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Abstract. Scholars and practitioners agree that virtual teams (VTs) have be-

come commonplace in today's digital workplace. Relevant literature argues that 

learning constitutes a significant contributor to team member satisfaction and 

performance, and that, at least in face-to-face teams, team cohesion fosters team 

learning. Given the additional challenges VTs face, e.g. geographical disper-

sion, which are likely have a negative influence on cohesion, in this paper we 

shed light on the relationship between team cohesion and team learning. We 

adopted a quantitative approach and studied 54 VTs in our quest to understand 

the role of feedback in mediating this relationship and, more specifically, the 

role of personality traits in moderating the indirect effect of team feedback and 

guided reflection intervention on TL through team cohesion within the VT con-

text. Our findings highlight the importance of considering aspects related to the 

team composition when devising intervention strategies for VTs, and provide 

empirical support for an interactionist model between personality and emergent 

states such as cohesion. Implications for theory and practice are also discussed. 

Keywords: virtual teams, team cohesion, team learning, computer-mediated 

communication. 

1 Introduction 

Today’s organizations rely extensively on virtual teams (VTs) supported by rapid 

technological advancements and globalization [1]. These teams have become an es-

sential mechanism in the creation of valuable knowledge and learning in modern or-

ganizations. In addition, learning is an important process that helps teams and organi-

zations to adapt to the ever-changing environment and achieve their goals [2, 3]. 

Thus, the present study focuses on learning at the team level, and team learning (TL) 
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is conceptualized as a process of adapting to change that leads to enhanced under-

standing or improved performance in teams [4]. Likewise, it helps team members to 

build and maintain a mutually shared cognition that increases perceived team perfor-

mance [5]. Ortega et al. [6] highlighted that TL is a vital aspect in VTs, showing that 

it fosters satisfaction, team viability, and performance. TL is a social process that 

emerges through team members’ interactions, which are influenced by beliefs about 

the team’s interpersonal context [3]. In this context, the present study focuses on team 

cohesion, which has been found to foster TL in face-to face teams “by increasing the 

motivation, trust, and cognitive familiarity for productive inquiry” [7].  

VTs have some advantages, like the possibility to overcome geographical, 

temporal and organizational barriers, which facilitates the inclusion of members with 

diverse skills and knowledge [8]. However, VTs’ characteristics pose several chal-

lenges to learning. For example, these teams might experience an increased difficulty 

to build a shared understanding [9], take longer time to reach an agreement [10], and 

experience difficulties in information processing [11]. Furthermore, some authors 

consider that in teams with high virtuality it might be difficult to develop ties between 

members, which can hinder the development of relational processes, emergent states, 

and negatively influence performance and collaboration [12]. Consequently, techno-

logical mediation has been found to have a negative impact on cohesiveness, affecting 

interpersonal and normative bonds in VTs [12]. Consequently, some authors point 

that training interventions may be a viable strategy to overcome these challenges [13]. 

Following this logic, we developed a team feedback intervention which includes a 

period of reflection, to examine how to improve team cohesion and learning in virtual 

teams. In this intervention, after receiving process and results feedback, the teams 

engaged in a period of joint reflection. Furthermore, taking into consideration that 

team cohesion emerges from the social interactions between team members, it is nec-

essary to ponder how the composition of the team, concretely deep-level composition 

characteristics like the personality of the team, can play a relevant role in this rela-

tionship [13–15]. 

In sum, the present study aims to investigate a moderated mediation model in 

which team personality moderates the indirect effect of team feedback on team learn-

ing through team cohesion in virtual teams. 

1.1 Team cohesion and learning in virtual teams. 

Identifying the conditions that promote TL has been a significant area of study during 

the last decade, emphasizing the importance of several emergent states in the devel-

opment of TL [4, 5]. Following Van den Bossche et al. [3] team cohesion is a relevant 

factor for team learning. Previous research has found that  cohesive teams tend to 

display greater team mental model convergence and enhanced collaboration, commu-

nication, and trust, creating an environment that facilitates TL [2], [5]. In this study, 

team cohesion is conceptualized as team members’ tendency to stay together because 

of positive relationships with other members and shared commitment to the team’s 

task [15, 16].  
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However, despite the importance of team cohesion in facilitating TL, to our 

knowledge, research about this relationship in VTs is scarce [3]. In general, VTs face 

challenges that interfere with the creation of a positive social atmosphere and strong 

relationships among team members [1]. Following the Media Richnness Theory, 

computer-mediated communication (CMC) is less rich and hinders the development 

of relationships, group cohesion, and problem solving during the initial stages of the 

team [17]. In virtual settings, cohesion needs more time to develop [18], and is more 

difficult due to the lack of information [12]. However, VTs that receive training based 

on feedback and collective reflection have been found to display greater cohesion and 

collaborate in a more constructive way [19–21]. 

 

1.2 The effect of a team feedback and reflection-based intervention  

Lacerenza and collaborators [13] stated that organizations can facilitate success in 

VTs through training, and called for research on training strategies in VT. The present 

paper proposes a training intervention based on feedback and guided reflection as a 

strategy to improve a VT’s learning and cohesion [20], [22]. Team feedback consists 

of information provided by an external agent about previous actions, events, process-

es, and behaviors related to the task and the team’s functioning [20]. Previous re-

search suggests that providing feedback to teams has a positive impact on team cohe-

sion [19]. Concretely, teams that receive feedback spend time discussing their reac-

tions to the feedback and how to improve the team’s functioning, and they work to-

ward establishing the team’s goals [19]. Furthermore, a period of guided collective 

reflection may help team members to change their teamwork by uncovering ways to 

improve and clarifying misunderstandings [20], [23].  

Following the Social Information Processing theory, Burke and collaborators  

[17] found that cohesion in computer-mediated communication environments is lower 

than in face-to-face teams and develops over time.  Moreover, they found that, as 

members share and discuss information and their opinions converge, they experience 

increased cohesion [17], which can be facilitated by feedback and guided reflection 

intervention. In this vein, Villado and Arthur [21] conducted a study comparing teams 

that carried out “After Action Reviews” (AAR) with teams that did not. Their results 

suggested that setting goals collaboratively, reviewing and discussing strategies and 

behaviors to improve performance, facilitated the emergence of  team cohesion [21]. 

Furthermore, Gabelica and collaborators [20] pointed out that team feedback followed 

by guided group reflection helps teams to process the feedback, improving perfor-

mance and learning in face-to-face teams. Therefore, based on the previous rationale, 

we propose the first hypothesis:  

Hypothesis 1: Team feedback and guided reflection will have a positive indirect 

effect on TL via team cohesion in VTs. 
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1.2 The role of team personality 

Furthermore, the impact of interventions on team processes and emergent states might 

be influenced by the team’s composition [13], [24]. Some authors highlight that the 

personality of team members can alter relational patterns during teamwork and the 

way the team adapts to changes [14]. This can modify the relationship between the 

team feedback and guided reflection intervention and team cohesion [25, 26]. Howev-

er, the interactive effects of more profound team composition characteristics like per-

sonality on team processes have seldom been studied in VTs [1], [24], [27]. In the 

context of the present research, team personality is understood as the average team 

level of two relevant personality traits [15], [27], [28]. The question addressed in this 

study is how team personality traits influence the effect of a team feedback and guid-

ed reflection intervention on TL, via team cohesion, in VTs. 

The present study focuses on two personality traits, openness to experience 

and agreeableness, which influence the development of team cohesion and TL on 

highly interactive tasks [29]. First, openness to experience is defined as the tendency 

to be open-minded, flexible, imaginative, and curious [30]. High openness to experi-

ence indicates a tendency to not avoid conflict and to try to solve problems collabora-

tively by seeking alternative solutions [27]. Furthermore, open individuals are more 

helpful when interacting in a team context, and they have positive attitudes toward 

minorities [27]. Therefore, teams with high scores on openness are considered more 

adaptable and open to experiencing new things and collaborating [31]. Openness also 

facilitates team adaptation and the generation of alternatives and testing of new ideas 

[14]. These characteristics might help to develop cohesion in teams that receive and 

review feedback collectively and collaboratively, whereas their absence could hinder 

this process. Second, agreeableness is defined as a tendency to be good-natured, 

friendly, cooperative, modest, and tolerant [30]. Individuals with high agreeableness 

often look for ways to achieve the team’s goals, even if they are in conflict with their 

own goals [15]. In teams with high agreeableness, members try to engage in positive 

interpersonal processes, maintain social harmony, and reduce within-group competi-

tion [32]. By contrast, teams low in agreeableness tend to be argumentative, inflexi-

ble, uncooperative, intolerant, and disagreeable, thus displaying lower teamwork [32]. 

According to McGrath [33], when team members’ opinions converge, they experience 

increased cohesion. Hence, when teams engage in a feedback review process, high 

agreeableness might help them to develop team cohesion through consensus and 

agreement.  

Therefore, we propose a moderated mediation model where team personality traits 

(openness to experience and agreeableness) moderate the indirect effect of a team 

feedback and guided reflection intervention on TL through team cohesion, using a 

moderated mediational model, in VTs. Figure 1 presents the research model. Conse-

quently, we propose the following two hypotheses: 

Hypothesis 2: The indirect effect of team feedback with reflection on team learning 

via team cohesion will be moderated by openness to experience. 

Hypothesis 3: The indirect effect of team feedback with reflection on team learning 

via team cohesion will be moderated by agreeableness. 
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Fig. 1.  Research model. 

2 Method 

2.1 Sample 

The sample was composed of 212 students enrolled in an Organizational Psychology 

course at a Spanish University. Gender distribution was 169 females and 43 males, 

with an average age of 23.91 years (SD=4.38). Participants were randomly assigned 

to teams of four members, taking into account the gender balance and maintaining the 

existing proportion of men to women among the population in the School of Psychol-

ogy (there are three females and one male on each team). This process resulted in 54 

participating teams. Participation in this experiment was voluntary, and it was an 

alternative way to complete the practical classes in the course. 

2.2 Procedure 

A laboratory experimental study was designed to test the hypotheses of this study. 

Teams were randomly assigned to either the experimental (twenty-eight teams) or 

control (twenty-six teams) condition. The two conditions were equal, except that the 

experimental teams received feedback. Each team attended the laboratory for three 

weeks, carrying out one work session each week. Participants attended an informative 

meeting where they signed a contract declaring their commitment to participating in 

the experiment, which included a norm stating that the participants were not allowed 

to meet their teammates outside the laboratory during the experiment. This was con-

trolled by checking the chat logs created during the work sessions. 

Team feed-

back interven-

tion 

Team co-

hesion 

Team 

learning 

Openness to 

experience 

Agreeableness 
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 The tasks used were decision-making tasks and correspond to quadrant 2 of 

Argote and McGrath’s [34] circumflex model, where the objective is to select a re-

sponse proposed by the team, and the level of interdependence between team mem-

bers is high. These tasks are suitable for delivering outcome and process feedback. 

The team feedback manipulation is described below. 

During sessions 1 and 2, teams performed two decision-making tasks with a 

correct answer provided by experts (intellective tasks), “Lost at sea” [35] and “Wild-

fire” [36], making it possible to deliver team performance feedback.  

During session 3, teams performed a decision task simulating a business en-

vironment, increasing the possibility of generalizing the results to real project teams. 

Teams had to select and arrange three human resources services from a pool of 12 

possible services distributed among team members. After each session, participants 

completed an electronic questionnaire with the measures used in this study. 

All teams worked in a virtual setting using synchronous CMC via Microsoft 

Groove 2007. In fact, each participant worked in a separate room at a workstation, 

and they were not informed of the team composition. This program features several 

tools (chat, whiteboard, notepad, shared workspace) that allow teams to work and 

share using the computer. During the informative meeting, all participants were brief-

ly instructed in the use of this specific program for 15 min. 

2.3 Team feedback and guided reflection intervention 

A team feedback and guided reflection intervention was carried out in session 1 and 

session 2. It was based on the delivery of outcome and process feedback and a subse-

quent reflection period about it.  

Teams received outcome feedback about the quality of the decision reached by 

each team and its members. The researcher acted as an instructor, guiding the team in 

understanding the feedback. The main requirements to solve these tasks consist of 

analyzing the situation, combining the individual contributions adequately, and devel-

oping an effective communication process. 

In this vein, process feedback was based on individual and group perceptions of the 

interaction process developed while completing the tasks. These perceptions were 

collected through a checklist proposed in the studies by Warkentin and Beranek [37] 

and Beranek and Martz [38]. Team members rated several items on a 5-point scale. 

This information was summarized on a graph representing the levels of these percep-

tions. The core group processes included were: planning (e.g., ‘‘At the beginning of 

the team interaction, we defined the goals’’), coordination (e.g., ‘‘We established a 

sequence to take turns speaking’’), written communication strategies (e.g., ‘‘Team 

members used short, direct sentences to communicate’’), information sharing man-

agement (e.g., ‘‘Team members shared their information and knowledge’’), and so-

cio-emotional processes (e.g., ‘‘Team members relied on other team members to 

solve any problems arising during the interaction’’). The instructor acted as a coach 

by helping the team to analyze its results. 
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Next, the instructor asked the team to discuss their strengths and weaknesses to de-

sign strategies to improve their efficacy in future sessions. Fig. 2 shows the procedure 

for experimental and control teams. 

 

 
 

 

 

Fig. 2. Procedure for experimental and control teams. 

2.4 Measures 

Team personality traits were measured with items from Caprara, Barbaranelli and 

Borgogni [39], using a 5-point Likert scale from ‘‘Very low’’ (1) to ‘‘Very High’’ 

(5). Data were aggregated at the team level for each trait by calculating the mean for 

each team. Personality traits are not a shared property of the team, and team mem-

bers’ scores are not expected to coalesce; therefore, the calculation of aggregation 

indices and interrater agreement statistics is not necessary [28]. 

Openness to experience: This variable was measured with 3 items. An ex-

ample of an openness to experience item was “I am a person who always looks for 

new experiences”. Cronbach’s alpha for the aggregated scores was .70. 

Agreeableness: This variable was measured using 5 items. An example of an 

agreeableness item was “I am convinced that I can obtain better results by cooperating 

with others rather than competing”. Cronbach’s alpha for the aggregated scores was 

.71. 

Work 
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Work 
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Team cohesion: This variable was measured by 4 items taken from Karn et 

al. [40], after work session 2, once the team had received feedback. An example of an 

item was “To what extent are individuals in your project team helpful to you in get-

ting your work done?”. The items were measured on a 5-point Likert scale from ‘‘Not 

at all’’ (1) to ‘‘A lot’’ (5). Aggregation at the team level was justified, as we obtained 

the following results: the mean of the 𝐴𝐷!(!)
 was .43 (SD= .24); ICC (1) was .22; and 

the ANOVA was statistically significant (F(53, 158) = 2.10; p < .01). Furthermore, 

Cronbach’s alpha for the aggregated scores was .83. 

Team Learning: This variable was measured by five items taken from Ed-

mondson [4], after working session 1 and session 3. An example of an item was: 

‘‘This team regularly takes time to figure out ways to improve its work perfor-

mance’’. The items were measured on a 5-point Likert scale from ‘‘I strongly disa-

gree’’ (1) to ‘‘I strongly agree’’ (5). Data were aggregated at the team level. For ses-

sion 1, aggregation was justified, as we obtained the following results: the mean of 

the 𝐴𝐷!(!)
was .59 (SD = .30); ICC (1) was .15; and the ANOVA was statistically 

significant (F(53, 158) = 1.72; p < .01). Cronbach’s alpha for the aggregated scores 

was .83. For session 3, aggregation was justified, as we obtained the following results: 

the mean of the 𝐴𝐷!(!)
was .51 (SD = .25); ICC (1) was .21; and the ANOVA was 

statistically significant (F(53, 158) = 2.06; p < .01). Furthermore, Cronbach’s alpha 

for the aggregated scores was .86. 

3 Results 

3.1 Preliminary analyses 

Descriptive statistics and correlations were calculated for all the variables in this 

study and shown in table 1. 

Table 1. Descriptive statistics and correlations. 

 

Variable M S

D 

1 2 3 4 5

1. Openness to experi-

ence 

3

.28 

.

38 

--     

2. Agreeableness 3

.84 

.

36 

.0

0 

-

- 

   

3. Team Cohesion S2 3

.92 

.

39 

.3

8
**

 

-

.14 

--   

4. Team Learning S1 2

.86 

.

42 

-

.23 

 

.07 

.1

6 

-

- 

 

5. Team Learning S3 3

.87 

.

42 

.0

9 

-

.11 

.3

9
**

 

.

14 

-

- 

** Correlation is significant at p < .05 level (bilateral)  
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The variables of this study showed moderate inter-correlations, and we conducted 

two confirmatory factor analyses to ascertain discriminant validity. Specifically, we 

compared the fit of a four-factor model (the items load in four correlated factors) to 

the fit of an alternative one-factor model (all the items load in one factor). We per-

formed these analyses using MPLUS 6 [41] with the DIFFTEST option (279.61, d.f. = 

6, p< .01); fit indices are shown in table 2. 

Table 2. Confirmatory factor analysis fit indices for one-factor and four-factor models. 

Model ᵡ
2
 d

.f. 

p ᵡ
2
/

d.f. 

RMS

EA 

T

LI 

C

FI 

Four factors 134

.34 

9

8 

.

01 

1.

37 

0.04 .

97 

.

98 

One factor 841

.97 

1

04 

.

00 

8.

10 

0.18 .

48 

.

55 

 

3.2 Regression analyses 

The regression analyses were conducted with the PROCESS macro [42], which al-

lows the use of bootstrapping when testing for mediation and conditional effects [43]. 

Aggregated scores of TL for session 1 are introduced as statistical control in further 

analyses. Moreover, as we used the same measurement method (e.g., questionnaire) to 

assess the mediator and dependent variables, it is likely that they share systematic 

covariation [44] . However, we tested the effect of the mediator on the dependent 

variable at different points in time, rather than concurrently, which minimizes the 

effect of common method bias. Hence, we tested the effect of team cohesion meas-

ured in session 2 on TL measured in session 3. 

First, bootstrap analysis showed that the indirect effect of team feedback on 

TL via team cohesion was significantly different from zero (estimate of ab product 

term = .08; boot SE = .05; 95% confidence interval = .01 to .20). However, the direct 

effect of team feedback on TL was not significantly different from zero (estimate of 

c’ = .13; boot SE = .11; 95% confidence interval = -.10 to .34). Thus, hypothesis 1 is 

supported. 

Second, bootstrap analysis showed that openness to experience moderates the 

indirect effect of team feedback on TL via team cohesion, and the index of moderated 

mediation [42] is significantly different from zero, with an estimate of -.15 (boot SE = 

.10; 95% confidence interval = -.41 to -.02). Specifically, at low levels of openness to 

experience, the product term was significantly different from zero (estimate of ab 

product term = .13; boot SE = .06; 95% confidence interval = .03 to .30), whereas at 

high levels of openness to experience, it was not significantly different from zero 

(estimate of ab product term = .01; boot SE = .05; 95% confidence interval = -.08 to 

.11). Hence, hypothesis 2 is supported. Figure 3 shows the statistical diagram for hy-

pothesis 2. 
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Third, bootstrap analysis showed that agreeableness does not moderate 

the indirect effect of team feedback on TL through team cohesion. The index of 

moderated mediation is not significantly different from zero, with an estimate of 

.12 (boot SE = .14; 95% confidence interval = -.01 to .48). Therefore, hypothesis 

3 is not supported. Figure 4 shows the statistical diagram for hypothesis 3. 

  

Fig 3. Statistical diagram for hypothesis 2. 

 

Fig. 4. Statistical diagram for hypothesis 3. 

Model coefficients 

a1=  .18, p=.10 

a2= -.15, p=.37 

a3=  .31, p=.33 

b =  .38, p<.05 
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intervention 
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learning 

Agreeableness 
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4 Discussion 

The aim of this paper was to study the indirect effects of a team feedback with guided 

reflection intervention on TL through team cohesion, as well as the moderator role of 

team personality (openness to experience and agreeableness), in VTs. 

 We found that the team feedback intervention had a significant indirect ef-

fect on team learning via team cohesion in VTs. This result supports Hypothesis 1. 

Our findings highlight the importance of emergent states to develop TL in VTs. The 

proposed training intervention based on feedback and guided reflection encourages 

teams to discuss, share information, and set goals collaboratively. It becomes a team 

effort that requires the VT’s members to jointly focus their attention on how to im-

prove their teamwork and achieve their goals, favoring the emergence of team cohe-

sion. Thus, team members develop feelings of closeness with other teammates and 

strengthen their commitment to the team’s objectives [5]. These findings increase the 

understanding of how an intervention based on team feedback and guided reflection 

might improve TL in VTs. These findings support the positive effects of team training 

interventions in VTs [1]. Moreover, the effect of the intervention is mediated by team 

cohesion.  

Past literature highlighted the need to study the effects that team composition 

might have on the effects of interventions [24]. Our results suggest that the mediated 

effect of team feedback and guided reflection on TL via team cohesion is negatively 

moderated by openness to experience. Thus, hypothesis 2 was supported.  Specifical-

ly, teams with low openness to experience benefit more from the intervention than 

teams with a high level of openness. Less open-minded teams might have difficulties 

in considering new perspectives to solve problems and learn from others. Thus, help-

ing them to reflect and discuss about the feedback might foster the emergence of co-

hesion and facilitate the members’ engagement in team learning behaviors. 

However, we did not find support for the moderating effect of agreeableness 

on the mediated relationship studied. Hence, hypothesis 3 was not supported. One 

possible reason for this result could be the homogeneity of the sample. All the partici-

pants were university students, and the majority were women. It would be interesting 

to test this moderation in a different setting with teams that differ in experience and 

have greater cultural diversity, where agreeableness might play a more significant 

role. Previous research found that high levels of agreeableness might prevent teams 

from evaluating different opinions or new information, thus hindering team learning, 

but improving cohesion [5]. 

In conclusion, this study highlights the importance of considering aspects re-

lated to the team composition when devising intervention strategies for VTs, and it 

provides empirical support for an interactionist model between personality and emer-

gent states such as cohesion. 

This study presents some limitations and implications for future research. 

First, we studied newly formed VTs in a laboratory setting, which limits the generali-

zability and external validity of the results to real organizational settings. In organiza-

tional contexts, VTs vary in their duration and purpose; therefore, it is also necessary 

to study the effectiveness of team feedback in already existing VTs [45]. Second, the 
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present study does not analyze the effectiveness of this intervention on a long-term 

basis. Further research should address this by contemplating these long-term effects in 

real organizational environments. Finally, in this study all data were collected through 

self-report surveys, which raises the issue of common method variance as a potential 

problem [44]. However, several statistical analyses were successfully conducted to 

control this issue. 

From a practical point of view, this study provides managers with some guid-

ance about how to train VTs to improve TL. Encouraging the team to review its re-

sults and providing guidelines for processing feedback seem to be useful strategies for 

promoting team learning. The proposed intervention enhances team learning by fos-

tering members’ commitment to the team’s goals and the creation of positive relation-

ships. Furthermore, our results suggest that managers should consider that VTs with 

low openness to experience might benefit more from the proposed training interven-

tion. This study is especially relevant for newly formed VTs with unacquainted mem-

bers. 
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