components. Second, it clarifies the role of TMS components in virtual 

teams’ knowledge sharing and respectively, virtual teams’ creativity. Finally, it validates a 

positive relationship between intra-team knowledge sharing and team’s creativity. Our findings 

provide clear and important insights that aim to facilitate the understanding and work of 

academic researchers, virtual teams’ leaders, and organizational managers who deploy and 

coordinate global projects.  
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2. Theoretical background  

Although the extant literature differentiates between groups - defined as collections of 

individuals focused on an (individual) goal (Forsyth, 2006), and teams – described as groups 

that typically have a long-term relationship, are embedded in an organization, and work together 

on a common goal (Paulus, Dzindolet and Kohn, 2012), these concepts are often used as 

synonyms in creativity research (Chompunuch et al., 2019: Stollberger, West and Sacramento, 

2017). In this study, we follow the latter logic found in creativity literature using the terms 

‘groups’ and ‘teams’ interchangeably; referring in both cases to specific collective entities that 

perform within organisational boundaries trying to accomplish specific creative tasks.      

Traditionally, most research on team creativity involved self-reports, with few studies 

analysing objective data regarding team performance (Antoni and Hertel, 2009; Hülsheger, 

Anderson and Salgado, 2009). On the other hand, group creativity research was mostly based 

on objective data, but often involving students in laboratory settings (Bolinger, Bonner and 

Okhuysen, 2009; Paulus et al., 2012). Newer studies have focused on the evolving situation of 

teams in organizations, the two research streams converging in terms of data collection, 

analysis, and findings (Buisine and Guegan, 2019; Chamakiotis, Dekoninck and Panteli, 2013; 

Han et al., 2017; Men et al., 2019). 

 

2.1 Understanding creativity in virtual teams 

While individual creativity is centred on the expertise, motivation and creative skills of an 

isolated person (Amabile, 1996), team creativity represents both a social process – involving 

interaction with other people, and a cognitive process – which requires the collective sharing 

of concepts, knowledge and experiences (Kneisel, 2019). These cognitive resources are 

retrieved from individuals’ memories, shared with other team members, and then further 

processed, combined and integrated to produce a broad range of creative ideas (Sternberg, 

2006). 

Diversity is an important factor in creative group performance (Paulus, 2000; Thompson, 

2003; West, 2002). A team endowed with diverse areas of knowledge is much better equipped 

for creative tasks than a team composed of individuals with overlapping expertise (Paulus and 

Brown, 2007). The specialization and complementarity of team members can thus contribute to 

creativity and higher performance (Johnson and Johnson, 1989).  
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However, not all types of knowledge are easily transferable. Nonaka, Borucki and Konno 

(1994) distinguish between explicit and tacit knowledge. Explicit knowledge can be expressed 

and communicated in codified, systematic and formal ways (Nonaka et al., 1994; Smith, 2001), 

while tacit knowledge refers to the variety of action-oriented expertise based on practice and 

embedded in behaviours, way of thinking, and work style of people with different cultural and 

professional backgrounds (Smith, 2001; Wang and Ji, 2013). Whilst explicit knowledge is 

easily transferable, often in written or video format, tacit knowledge is difficult to formalize 

and communicate, especially in virtual teams (Cao et al., 2012).  

In comparison with collocated teams, virtual teams present both specific advantages and 

challenges regarding group creativity (Martins, Gilson and Maynard, 2004). On the one hand, 

computer-mediated-communication (CMC) allows modern organizations to recruit and connect 

top experts regardless of their geographical location; on the other hand, the global dispersion 

of virtual team members determines a lack of face-to-face interactions, the exacerbation of 

socio-cultural differences, and dependence on communication technologies, complicating the 

management of intra-team knowledge processes (Aritz, Walker and Cardon, 2018; Fiol and 

O’Conner, 2005; Klitmøller and Lauring, 2013). The electronic connection of geographically-

dispersed individuals does not necessarily lead to effective interpersonal communication, 

coordination and trust. As a result, intra-team interactions and new knowledge generation in 

virtual environments may be more prone to errors, delays, and misunderstandings (Hayward, 

2002; Kauppila, Rajala and Jyrämä, 2011). As Kneisel (2019) points out: “virtual teams are 

thus in a field of tension between growing needs and technological opportunities for virtual 

knowledge integration on the one side and social challenges of managing knowledge processes 

over physical, social and cultural distances on the other side” (p. 186). 

In these conditions, it is essential for virtual team members to interact and develop socio-

cognitive mechanisms for engendering shared meaning and potentially enhancing virtual team 

processes and performance. Promoting relational confidence and coordination enable team 

members to co-create and absorb mutual knowledge (Leal-Millán et al., 2016) defined as 

knowledge that communicating parties share and that each party knows that they both possess 

(Davis and Khazanchi, 2006; Krauss and Fussell, 1991). In this respect, TMS seems to play a 

significant role, facilitating knowledge mapping, retrieval, and sharing at team level (Choi, Lee 

and Yoo, 2010).    
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2.2 TMS and virtual teams  

Extant literature suggests that the development and use of TMS represent central team processes 

required for group creativity, enabling team members to map individual expertise 

(specialization), increase trust in other members’ knowledge (credibility), and promote 

effective knowledge processing (coordination) (Zhong et al., 2012).  

Surprisingly, the extant literature does not offer, a clear, formal definition of these three 

TMS components. Their existence was first demonstrated by Liang, Moreland and Argote 

(1995) who studied the interaction of team members in assembling a radio: “Three cognitive 

factors, all of which were assumed to reflect the operation of a transactive memory system 

among team members, were coded from the video-tapes. The first factor was memory 

differentiation, or the tendency for group members to specialize in remembering distinct aspects 

of assembling the radio. […] The second factor was task coordination, or the ability of group 

members to work together smoothly while assembling the radio. […] Finally, the third factor 

was task credibility, or how much group members trusted one anothers’ knowledge about 

assembling the radio.” (pp. 388-389). Lewis (2003) who developed and validated a TMS 

measurement scale, provides the following description of the three components: “TMSs could 

be discerned from the differentiated structure of members’ knowledge (specialization), 

members’ beliefs about the reliability of other members’ knowledge (credibility), and effective, 

orchestrated knowledge processing (coordination)” (p. 589). Based on the extant literature 

(Lewis, 2003; Liang et al., 1995; Moreland and Myaskovsky, 2000; Zhang et al., 2020), we 

propose the following definitions of these three TMS components:  

 specialization refers to the ability of a group to recognising who knows what and how 

this knowledge can be used in favour of the group to act in a more effective manner; 

 coordination is associated with the necessity of thorough planning during the 

completion of the group task or project; 

 credibility refers to the extent team members consider as proper and accurate any 

information and/or task knowledge shared by other members; when a team has 

developed a TMS, members of the team tend to see other members as credible, sharing 

correct knowledge.     

Some researchers define TMS as a latent second-order variable composed of three first-

order components (Ashleigh and Prichard, 2012; Choi et al., 2010; Lewis, 2003; Maynard et 

al., 2012). Although these components covary due to a common cause (i.e., the existence of 
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TMS) (Lewis and Herndon, 2011), they are considered theoretically distinct, as specialization 

and credibility are cognitive elements, while coordination represents a behaviour (Lin et al., 

2012; Wang et al., 2018; Zhong et al., 2012). Alternatively, TMS can be described as a 

collection of socio-cognitive emergent states (Kanawattanachai and Yoo, 2007) these three 

components representing “abilities that are often found in teams with highly developed TMS” 

(p. 786). Lewis and Herndon (2011) advocate research flexibility and discrimination stating 

that the “choice of an appropriate TMS measure should be made based on considerations about 

study design (e.g., laboratory or field) and on the research questions of interest” (p. 1257).  

Following this suggestion, we address the development and functioning of TMS’ structure, 

transactive processes, and their interplay, by considering the three TMS components as research 

variables. From this perspective, TMS represents a socio-cognitive mechanism shared by team 

members that is characterized by the simultaneous existence of three team-level emergent states 

– specialization, credibility, and coordination, that are engendered and maintained through 

repeated interpersonal interactions.  

However, TMS development can be challenging in virtual teams due to the high tacit 

knowledge heterogeneity of various members (Zhang et al., 2020). Cultural distance and CMC 

may have a negative impact on interpersonal interactions (Alawi and Tiwana, 2002; Cordery 

and Soo, 2008) reducing the effectiveness of knowledge mapping, sharing, and coordination at 

team level (Kanawattanachai and Yoo, 2007). These recognized challenges require further 

investigation regarding both the antecedents of TMS components, as well as their effect on 

subsequent team processes and outputs. The study of Kanawattanachai and Yoo (2007), 

addresses some of these issues, but lacks to offer a more specific view of team creativity in a 

virtual environment. First, although they consider communication as an antecedent of TMS 

components’ development, Kanawattanachai and Yoo (2007) use the concept of task-oriented 

communication, which does not permit to clearly assess the impact of various communication 

dimensions - such as frequency or quality - on TMS components. Second, they imply an effect 

of task-oriented communication only on two TMS components - specialization and credibility, 

neglecting the relationship between task-related communication and coordination. Third, 

although they develop a model regarding the functioning of the three TMS components in 

virtual teams, they provide no evidence of how specialization and credibility are linked to 

virtual team performance. Fourth, they focused on the generic aspects of team performance, 

neglecting the importance and specificity of creativity as a particular aspect of virtual team 
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performance. Addressing these knowledge gaps, our study attempts to understand the 

mechanism of achieving team performance in a virtual setting focusing on creativity, but also 

incorporating in the empirical model critical variables for virtual team’s development and 

functioning: communication and knowledge sharing.  

 

3. Hypotheses development 

 

3.1 Communication and TMS components 

Extant literature has repeatedly outlined the role of communication in the emergence and 

maintenance of TMS (Liao et al., 2012; Peltokorpi and Hood, 2019; Yan et al., 2021), both in 

terms of communication quantity and quality. Communication quantity is defined as “a 

combination of volume and frequency to reflect the notion that teams can frequently or 

infrequently have large or small amounts of interactions with each other” (Liao et al., 2012, p. 

215), whereas communication quality refers to the extent to which communication among team 

members is perceived as timely, correct, relevant and useful to perform the common task (Chen 

et al., 2013; Liao et al., 2012).  

During the early phases of group development, frequent communication enables members 

to develop accurate, shared perceptions of member-expertise associations by providing them 

with opportunities to establish who knows what (Peltokorpi and Hood, 2019). Group members 

can describe their qualifications, state their lack of expertise in certain domains, respond to 

questions, and solicit information from other members (Hollingshead, 1998; Lewis, 2004), 

contributing to TMS formation. Through communication, team members gradually build trust 

in one another’s expertise knowledge (credibility), develop a differentiated memory structure 

(specialization), and engage in orchestrated knowledge processing and exchange (coordination) 

(Lewis, 2003; Moreland and Myaskovsky, 2000; Yan et al., 2021). 

Communication plays a central role in virtual teams, since “in virtual environments, where 

team members have no prior experience in working together, nor they have any joint training 

or team building exercise, interactions via communication media will be the primary means of 

developing transactive memory systems” (Yoo and Kanawattanachai, 2001, p. 190). In virtual 

projects, the quality of communication is often valued more than its sheer volume (Chen et al., 

2013). Given the differences in time zone, geographical location and socio-cultural background 

between various team members, a timely and relevant communication can foster a sense of 
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cohesion, interpersonal trust and social identity. Virtual teams with high levels of trust tend to 

engage in frequent communication, focus on work topics, and adequately socialize during the 

early stage of the project (Iacono and Weisband, 1997).  

Despite the rich literature developed regarding the role of communication in TMS 

development, there are surprisingly few studies that explicitly investigate the impact of 

communication frequency, volume and quality on TMS formation. Yoo and Kanawattanachai 

(2001) analyse and demonstrate the role of communication volume for TMS development in 

virtual teams, but communication frequency and quality – although discussed in some studies 

(Chen et al., 2013; Kanawattanachai and Yoo, 2001), are not explicitly tested as TMS 

antecedent variables.  

The extant literature provides, however, some indirect arguments for a positive association 

between these communication dimensions and the TMS components (Liao et al., 2012). 

Frequent and high-quality communication facilitates the development of shared and accurate 

perceptions regarding various member-expertise associations (Lewis, 2004; Tang, 2015), 

enhances intra-team coordination (Liao et al., 2012), and builds a valuable social capital 

expressed through trust and credibility (Joshi, Sarker and Sarker, 2007; Liao et al., 2015; Tang, 

2015). Considering these arguments, we formulate the following hypotheses: 

H1a: Communication frequency is positively associated with specialization.  

H1b: Communication frequency is positively associated with coordination.  

H1c: Communication frequency is positively associated with credibility. 

H2a: Communication quality is positively associated with specialization. 

H2b: Communication quality is positively associated with coordination.  

H2c: Communication quality is positively associated with credibility. 

 

3.2 TMS components and knowledge sharing 

Knowledge sharing refers to the process of locating distributed knowledge in an organization 

and transferring/using it to/in other context(s) (Alavi and Leidner, 2001). In our study, 

knowledge sharing is characterized by the extent to which team members exchange, elaborate 

and integrate various knowledge sources to facilitate and enact the development of creative 

ideas. Through participation and interaction, the knowledge provided by one team member 

becomes the cue for other members to retrieve relevant but different knowledge stored in their 

own memory (Wegner, Giuliano and Hertel, 1985). Similarly, a virtual team context creates 
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specific issues regarding knowledge sharing. A study by Rosen, Furst and Blackburn (2007) 

identified six barriers of knowledge sharing in virtual teams, namely, building trust 

relationships, time, technology, team leader behaviour, failure in developing an effective TMS 

and finally, cultural constraints.       

In other words, virtual teams experience critical challenges in knowledge sharing that 

complexity their functioning. Knowledge exchange is not just a simple, linear knowledge 

transfer between virtual team members, representing an iterative process of expressing and 

integrating different perspectives, insights and interpretations, which eventually results in a 

range of creative ideas that are qualitatively different from extant knowledge (Chen et al., 

2013). Zhang, Hong and Ling (2012) indicate that functional TMS can enhance the quality and 

relevance of tacit knowledge and concurrently improve its effectiveness, sharing and 

integration. 

Knowledge specialization of various virtual team members not only enriches the pool of 

available cognitive resources, but also determines a knowledge-relevant interdependence 

among individuals, which reinforces the need for interpersonal knowledge sharing to pursue 

the common team goal(s) (Argote and Miron-Spektor, 2011; Heavey and Simsek, 2017). In 

addition, the shared awareness regarding the specialized knowledge of each team member 

(Gutwin, Penner and Schneider, 2004; Wegner, 1987; Zahedi, Shahin and Babar, 2016) acts as 

a clue for accurately locating experts (Argote and Ren, 2012; Faraj and Sproull, 2000) and 

involving them, when necessary, in the knowledge sharing process. Often, the experts 

themselves can identify a need for their knowledge, voluntarily interacting in a timely manner 

with other virtual team members (Rico et al., 2008). In a virtual context, specialised knowledge 

of team members supports virtual teams’ function as “knowledge activists” that in turn enhance 

information and knowledge sharing in geographically-dispersed organisations (Kauppila et al, 

2011). Based on the above theoretical arguments we formulate the following hypothesis: 

H3a: Specialization is positively associated with knowledge sharing. 

Coordination refers to orchestrated virtual team-level knowledge processing (Lewis, 2003) 

by appropriately dividing and assigning tasks among members based on individual expertise, 

shared work procedures, and schedules (Brandon and Hollingshead, 2004; Kanawattanachai 

and Yoo, 2007; Zhu, 2009) to integrate the expertise, actions, and objectives of individuals with 

a common goal (Rico et al., 2008). Coordination implies the existence of a shared objective and 

understanding that motivates virtual team members to overcome cognition biases and actively 
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engage in collective processes (Li and Huang, 2013; Lin et al., 2012; Eisenberg & Mattarelli, 

2017). Through coordination, knowledge exchange can be implemented more effectively, 

leading to better interpersonal interaction and sharing (Hinds and Weisband, 2003; Chen et al., 

2013). Following this rationale, we hypothesize that: 

H3b: Coordination is positively associated with knowledge sharing. 

Credibility reflects team members’ beliefs about the reliability of others’ expertise and their 

willingness to act based on such perceptions (Lewis, 2003), representing cognition-based trust 

in a virtual environment (Kanawattanachai and Yoo, 2007). Trustworthiness and reputation of 

a knowledge source powerfully signal its value, usefulness, quality, and validity, facilitating 

the acceptance and integration of each team member into the knowledge sharing process as a 

reliable participant (Chen et al., 2013; Joshi et al., 2007; Topchyan, 2015; Wang et al., 2018). 

Moreover, virtual team members motivated by cognitive-based trust are more willing to 

interrelate their actions with others and actively contribute knowledge (Lin et al., 2012; Zhong 

et al., 2012); otherwise, some members may be reluctant to share information for fear that some 

of their colleagues are not competent to create a knowledge backflow (Zahedi et al., 2016; 

Usoro et al., 2007). On this theoretical basis, we formulate the following hypothesis: 

H3c: Credibility is positively associated with knowledge sharing. 

 

3.3 Knowledge sharing and team creativity 

Collective creativity emerges in social interactions, producing solutions that are often 

replications, adaptations or combinations of existing knowledge (Sternberg, 2006) dispersed 

amongst team members (Hargadon, 1998, 2002; Hargadon and Sutton, 1997): “rather than 

viewing this eureka moment as the sole province of individual cognition, this perspective 

focuses on those insights that emerge in the interactions between individuals” (Hargandon and 

Bechky, 2006, p. 484). Knowledge sharing seems to be equally important for virtual teams 

(Pangil and Chan, 2014) 

Research supports the idea that cognitive resources available within a virtual team will be 

underutilized if knowledge is not shared (Argote, 1999; Belbaly and Somsing, 2016). 

Knowledge sharing is thus a critical virtual team process that require team members to interact 

in order to share ideas, information, and suggestions relevant to the team's task (Srivastava, 

Bartol and Locke, 2006; Leung and Wang, 2015). 
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The expertise, specialization and leadership skills of virtual team members provides 

cognitive resources for creativity (Gong, Huang and Farh, 2009; Hahm, 2017). However, the 

potential to create novel ideas as a virtual team is dependent on members’ ability to efficiently 

exchange knowledge and build on each other’s ideas (Han et al, 2017; Carmeli, Gelbard and 

Reiter-Palmon, 2013; Gong et al., 2009; Hargadon and Bechky, 2006). Current research on 

knowledge sharing and transfer in virtual teams suggests that sharing extant knowledge leads 

to new knowledge creation (Cao and Ali, 2018; Kneisel, 2019). Considering these theoretical 

arguments, we formulate the following hypothesis: 

H4: Knowledge sharing is positively associated with team creativity. 

 

3.4 TMS components and team creativity 

Current literature indicates that both collocated and virtual teams can improve their 

performance by developing and using TMS, especially for complex tasks that require 

knowledge contributions from all virtual team members (Yoo and Kanawattanachai, 2001; Choi 

et al., 2010). The use of TMS as a knowledge management tool (Sung and Choi, 2012) is likely 

to improve team creativity (Gino et al., 2010) by offering team members a greater supply of 

task-related information and knowledge, which are the raw materials for creativity (Paulus, 

2000; Taggar, 2002; Taylor and Greve, 2006), and by promoting knowledge application (Gino 

et al., 2009): “the shared and accurate awareness of team members’ specialization and the trust 

in the specialization […] provide an appropriate environment and conditions for generation of 

creative ideas” (Zhu, 2009, p. 26). 

Knowledge specialization reduces the cognitive load of each individual while providing the 

virtual team with access to a larger pool of task-related information across various domains 

(Brandon and Hollingshead, 2004; Farr, Sin and Tesluk, 2003; Hollingshead, 1998). The greater 

the diversity of relevant knowledge available at team level, the greater the probability of team 

creativity through combining, elaborating and integrating different professional or technical 

perspectives into novel ideas (Baer, 2010; Huang and Hsieh, 2017). Knowledge of who knows 

and does what may also lead to creative solutions by enabling team members to combine 

members’ expertise in new ways (Gino et al., 2009). Based on the above arguments, we 

hypothesize that: 

H5a: Specialization is positively associated with team creativity. 
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Knowledge complementarity amongst virtual team members requires good intra-team 

coordination to facilitate interactions and mutual understanding, reducing possible conflicts that 

hinder creativity (Gino et al., 2009; Lovelace, Shapiro and Weingart, 2001). The willingness to 

integrate and coordinate the diverse contributions and perspectives of other members enhances 

team’s ideational synergy that results from interpersonal interactions (Bolinger et al., 2009; 

Paulus and Brown, 2007; Tiwana and McLean, 2005). Through cognitive and behavioural 

coordination, team members integrate task-relevant knowledge more smoothly and effectively 

in the general flow of ideas, therefore increasing the efficiency of the creative process (Huang 

and Hsieh, 2017). Based on these arguments, we proposed that:  

H5b: Coordination is positively associated with team creativity. 

Previous studies indicate that creativity is improved when team members mutually trust 

their teammates’ expertise (Barczak et al., 2010; Huang and Hsieh, 2017; Ren and Argote, 

2011). Credibility enhances openness and interaction between participants in collective work 

sessions, facilitating the expression of daring, new and creative ideas and their integration in a 

shared ideation flow (Mostert, 2007). Building on each other’s input thus leads to collective 

insights that represent more than the sum of individual contributions (Hargadon and Bechky, 

2006; Paulus and Brown, 2007). In this respect, we formulate the following hypothesis: 

H5c: Credibility is positively associated with team creativity. 

 

3.5 Proposed empirical model 

The proposed relationships between variables expressed in the formulated hypotheses are 

integrated into the model presented in Figure 1. 

 

Take in Figure 1 

 

4. Methodology 

 

4.1 Data Collection 

To empirically validate the proposed model, we collected primary data from a sample of 650 

young middle-level managers, considered as those working above first-line supervision level 

and below executive level. The middle managers (Psychogios, Alexandris and Onofrei, 2008) 

included in our sample were enrolled in an executive education program in a French Business 
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School. The participants were randomly allocated to teams of five, and engaged in the 

competitive process of developing and proposing creative ideas for introducing new features in 

a specific product category (home appliances for a multinational company) through an open 

innovation project that lasted four months. The setting of the exercise was realistic, reproducing 

the working conditions experienced by geographically dispersed virtual teams: lack of face-to-

face interactions, no joint collaboration experience, little initial knowledge about each other’s 

expertise and professional background, interpersonal CMC, and horizontal peer-to-peer 

relationships. 

Primary data was collected through an online survey sent to all participants at the end of the 

exercise, as well as from a team of experts that evaluated teamwork outcomes. The 

questionnaire was developed using secondary data collected in the literature review stage, and 

it was pilot tested on three teams comprising of 5 participants each (15 in total). 

 From the initial sample of 650 participants, 477 returned complete and therefore usable 

responses, representing a 73% response rate.  

      Regarding the demographic profile of the respondents, 44% of responses were provided 

by female participants, and the rest by male participants. The age of participants ranged between 

25 and 39 years old, most of them (62%) being employed by middle sized organizations - firms 

with 50 to 250 employees, and 29% in large companies with more than 250 employees. The 

participants worked in various French regions, with a small predominance of the Occitanie 

region where the school was situated: Auvergne - Rhône-Alpes (8.1%); Bretagne (7%); 

Bourgogne - Franche-Comté (7.2%); Corse (7.3%); Centre - Val de Loire (7.1%); Grand Est 

(7.1%); Hauts de France (7%); Ile de France (Paris) (7.2%); Nouvelle Aquitaine (7.1%); 

Normandie (7%); Occitanie (12.4%); Pays de la Loire (7.1%); Provence - Cote d'Azur (8.4%).  

 

4.2 Measurement 

All variables were measured using multi-item scales previously validated in the extant literature 

(see the Appendix). As a result of the pilot test, some items have been eliminated or slightly 

reworded to reflect the research context. All items were measured on a seven-point Likert-type 

scale, 1 meaning “strongly disagree” and 7 “strongly agree”. 

Communication quality was measured applying the three first items of the scale developed 

by Stewart and Gosain (2006), including the most relevant criteria (i.e., timeliness, correctness, 

usefulness, thoughtfulness) for measuring communication quality in a virtual environment. For 
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this scale, we obtained an internal reliability (based on Cronbach’s alpha score) of 0.841. All 

three items loaded to one general dimension of communication quality. 

To evaluate the perception of online communication frequency of the virtual team members, 

we measured a three items scale that we have adapted from Penley and Hawkins (1985). 

Considering that every virtual team is different in terms of communication needs, we used the 

criteria related to frequency and types of communication. The analysis provided an internal 

reliability of 0.769. All three items loaded to one general dimension of communication 

frequency. 

The three TMS components – specialization, coordination, and credibility - were evaluated 

using the initial scales developed by Lewis (2003). After pilot testing the measurement scales, 

we eliminated one item from the Specialization scale, and two items from the Credibility scale, 

to solve issues related to misunderstanding or irrelevance. After modification, the internal 

reliability of the three scales (based on Cronbach’s alpha score) is, respectively, 0.832 for 

Specialization, 0.889 for Coordination, and 0.904 for Credibility. 

Knowledge sharing was measured combining the scales used by Choi et al. (2010): two 

items, and Suh and Shin (2010): two items. This hybrid scale allowed us to measure team 

members’ perceptions regarding various forms of shared knowledge (Choi et al., 2010), as well 

as the quality of the shared knowledge (Suh and Shin, 2010). The internal scale reliability 

analysis provided a score of 0.863. 

Finally, we applied the five items measurement scale developed by Rego et al. (2007) to 

evaluate the perceptions of team members regarding the level of team creativity. The analysis 

of the initial sample led to an internal reliability score of 0.904 for this measurement scale. The 

items, and their factor loadings after exploratory factor analysis, eigenvalue, and percentage of 

variance explained, are presented in Table 1. 

 

Take in Table 1 

 

4.3 Validity 

Several tests were applied to assert the validity of measures at individual respondent level. We 

began by testing the validity of the applied scales. To realize the confirmatory factor analyses 

(CFA), we used the maximum likelihood estimation, running the tests on AMOS 21. The results 

indicated a good fit for the proposed model: χ2 = 724.798 (313), χ2/d.f. = 2.392, IFI = 0.952, 
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CFI = 0.951 and RMSEA = 0.051. All factors loadings were above a 0.50 threshold and 

significant. We obtained the following AVE scores: Communication frequency (0.51), 

Communication quality (0.65), Specialization (0.59), Coordination (0.61), Credibility (0.69), 

Knowledge sharing (0.64), and Team creativity (0.65), all of them adequate. The square roots 

of all AVE scores were larger than the corresponding correlations scores of all the possible 

pairs of variables; discriminant validities were thus sustained.   

To further test the common method bias, we followed the approach of Ruey-Jer, Sinkovics 

and Kim (2014), applying five (items composition, need to separate the measurement, 

respondent anonymity, question order, Harman’s one factor) of the six steps’ procedure (partial 

correlation) recommended by Podsakoff et al. (2003). The results confirmed that common 

method bias was not a serious concern, allowing us to test the research hypotheses (Podsakoff 

et al., 2003). 

We then examined the inter-rater coefficients (rwg: James, Demaree and Wolf, 1984) to 

confirm a strong inter-rater agreement before aggregating individual measures into team-level 

measures. The rwg (mean) coefficients of each construct were 0.75 or higher (see Table 2) than 

the cutoff value of 0.70, asserting a strong inter-rater agreement (James et al., 1984). 

We also measured the inter-rater reliability. To achieve this, we computed ICC (1) and ICC 

(2) to decide on the appropriateness of aggregating perceptual variables into group-level data 

(James, 1982). All ICC (1) values exceeded the accepted cutoff value of 0.12 (De Jong and 

Elfring, 2010; Glick, 1985), ranging from 0.52 to 0.75, whereas the ICC (2) values were ranging 

from 0.77 to 0.90. Table 2 presents the descriptive statistics at team level, including rwg, ICC(1) 

and ICC (2). 

 

Take in Table 2 

 

At team level, the sample size was n = 107, with 27 original observed items. As we have a 

small sample, we applied the partial aggregation approach of structural equation modelling to 

test the proposed model at team level (Bentler and Chou, 1987). The partial aggregation 

approach retains each separate underlying factor while aggregating the indicators for each 

dimension of the overall construct (Bagozzi and Heatherington, 1994). 

We ran a CFA to test the overall model (Von der Heidt and Scott, 2007), obtaining an 

acceptable fit: χ2 = 406.99 (303), χ2/d.f. = 1.343, IFI = 0.944, CFI = 0.942 and RMSEA = 
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0.057. All latent variables AVE scores are above the 0.50 threshold and their AVE square roots 

are larger than their corresponding correlations, which validates the discriminant validity test 

(Fornell and Larcker, 1981). We also tested the common method bias at team level with the one 

factor CFA model. The results showed a very poor fit: χ2 = 947.07 (325), χ2/d.f. = 2.923, IFI = 

0.658, CFI = 0.653 and RMSEA = 0.135. Appendix A presents the models comparison at team 

level, the proposed seven-factor structure being clearly superior to all the other models. 

We employed structural equation modelling to test our model (see Figure 1). The model 

achieved an adequate fit: χ2 = 434.805(310), χ2/d.f. = 1.403, IFI = 0.932, CFI = 0.930 and 

RMSEA = 0.062. Table 3 also presents the model fit comparison between the proposed model 

and two other competing models (see the Notes of Table 3). 

 

Take in Table 3 

 

4.4 Hypotheses testing 

The estimation results for the proposed model are presented in Table 4 and in Figure 2. 

Hypotheses 1a, 1b, and 1c posit a positive association between Communication frequency 

and, respectively, Specialization, Coordination and Credibility. The SEM results validate H1b 

(β = 0.38, p < 0.01) and H1c (β = 0.39, p < 0.01), but contradict H1a, as the relationship between 

Communication frequency and Specialization is not statistically significant (p > 0.1). 

The results displayed in Table 4 validate the hypotheses regarding the relationship between 

Communication quality and the three TMS components: (H2a) Specialization (β = 0.49, p < 

0.01), (H2b) Coordination (β = 0.43, p < 0.001), and (H2c) Credibility (β = 0.51, p < 0.01). 

 

Take in Table 4 

 

Among the three hypotheses that predict a positive relationship between the TMS 

components and Knowledge sharing, H3a and H3c are validated, indicating that Specialization 

(β = 0.33, p < 0.05), and respectively, Credibility (β = 0.54, p < 0.01) are positively associated 

with intra-team Knowledge sharing. On the other hand, H2b is not validated, the results 

indicating a non-significant relationship between Coordination and Knowledge sharing. 

 

Take in Figure 2 
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Hypothesis H4 regarding the positive relationship between Knowledge sharing and Team 

creativity (β = 0.26, p < 0.1) is validated. 

Hypotheses H5a and H5b are validated, confirming the existence of a statistically 

significant positive association between Specialization and Team creativity (β = 0.36, p < 0.01), 

and, respectively, Coordination and Team creativity (β = 0.39, p < 0.01). On the other hand, the 

relationship between Credibility and Team creativity is not statistically significant, and thus, 

H5c is not validated (p < 0.1). 

Considering the explained variance of the main variables, the proposed model explains 34% 

of the variance in Specialization, 53% of the variance in Coordination, and 63% of the variance 

in Credibility. In what concerns Knowledge sharing, the proportion of explained variance is 

66%, and finally, for Team creativity, is 53% (see Table 4). 

 

5. Discussion 

Our empirical results provide interesting insights regarding (i) the role of communication 

dimensions involved in developing the socio-cognitive structure and processes expressed by 

the three TMS components, (ii) the relationships between TMS components and knowledge 

sharing, and (iii) the influence of TMS components and knowledge sharing on virtual team’s 

creativity. 

 

5.1 Communication dimensions and TMS components 

With one exception, both frequency and quality of intra-team communication are positively 

associated with the development TMS components. Communication quality – evaluated in 

terms of timeliness, correctness and usefulness – plays a substantial role in developing virtual 

team’s knowledge specialization, coordination, and credibility. In addition, communication 

frequency is essential for achieving knowledge coordination and credibility, but has no 

influence on knowledge specialization. This situation can be explained considering the 

dynamics of knowledge specialization within virtual teams. Usually, the decision to allocate a 

specific knowledge area to a particular team member is based on the extant expertise and 

experience of that person (McComb, 2007). For this reason, the intra-team division of 

knowledge is often part of the initial team profile, requiring only few messages to cognitively 

map the intra-team knowledge specialization. 
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The central role of communication quality and frequency supports the findings of Maynard 

et al. (2012) regarding the importance of intra-team interaction for TMS development, as well 

as the results of Kanawattanachai and Yoo (2007) regarding the influence of task-oriented 

communication on various TMS components. However, the approach adopted in our study 

requires some further clarifications in relation to these extant studies. First, contrary to Maynard 

et al.’s (2012) study, we consider that the influence of communication on TMS’ manifestations 

is not limited to the preparatory phase, shaping the evolution of Specialization, Coordination 

and Credibility during the entire project duration. 

Second, although the specific effects of the communication dimensions considered in our 

study cannot be directly compared with the results obtained by Kanawattanachai and Yoo 

(2007), as in their paper communication frequency and volume are integrated into a second-

order variable named “task-oriented communication”, their findings related to the temporal 

effect of intra-team communication clarify some of our results. In time, the influence of task-

oriented communication on specialization is reversed (Kanawattanachai and Yoo, 2007), which 

may explain the non-significant relationship between communication frequency and 

specialization obtained in our study. It is thus possible that the importance of communication 

on the cognitive mapping of team members’ knowledge specialization is limited to a few initial 

messages, disappearing or being reversed in the later phases of team interaction.  

 

5.2 TMS components and knowledge sharing 

Testing the relationship between TMS components and knowledge sharing, we obtained some 

interesting results, unveiling the specificities of intra-team knowledge management in virtual 

groups. Specialization and credibility have a significant positive relationship with knowledge 

sharing. These results were expected, since both TMS components enhance team members’ 

need and capacity to share their expert knowledge. Through specialization, virtual team 

members are forced to participate in the knowledge sharing process in order to create a 

knowledge pool that is large and diversified enough to lead to creative ideas (Curşeu, Schruijer 

and Boros, 2007; Mitchell and Nicholas, 2006). On the other hand, the cognitive credibility of 

team members induces acceptance, openness and respect for their expert contribution during 

the knowledge sharing process (Zhu, 2009). The positive links between these TMS components 

and knowledge sharing confirm the importance of team-level socio-cognitive structures and 
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processes in facilitating an open and effective sharing of information, opinions, and ideas 

between virtual team members.  

Somehow surprisingly, intra-team knowledge coordination has no significant relation with 

knowledge sharing. This counterintuitive result was clarified after interviewing a few team 

participants. The explanation is related to the theoretical conceptualization of teams’ knowledge 

coordination (Gabelica et al., 2016), and the specific challenges experienced by virtual teams 

to engage in interpersonal knowledge sharing.    

Regarding the theoretical definitions of coordination, the literature provides two 

perspectives: coordination as “output” (i.e., state of coordination or coordination success), 

considered as a result or component of emergent knowledge structures (e.g., TMS), and 

coordination as team “process” (i.e., coordinating) (Espinosa, Lerch and Kraut, 2004). The 

counterintuitive result of our analysis may be determined by a contradiction between the 

operational use of knowledge coordination for TMS formation – as a result, and for achieving 

knowledge sharing – as a process. Although in the first case the knowledge coordination still 

represents a valid TMS component indicating the existence of an effective TMS system in the 

investigated virtual teams, the process of knowledge coordination during knowledge exchange 

processes can be defined as “orchestrating the sequence and timing of interdependent actions” 

in the team (Marks et al., 2001), which include information exchange and behavioral 

adjustments. For example, to achieve knowledge sharing, participants will attempt to coordinate 

their contributions and behaviours in relation to other team members (Brannick, Roach and 

Salas, 1993), and in the context of knowledge sharing mechanisms deployed to facilitate and 

structure intra-team interaction (Espinosa et al., 2007).  

The  literature indicates the existence of several knowledge sharing mechanisms that are 

used depending on the specific characteristics of various teams and tasks (Wickramasinghe  and 

Widyaratne, 2012):  brainstorming and collaborative problem solving (Berends et al., 2006; 

Huang and Newell, 2003), team work processes (Al-Alawi, Al-Marzooqi and Mohammed, 

2007; Garrett and Caldwell, 2002), storytelling (Fong and Chu, 2006), training (Al-Alawi et al., 

2007), informal chatting (Al-Alawi et al., 2007; Fong and Chu, 2006; Newell et al., 2006), face-

to-face meetings, project briefing and reviewing sessions (Fong and Chu, 2006), and 

information technology-based mechanisms such as teleconferencing, newsgroups, e-mail, 

Wikis, web-based discussions, and knowledge sharing boards (Fong and Chu, 2006; Hall, 2001; 

Jones and Borgman, 2007). 
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To solve the problems related to technical, temporal and process coordination that are 

specific for virtual teams, knowledge sharing mechanisms are mostly promoting asynchronous 

interactions, while in face-to-face teams, the knowledge sharing sessions are often organized in 

a synchronous interaction mode. In face-to-face teams engaged in synchronous communication 

“only one person can talk at one time” (Baruah and Paulus, 2009, p. 33), which require 

interpersonal timing and content coordination to effectively enact a knowledge sharing session. 

However, virtual teams usually prefer asynchronous modes of communication, using computer-

based interactive platforms or applications that transmit and archive their members’ 

contribution to the team project (Malhotra and Majchrzac, 2004), which eliminates the need of 

strict timing and content coordination, as participants can simultaneously contribute to several 

different knowledge flows (Zhuge, 2002). A sign that knowledge coordination may not 

represent a relevant condition for knowledge sharing in virtual teams is the decision of Chen et 

al. (2013) to eliminate knowledge coordination from their list of TMS components – and as a 

determinant of knowledge sharing, outlining instead the central role of mailing lists and other 

project artefacts, such as repository logs, issue and bug trackers for globally-distributed 

teamwork. In light of this evidence, we explain the counter-intuitive result regarding the 

relationship between coordination and knowledge sharing using two arguments.  First, the 

coordination defined as a TMS component does not represent the type of coordination required 

to facilitate knowledge sharing processes. Second, the asynchronous mechanisms primarily 

used to achieve knowledge sharing in geographically distant virtual teams reduce or even 

eliminate the relevance of timing and content coordination among team members.  

 

5.3 TMS components and creativity 

Our study also clarifies the relationship between the TMS components and virtual team 

creativity. Two TMS components (i.e., specialization and coordination) have a statistically 

significant, positive association with team creativity. These findings reinforce the logic of 

virtual work based on a deep specialization of team members, complemented by clear rules of 

intra-team interaction. We thus confirm the findings obtained by Kanawattanachai and Yoo 

(2007) regarding the positive effect of knowledge coordination on team performance, and 

further we demonstrate the existence of a direct relationship between specialization and team 

creativity. 
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However, credibility does not have a statistically significant relationship with team 

creativity, which represent a counterintuitive result. The literature defines knowledge 

credibility as cognitive trust, which is based on team members’ belief in their colleagues’ 

expertise and reliability (McAllister, 1995). Extant studies do not provide consistent findings 

(Bidault and Castello, 2009).  In some cases, credibility or cognitive trust has a positive 

relationship with team creativity (Barczac, Lassk and Mulki, 2010; Wei, Thurasami and Popa, 

2018), in other papers its influence is not direct, but mediated by other team processes such as 

knowledge sharing (Wu, Zhao and Pan, 2016), team creative efficacy (Ali, Wang and Khan, 

2019) or knowledge creation capability (Cao and Ali, 2018), while in yet other studies, the 

effect on creativity varies depending on the level of trust (Bidault and Castello, 2009 and 2010).  

Several interesting studies (Porac et al., 2004; Skilton and Dooley, 2010) indicated that 

repeat collaboration, and consequently the existence of TMS, can suppress the diversity of idea 

generation, as well as the disclosure of and advocacy for new ideas in creative project teams 

(Langfred, 2004), as some team members may cede responsibility for parts of the problem to 

trusted colleagues and monitor them less. Finally, a more nuanced interpretation of the 

relationship between credibility and team creativity was provided by Bidault and Castello (2009 

and 2010), who demonstrated that very low or very high cognitive trust amongst team members 

can limit team creativity, while a moderate level of trust enhances creative performance, by 

inducing an appropriate balance between the acceptance and criticism of expressed ideas.  

We subscribe to this idea to explain our counterintuitive result regarding the non-significant 

relationship between credibility and virtual team creativity, as our measurements do not permit 

to assess the level of cognitive trust developed between virtual team members, but only to 

confirm its presence.  

 

5.4 Knowledge sharing and team creativity 

Knowledge sharing has a relatively weak but positive relationship with Team creativity, which 

confirms the central role of this team-level process for new idea generation (Gong et al., 2009; 

Hargadon and Bechky, 2006; Paulus, 2010). This result clearly indicates that the existence of a 

functional TMS is often not enough for achieving team performance, requiring the effective 

implementation of other team processes to access, mobilize, exchange, integrate, and apply the 

available cognitive resources to the problem faced by the team (Cao and Ali, 2017; Huang and 

Chen, 2018; Li, Hao and Ren, 2015). The low statistical strength of this relationship may be 
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explained by the need to include in the model other socio-cognitive processes – that may 

mediate the relationship between Knowledge sharing and Team creativity. Two such potential 

process are absorptive capacity and knowledge integration, which fully mediate the positive 

relationship between knowledge sharing and team creativity in the study of Men et al. (2019). 

 

6. Implications 

 

6.1 Theoretical implications 

Our findings have several theoretical implications for virtual teams’ work, knowledge 

management, and creativity.  

Although communication plays a clear and central role in TMS’ development and 

functioning (Liao et al., 2012; Peltokorpi and Hood, 2019; Ren and Argote, 2011; Yan et al., 

2021), the specific influence of the main communication dimensions – volume, frequency and 

quality - on TMS components is often neglected in empirical papers. Complementing the 

findings of Yoo and Kanawattanachai (2001) regarding the role of communication volume for 

TMS development in virtual teams, our study confirms the relevance of communication 

frequency and quality for the effective development of the three TMS components. However, 

it is important to note that communication frequency does not have a significant association 

with knowledge specialization - as this is often a pre-existing condition and/or criterion for 

recruiting digital team’s members. Our study also indicates that communication frequency and 

quality have an important role not only for the development phase of the TMS – as demonstrated 

by Kanawattanachai and Yoo (2000) for task-oriented communication, but also for the 

subsequent maintenance and functioning of its components. However, further research is 

necessary to fully validate this assumption with longitudinally designed projects. Future studies 

can also investigate the frequency and quality of communication in relation to the performance 

of specific channels and methods of digital communication.  

Another significant contribution to the TMS literature is the confirmation that knowledge 

sharing is not an implicit part of the TMS concept, representing an independent intra-team 

process. This latent controversy is determined by some authors (Huang and Chen, 2018; Huang 

and Hsieh, 2017; Liu et al., 2019; Ren and Argote, 2011) who include knowledge sharing 

among TMS’ internal functions or processes: “groups with a well-developed TMS exhibit 

differentiation where different members specialize in learning, remembering and sharing 
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different knowledge” (Ren and Argote, 2011, p. 193) or “the TMS process focuses on 

knowledge sharing, coordination and exchange between team members” (Huang and Chen, 

2018, p. 93). However, other authors clearly differentiate between TMS components, processes 

and functions, and knowledge sharing, by using both variables in their empirical models (Chen 

et al., 2013; Choi et al., 2010; Simeonova, 2018). Based on our findings, we posit that TMS 

represents a socio-cognitive framework for organizing and managing intra-team knowledge, 

that offers and enhances the potentiality of knowledge sharing and application, but which does 

not cover the process of creative knowledge exchange.  

According to our findings, knowledge sharing is, however, directly influenced by two of 

the three TMS components. The counter-intuitive result regarding the relationship between 

coordination and knowledge sharing indicates the necessity to further clarify the conceptual 

definition and measurement of coordination, in order to better differentiate between its ‘state’ 

and ‘process’ aspects. On the other hand, in line with other extant studies, our research outlines 

the specificity of virtual teams regarding knowledge exchange coordination, and especially the 

role of IT support systems and knowledge sharing mechanisms in facilitating team members’ 

contribution and interaction.  

Our findings also address the controversy regarding the direct or mediated influence of TMS 

components on team’s performance (in this study defined as team’s creativity), outlined by 

Austin (2003). Extant TMS research presents two alternative models – some authors 

considering a direct influence of TMS on team’s performance (Cabeza-Pullés, Gutierrez-

Gutierrez and Llorens-Montes, 2018; Gino et al., 2009 and 2010; Huang and Hsieh, 2017), 

while others propose a relation between TMS and team performance mediated by teamwork 

processes (Hsu et al., 2012), team engagement (Guchait, 2016), knowledge sharing (Tsai et al., 

2016) or knowledge transfer (Wang et al., 2018).                                                                                                                                                                                                          

Our study mitigates this dichotomy demonstrating that TMS’ components have both a direct 

and a mediated effect on team’s creativity.  Empirical results indicate that two TMS components 

have a significant direct impact on team’s creativity – i.e., specialization and coordination, 

while the effect of credibility is mediated by knowledge sharing. The non-significant 

relationship between credibility – or cognitive trust – and creativity represents a fertile ground 

to challenge the extant theoretical models that link cognitive trust to positive team outcomes. 

As a number of researchers have demonstrated (Bidault and Castello, 2009 and 2010; Porac et 

al., 2004; Skilton and Dooley, 2010) a high level of cognitive trust developed amongst team 
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members who worked a long time with each other may diminish the so-called “creative 

abrasion”, reducing intra-team criticism, and consequently, the creative performance. From this 

perspective, the dominant positive interpretation of the cognitive trust-creativity relationship 

should be revisited and further nuanced, in order to understand in what type of teams, projects 

and organizational contexts cognitive trust may quantitatively or qualitatively limit the creative 

output. 

 

6.2 Managerial implications 

The management of virtual teams can be more challenging than the coordination of collocated 

teams. To create proper conditions for members’ collaboration, knowledge sharing and 

creativity, team leaders should identify, understand and address the specific challenges raised 

by team’s virtual process. 

The central role of communication frequency and quality for TMS development requires 

virtual team leaders and organizational managers to provide a normative framework for formal 

interactions, occasions for informal discussions and the technical IT infrastructure necessary to 

ensure frequent and high-quality communication among virtual team members. However, since 

the frequency of communication has a non-significant relationship with the specialization of 

knowledge within the virtual team, the team leader should open the intra-team communication 

flow with a general presentation message, outlining the extant expertise and experience of team 

members. This initiative may facilitate the mapping of knowledge domains and the further 

specialization within the team, as most members will probably continue to develop their extant 

are of expertise.  

Once the team’s TMS is developed and becomes functional, it represents a useful tool to 

quickly identify, access and transfer the relevant knowledge detained by different team 

members to achieve the defined team’s task. However, to take full advantage of these socio-

cognitive resources, the team leader must organize team processes that offer team members 

effective opportunities to share their knowledge and contribute to the completion of collective 

task. As our empirical model demonstrates, to enhance team creativity, knowledge sharing 

activities must be implemented using appropriate IT platforms, tools and applications to 

facilitate interaction and knowledge contribution from geographically dispersed team members. 

Although virtual teams lack the advantage of face-to-face communications, in some cases this 

can represent an advantage, as these teams are forced to implement asynchronous modes of 
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communication that may reduce the speed of the creative process, but which allow more 

flexibility, requiring a lower level of intra-team time and content coordination. During 

knowledge sharing sessions, the extant team knowledge is presented, discussed, assessed and 

processed, leading to novel ideas that are gradually refined and transformed into creative 

propositions.  

Our findings outline the potential negative effects of high cognitive trust and familiarity on 

virtual team creativity. When the team has functioned in the same formation for a long time, or 

when some members know each other from other projects, the ‘creative abrasion’ amongst team 

members may diminish, as the level of criticism and idea divergence is lowered, leading to an 

insufficient creative performance. Team leaders can avoid this by monitoring the level of intra-

team confidence and familiarity, and attempting to preserve it to a moderate level; in other 

words, to develop sufficient interpersonal trust to facilitate team members’ interaction, but not 

too much confidence to destroy the dynamism of the creative process based on the confrontation 

between different personal ideas, opinions and interpretations. On the other hand, the specific 

techniques of collective brainstorming sessions can be complemented with the critical role of a 

devil’s advocate(s) that can be played either by one or several team members, or by an 

independent group of experts.  

 

7. Conclusion 

Addressing several knowledge gaps regarding the development and use of TMS in virtual 

teams, this study provides important insights regarding the role of communication as a TMS 

determinant, the importance of knowledge sharing processes for effectively exploiting the 

cognitive resources embedded into the team’s TMS, and the relationship between various TMS 

components and team creativity.  

Most of our hypotheses have been confirmed by the applied statistical tests. However, three 

research hypotheses have not been confirmed, representing counterintuitive findings in relation 

to the main body of literature. To make sense of these results, we mobilized alternative 

theoretical models and studies (Bidault and Castello, 2009 and 2010; Espinosa et al., 2004; 

Kanawattanachai and Yoo, 2007) that present a more nuanced perspective of the investigated 

concepts and relationships. These alternative explanations are extremely important to evidence 

the differences between TMS emergence and team creativity in collocated versus virtual teams. 

These counterintuitive findings require not only further investigation but also the 
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implementation of specific research standards and managerial practices – that we outlined in 

the theoretical and managerial implications of our study. 

This paper has several limitations that offer several research opportunities. Considering that 

TMS development and use represents a dynamic process, future studies should employ a 

longitudinal data collection to identify the existence of critical events and assess the importance 

of time for the effective functioning of virtual teams. On the other hand, our methodology 

should be applied to other virtual groups, to enrich and validate our findings, and further clarify 

the relationship between coordination and knowledge sharing, or credibility and team creativity. 

Last, but not least, our quantitative approach should be complemented by qualitative studies 

that can provide a more complete and detailed picture of the complex relationships between 

virtual team members, the actions deployed to develop a functional TMS, and the processes 

implemented to exploit and manage knowledge, in order to enhance virtual teams’ performance. 

All in all, given the current global need to understand and improve the function of virtual work 

in general and virtual teams in particular, this study (re-)opens the door for more research on 

the field.    
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Figure 1. Proposed conceptual model 
 
 
 
           
 

 
 

Figure 2. Tested empirical model 
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Table 1. Discriminant validity of constructs measures 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Constructs Items F1 F2 F3 F4 F5 F6 F7

Team Creativity (F1) Cre1 0.814 -0.088 0.041 0.078 -0.115 0.021 0.046

Cre2 0.847 -0.076 0.035 0.070 0.071 -0.093 0.003

Cre3 0.885 -0.021 -0.002 -0.033 -0.016 0.027 0.026

Cre4 0.796 0.057 -0.014 -0.037 0.001 0.058 -0.055

Cre5 0.839 0.087 -0.054 -0.028 0.024 -0.018 -0.020

TMS Coordination (F2) TMSc1 0.114 0.602 -0.071 0.048 0.173 0.111 -0.024

TMSc2 -0.090 0.923 -0.081 0.038 -0.014 -0.008 -0.018

TMSc3 -0.077 0.867 -0.002 -0.004 -0.041 -0.017 0.088

TMSc4 0.168 0.691 0.131 -0.073 0.012 0.007 -0.014

TMSc5 0.010 0.847 0.079 -0.013 -0.060 -0.052 -0.041

Knowledge Sharing (F3) KS2 -0.093 -0.001 0.826 0.089 0.045 -0.004 -0.089

KS3 0.050 -0.022 0.901 -0.078 -0.020 -0.019 0.035

KS4 0.050 -0.014 0.792 0.009 0.033 0.023 0.029

KS5 0.017 0.082 0.752 0.026 -0.011 0.035 0.040

TMS Specialization (F4) TMSa1 0.011 -0.043 0.082 0.785 0.086 -0.076 -0.006

TMSa3 -0.084 -0.003 -0.011 0.827 0.029 0.083 0.042

TMSa4 0.023 0.044 0.014 0.796 -0.106 0.041 0.064

TMSa5 0.098 0.010 -0.044 0.814 -0.017 -0.038 -0.099

Communication quality (F5) CQ1 -0.059 0.135 -0.031 0.024 0.835 -0.060 0.021

CQ2 0.090 -0.070 -0.052 0.017 0.839 0.073 0.005

CQ3 -0.054 -0.082 0.114 -0.041 0.918 -0.016 -0.022

TMS Credibility (F6) TMSb1 0.067 -0.031 -0.058 -0.007 -0.025 0.894 0.005

TMSb2 -0.044 -0.049 0.109 -0.045 0.019 0.918 -0.023

TMSb3 -0.034 0.069 -0.025 0.070 -0.001 0.803 0.012

Communication Frequency (F7) FC1 0.061 0.017 -0.068 0.031 0.197 -0.011 0.664

FC2 -0.002 -0.020 -0.001 -0.107 -0.004 0.041 0.880

FC5 -0.035 0.017 0.046 0.081 -0.110 -0.043 0.834

Eigenvalue 10.369 2.076 1.639 1.474 1.280 1.260 1.085

Percentage of variance explained 38.405 46.095 52.167 57.627 62.367 67.035 71.053

Factor Analysis
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Table 2. Team-level descriptive statistics 
 

Note: AVE= Average Variance Extracted. Diagonal represents square roots of AVE scores. ** 
p < 0.01 
 
 
 
 

Table 3. Structural model fit comparison 
 

Note: Competing model 1 assumes an indirect effect of TMS' manifestations on Creativity via 
Knowledge sharing; Competing model 2 assumes only a direct effect of TMS' manifestations 
on Creativity without an indirect effect via Knowledge sharing 
 
 
 
 
 
 
 
 

 1 2 3 4 5 6 7 
Team creativity 
Coordination 

 0.81 
0.516** 

 
0.79 

     

Knowledge sharing 
Communication quality 

0.408** 
0.410** 

0.437** 
0.459** 

 0.79 
0.478** 

 
 0.80 

   

5. Specialization 0.533** 0.429** 0.341** 0.329**   0.75   
6. Communication frequency 0.259** 0.408** 0.459** 0.468**  0.183  0.72  
7. Credibility 0.450** 0.518** 0.329** 0.413** 0.432** 0.335** 0.87 
Mean 4.61 4.58 4.65 4.81 4.56 4.95 5.00 
SD 0.48 0.53 0.48 0.48 0.47 0.68 0.53 
AVE 0.66 0.62 0.62 0.65 0.57 0.52 0.76 
Cronbach's Alpha 0.90 0.89 0.86 0.84 0.83 0.77 0.91 
RWG mean 0.90 0.88 0.87 0.85 0.85 0.75 0.86 
ICC1 0.65 0.61 0.61 0.63 0.55 0.52 0.75 
ICC2 0.90 0.88 0.86 0.84 0.83 0.77 0.90 

 

χ² df χ²/df IFI CFI RMSEA Comparison 
Proposed model 434.805 310 1.403 0.932 0.930 0.062 Base model 
Competing model 1 457.407 313 1.461 0.921 0.920 0.066   Δχ²=22.602/3df p<0.00
Competing model 2 513.107 313 1.639 0.891 0.889 0.078 Δχ²= 55.7/df p<0.00 
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Table 4. Results of the structural model

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 β t 
Communication frequency            Credibility 0.38** 3.10 
Communication frequency            Specialization       0.13 0.92 
Communication frequency           Coordination 0.39** 2.74 
Communication quality                Specialization 0.49*** 3.21 
Communication quality                Credibility 0.51*** 4.20 
Communication quality                Coordination 0.44** 3.27 
Specialization                               Knowledge sharing 0.33*** 3.30 
Credibility                                     Knowledge sharing 0.54*** 4.74 
Coordination                                 Knowledge sharing 0.06 0.64 
Knowledge sharing                       Team creativity 0.26* 1.70 
Specialization                               Creativity 0.36** 2.95 
Credibility                                     Creativity      -0.15 -1.03 
Coordination                                 Creativity       0.39*** 3.39 
R² 
Creativity 

  
0.53 

 

Specialization  0.34  

Coordination  0.53  

Credibility  0.65  

Knowledge sharing  0.63  

Note: *** p < .01; ** p < .05; * p< .10. Two level tested.   
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Appendix A: Comparison of measurement models  
 
 

 
Note: CF = Communication frequency; CQ = Communication quality; S = Specialization; Co 
= Coordination; C = Credibility; KS = Knowledge sharing; TC = Team creativity 
 
 
 
 
 
 
 
 
 
 

Structure χ² d.f χ²/d.f IFI CFI RMSEA Δ χ²a Δ χ²/d.f.a 

 

Individual Level analyses 
Model 1: Seven- 724.80 303 2.392 0.952 0.951 0.051 

  

Model 2: Six-Factor 1078.38 
309 3.49 0.912 0.911 0.068 353.58 58.93 

Model 3: Six-Factor 1280.21 
309 4.143 0.889 0.888 0.077 555.41 92.57 

Model 4: Six-Factor 1215.61 
309 3.934 0.897 0.896 0.074 490.82 81.80 

Model 5: Six-Factor 1246.73 309 4.035 0.893 0.892 0.075 521.93 86.99 

Model 6: Six-Factor 1151.04 309 3.725 0.904 0.903 0.071 426.24 71.04 

Model 7: Six-Factor 1188.56 
309 3.846 0.9 0.9 0.073 463.76 77.29 

Model 8: Six-Factor 1002.33 309 3.244 0.921 0.92 0.065 277.54 46.26 

Model 9: Six-Factor 1104.36 309 3.574 0.889 0.909 0.069 379.56 63.26 

Model 10: Six-Factor 1164.72 309 3.769 0.902 0.902 0.072 439.92 73.32 

Model 11: Six-Factor 1151.04 309 3.725 0.904 0.903 0.071 426.24 71.04 

Model 12: Six-Factor 1325.95 309 4.291 0.884 0.883 0.079 601.15 100.19 

Model 13: Six-Factor 1616.22 309 5.147 0.911 0.85 0.088 891.43 148.57 

Model 14: Six-Factor 
combining Co and 1089.80 

 
309 

 
3.527 

 
0.881 

 
0.91 

 
0.069 

 
365.00 

 
60.83 

CQ        

Model 15: Six-Factor 1236.33 309 4.001 0.894 0.893 0.075 511.53 85.26 

Model 16: Six-Factor 
combining Co and 1325.95 

 
309 

 
4.291 

 
0.884 

 
0.883 

 
0.079 

 
601.15 

 
100.19 

TC        

Model 17: One-factor 3090.96 324 9.54 0.684 0.682 0.126 2366.16 112.67 
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Note: CF = Communication frequency; CQ = Communication quality; S = Specialization; Co 
= Coordination; C = Credibility; KS = Knowledge sharing; TC = Team creativity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Structure χ² d.f χ²/d.f IFI CFI RMSEA Δ χ²a Δ χ²/d.f.a 

Team Level analyses        

Model 1: Seven- 406.99 303 1.343 0.944 0.942 0.057 
  

Model 2: Six-Factor 501.71 309 1.624 0.895 0.893 0.077 94.72 15.79 

Model 3: Six-Factor 514.19 309 1.664 0.888 0.886 0.079 107.20 17.87 

Model 4: Six-Factor 535.84 309 1.734 0.877 0.874 0.083 128.86 21.48 

Model 5: Six-Factor 514.09 309 1.664 0.888 0.886 0.898 107.10 17.85 

Model 6: Six-Factor 499.78 309 1.617 0.896 0.894 0.076 92.80 15.47 

Model 7: Six-Factor 491.41 309 1.590 0.901 0.898 0.075 84.42 14.07 

Model 8: Six-Factor 453.52 309 1.468 0.921 0.919 0.066 46.53 7.75 

Model 9: Six-Factor 514.19 309 1.664 0.888 0.886 0.079 107.20 17.87 

Model 10: Six-Factor 578.00 309 1.865 0.854 0.851 0.090 171.01 28.50 

Model 11: Six-Factor 492.22 309 1.593 0.900 0.898 0.075 85.24 14.21 

Model 12: Six-Factor 616.28 309 1.994 0.833 0.829 0.097 209.29 34.88 

Model 13: Six-Factor 469.44 309 0.913 0.891 0.911 0.070 62.46 10.41 

Model 14: Six-Factor 
combining Co and 494.75 

 
309 

 
1.601 

 
0.899 

 
0.897 

 
0.075 

 
87.76 

 
14.63 
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Appendix B: Questionnaire items 
 

 
 
 
 
 

Team creativity (Rego et al., 2007) 
1. My team members suggest new ways to achieve goals or objectives.  
2. My team members come up with new and practical ideas to improve performance.  
3. My team members have new and innovative ideas.  
4. My team members promote and champion ideas to others.  
5. My team members exhibit creativity when given the opportunity to.  
TMS (Lewis, 2003) 
       Specialization  
1. Each team member has specialized knowledge of some aspect of our project. 
2. I have knowledge about an aspect of the project that no other team member has. 
3. Different team members are responsible for expertise in different areas. 
4. The specialized knowledge of several different team members was needed to complete the project 
deliverables. 
5. I know which team members have expertise in specific areas. 
       
       Credibility (Lewis, 2003) 
1. I was comfortable accepting procedural suggestions from other team members. 
2. I trusted that other members’ knowledge about the project was credible. 
3. I was confident relying on the information that other team members brought to the discussion. 
4. When other members gave information, I wanted to double-check it for myself. (reversed) 
5. I did not have much faith in other members’ expertise. (reversed) 
       
      Coordination (Lewis, 2003) 
1. Our team worked together in a well-coordinated fashion. 
2. Our team had very few misunderstandings about what to do. 
3. Our team did not need to backtrack and start over a lot.  
4. We accomplished the task smoothly and efficiently. 
5. There was no confusion about how we would accomplish the task.  

Knowledge sharing (Sue et al., 2010; Suh and Shin 2010) 
1. Our team members provide their manuals and methodologies for other team members.  
2. Our team members share their experience or know-how from work with other team members. 
3. The knowledge shared by team members is helpful to complete my tasks 
4. The knowledge shared by team members is accurate 
Communication frequency (Penley and Hawkins, 1985)   

 I often communicate with team members online. 
 Our team members communicate online more than face-to-face. 
 Our team members often communicate with different online platforms 

Communication quality (Stewart and Gosain, 2006) 
1. People on my team answer each other's questions in a timely manner.  
2. Team members’ responses to each other's questions arc correct and useful. 
3. People on my team answer each other's questions in a thoughtful manner.  

 


