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Abstract
Trust plays a central role in team collaboration, especially in multinational virtual 
teams. However, our understanding of how different types of trust interact to influ-
ence group work efficiency in this context is still limited. This study investigates the 
development of two types of trust and group efficiency over time in the multinational 
virtual team context. Three analysis phases were conducted in this research: phase 1 
included a qualitative analysis of an online interview with 120 respondents in multi-
national virtual team collaborations over 5 weeks, phase 2 comprised a general anal-
ysis of the trust and group efficiency development with the same respondents, and 
phase 3 included a quantitative analysis of the interaction effects of trust on group 
efficiency. The results provide insights into the antecedents of group efficiency and 
reveal the trend of trust and group efficiency development over time. The authors 
also investigate trust and group efficiency from the deconstructed and decomposed 
perspectives. This study contributes to current research by providing evidence on the 
development of trust and group efficiency and by investigating the interaction effects 
of trust in the multinational virtual team collaboration context.
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1 Introduction

The prevalence of virtual worlds has enabled frequent media-rich interactions 
within the context of global collaboration (Srivastava and Chandra 2018). Many 
firms, such as IBM, Microsoft, Intel, and E-bay, now conduct seminars, training 
programs, and social events via computer-mediated communication platforms (de 
Vreede et al. 2013). Knowledge workers often collaborate in teams that are mul-
tinational, inter-organizational, and global (Cheng et al. 2016c). In this context, 
the collaboration between individuals plays an important role in the effective-
ness and efficiency of teams. The increase in multinational virtual team (MNVT) 
collaborations helps obviate expensive face-to-face interactions for global teams 
(Amichai-Hamburger and McKenna 2006) while incurring associated managerial 
issues, which have received significant attention (Charlier et al. 2016). Individu-
als in an MNVT are usually unfamiliar with each other and geographically dis-
tributed. Therefore, notwithstanding the rich communication and collaboration 
potential provided by information technology, many businesses fail to achieve 
successful collaboration (Gonsalves 2008). This failure can be attributed to the 
low level of trust between individuals. Therefore, trust has become an important 
issue in this context (Weber 2014).

Many scholars have specified the essential role of trust in virtual teams (Cheng 
et al. 2016a; Pinjani and Palvia 2013). Specifically, trust can reduce the cognitive 
overload involved during team collaboration, and thus, enhance outcomes (Kolf-
schoten and Brazier 2013). There are also existing studies on trust antecedents 
(Jarvenpaa et al. 1997; Ridings et al. 2002), trust formation in virtual team col-
laborations (Robert et al. 2009), and outcomes of trust (Jarvenpaa et al. 2004) in 
the virtual team context. Moreover, various types of trust have been discussed in 
different contexts, such as cognition-and affect-based trust using a two-dimension 
model (Kanawattanachai and Yoo 2007; McAllister 1995) and benevolence, abil-
ity, and integrity using a three-dimension model (Mayer et al. 1995). Cheng et al. 
(2016a) use seven factors to measure trust development over time: willingness 
to risk vulnerability, confidence, benevolence, reliability, competence, honesty, 
and openness. In the context of MNVT collaboration, team members may demon-
strate dissimilarity in beliefs, attitudes, and values due to diverse national cultures 
(Han and Beyerlein 2016; Mannix and Neale 2005). Compared with face-to-face 
interactions, MNVT members develop trust by providing timely information or 
appropriate responses during communication instead of through social interaction 
(Henttonen and Blomqvist 2005). The absence of social interactions and trust can 
lead to a low level of team performance in MNVTs. As a consequence, attention 
to trust development in MNVTs is necessary.

According to the group awareness theory (Gross et  al. 2005), individuals’ 
awareness of other group members also affects their own performance or psycho-
logical state. Therefore, we infer that trust at both the individual and group levels 
play an important role in group efficiency, especially in the absence of common 
experiences and cultural backgrounds in the MNVT context. For example, dur-
ing team collaboration, individuals may worry about the work engagement or 
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efficiency of other team members who they are not familiar with, which can ulti-
mately influence their own work efficiency and trust toward the group. Although 
several existing studies have investigated trust from both individual and group 
perspectives, findings mainly focus on their difference regarding trust develop-
ment over time between individual and group levels (Cheng et  al. 2016c). The 
specific deconstructing effects of trust on group efficiency between the individual 
and group levels are ignored. Moreover, although existing studies have focused on 
the direct impact of various trust antecedents on group performance or efficiency 
(De Jong et al. 2016), empirical evidence on the interaction effects of these trust 
factors from a decomposing view on multinational group efficiency is limited. 
Consequently, there are still research gaps in the following areas: (1) antecedents 
of trust development in MNVT collaborations from the deconstructing perspec-
tive, (2) the interaction effects of various trust factors on group efficiency from 
the decomposing perspective, and (3) the different effects of trust on group effi-
ciency between the individual and group levels.

To address these gaps, this study seeks to extend the existing understanding of 
trust and group efficiency in the MNVT collaboration context. To this end, we use 
a multi-method research design, integrating the findings from both qualitative and 
quantitative analyses. To gain a deeper understanding of the effects of trust, we 
adopt a decomposed structure of trust (openness-based trust and reliability-based 
trust) and try to further deconstruct those types of trust into two levels (individual 
and group). The interaction impact of certain trust factors on group efficiency is also 
investigated.

The rest of this paper is organized as follows. Section 2 describes the theoreti-
cal background and previous studies on trust in MNVT collaborations. Section  3 
explores the three-phase multi-method research design, which provides empirical 
evidence to answer the research questions. Section 4 summarizes the research find-
ings, and Sect. 5 concludes with the practical implications, theoretical contributions, 
study limitations, and future research opportunities.

2  Literature Review

2.1  Understanding Trust in Team Collaboration

The concept of trust has been frequently investigated in the team collaboration con-
text and was defined as individuals’ willingness to be vulnerable to another party 
based on the expectation of others (Mayer et al. 1995; Cheng et al. 2017). Gener-
ally speaking, existing studies have investigated trust in team collaboration from the 
following perspectives, including trust antecedents (Jarvenpaa et al. 1997; Ridings 
et  al. 2002), different types of trust (Cheng et  al. 2016c), trust formation (Robert 
et al. 2009), and several trust consequences (Hsu et al. 2007; Jarvenpaa et al. 2004). 
Findings indicate that trust contributes to the positive outcomes of the organizations 
(Chiles and McMackin 1996; Zhang et al. 2010). Despite the emphasis on trust in 
the team collaboration context, a deeper understanding of the decomposing and 
deconstructing of trust requires further investigation and has become a new trend in 
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trust literature (Costa and Anderson 2011; Cheng et al. 2016b). For example, exist-
ing research has largely overlooked the different effects of trust between the individ-
ual and group levels, thus leading to confounding effects of trust in different levels.

From a theoretical perspective, several representative theories in the social psy-
chology literature have been adopted in the trust context, including the theory of 
planned behavior (Kim and Kankanhalli 2009), attribution theory (Johnson and 
Grayson 2005), and social exchange theory (Young-Ybarra and Wiersema 1999). 
These theories provide evidence on the tenets that the sources of trust exist in the 
interaction and positive attribution to other partners in organization. Considering the 
effects of trust in the virtual team collaboration context, team interaction is frequent 
and the deconstructed notion of trust at the individual and group levels needs further 
development.

Theoretical foundation in the collaboration context can also provide the necessity 
for the deconstructing of trust. Group awareness is one of the most widely inves-
tigated theories in computer-supported cooperative work (Dourish and Bellotti 
1992) and collaborative learning (Leinonen and JäRVELä 2006). Following exiting 
research (Bodemer and Dehler 2011; Gross et al. 2005), group awareness is the state 
of being informed about specific aspects of other group members, including what 
other members are doing, how others feel about a member, and members’ interests. 
Figure 1 presents a conceptual relationship between group awareness and collabo-
ration effectiveness in the context of computer-supported collaborative learning, as 
proposed by Janssen and Bodemer (2013, p. 52). As depicted in Fig. 1, cognitive 
group awareness and social group awareness can be improved via other team mem-
bers’ knowledge, information, and opinions, and by providing information about 
individuals’ participation in a collaboration or the perceived quality of a discus-
sion, respectively. According to Jermann and Dillenbourg (2008), team members 
can achieve effective collaboration not only in the content space (such as increased 
participation in discussions) but also in the relational space (such as increased sym-
metry in contributions) by improving group awareness.

Compared with face-to-face communication, group members receive limited 
context and environmental cues in a computer-mediated collaborative environment 
(Kiesler et al. 1984). The lack of context cues and co-location can limit the sharing 
of expectations, similarities, and other important information (Srivastava and Chan-
dra 2018). Therefore, we investigate the trust antecedents at both the individual and 
group levels from a deconstructed perspective in this study. Trust at the individual 

Cognitive group awareness
Knowledge of partners knowledge,

information, understanding, and opinions 

Social group awareness
Participation in content and relational 

space, perceptions of collaboration, and 
quality of group discussion  

Relational space

Content space Effectiveness of 
collaboration

Individual achievement and 
group performance 

Fig. 1  Conceptual framework for group awareness (Janssen and Bodemer 2013)
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level depicts the trust in one’s own intentions and behaviors. Trust at the group level 
depends on the positive view of others’ intentions and behaviors, which represents 
the individuals’ awareness of other group members. To investigate the antecedents 
of trust development in the MNVT context, we propose the first research question:

Research question 1 (RQ1) What are the antecedents of trust development in 
MNVT collaborations from the deconstructed perspective?

2.2  Trust Development in Multinational Virtual Team Collaboration

A virtual team can be defined as “a group of people who interact through interde-
pendent tasks guided by common purpose and work across space, time, and organi-
zational boundaries with links strengthened by webs of communication technolo-
gies’’ (Lipnack and Stamps 1997; Maznevski and Chudoba 2000, p. 473). This has 
become an established work design in many companies (Breuer et al. 2016). Studies 
have identified several types of team collaboration, including face-to-face, global/
multinational, semi-virtual/hybrid, and virtual (Cheng et al. 2016b). With the glo-
balization of the economy and emergence of collaborative technologies, multina-
tional teams and organizations have increased and play important roles in business 
(Han and Beyerlein 2016).

The MNVT is a new organizational form in which trust is impeded due to both 
the virtual and global contexts. Under these circumstances, typical factors contrib-
uting to team success, such as a close physical location, common experiences, and 
shared cultural backgrounds, are absent. Therefore, trust becomes a key element of 
team success in this context (Han and Beyerlein 2016). Low levels of trust in the 
team can lead to low commitment, lack of information sharing, and the intention 
to avoid interactions with team members (Kanawattanachai and Yoo 2007). These 
behaviors can undermine the overall efficiency of the team. According to previous 
related literature, we define trust as an individual’s or group’s willingness to be vul-
nerable to the behavior of another individual or group (Mayer et al. 1995). Trust is 
a critical factor in any kind of team collaboration; however, it plays a pivotal role 
in virtual team collaboration by weakening the impact of psychological distance 
caused by geographical distance (Snow et al. 1996).

Previous studies have examined the antecedents of trust in MNVTs from sev-
eral perspectives. The importance of trust has also been identified by many schol-
ars (Breuer et al. 2016; Cheng et al. 2016a, b, c; Ford et al. 2017). Jarvenpaa et al. 
(1997) investigate three antecedents of trust in MNVTs: ability, benevolence, and 
integrity. There is also evidence that trust within a team can affect the attitudes and 
behaviors of individuals, thereby affecting task performance (Jarvenpaa et al. 2004; 
Kanawattanachai and Yoo 2007; Wildman et al. 2012). In MNVTs, trust develops 
with the dynamic relationships of the team members. For example, Wilson et  al. 
(2006) provide evidence on the difference in trust development between computer-
mediated and face-to-face teams. In more recent work, trust is regarded as a dynamic 
process in long-term interactions (Cheng et al. 2016a). Studies have also been con-
ducted on the management of dynamic trust in projects (Rose and Schlichter 2013).
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To investigate trust development over time in MNVTs, we propose the second 
research question:

Research question 2a (RQ2a) How does trust develop over time in the context of 
MNVT collaborations at the individual level?

Research question 2b (RQ2b) How does trust develop over time in the context of 
MNVT collaborations at the group level?

2.3  The Interaction Between Reliability‑Based Trust and Openness‑Based Trust

In recent decades, numerous studies on different types of trust, including disposi-
tional, interpersonal, situational, and structural trust (Bjørn and Ngwenyama 2009; 
Cheng and Macaulay 2014; McKnight and Chervany 1996; Rotter 1980), have 
emerged. According to Hoy and Tschannen-Moran (1999), there are five factors of 
trust: benevolence, reliability, competence, honesty, and openness. Among the five 
factors, benevolence, competence, and honesty can be categorized as dispositional 
trust, which is mainly based on the trustees’ personality and is specific to the indi-
vidual (Cheng et al. 2016a). Reliability is a combination of confidence and benevo-
lence in the group (Wilson et al. 2006). Openness is the degree to which individuals 
are willing to share information and are involved in open communication with other 
group members (Ibrahim and Ribbers 2009).

Although several studies have been conducted on the impact of these factors on 
trust and team performance (Cheng et al. 2016c, b; Eisenberg et al. 2019; Jarven-
paa et al. 1997, 2004), the interaction effects of these factors are largely ignored. In 
the context of MNVTs, team members’ relationship development depends largely 
on effective communication and interactions between group members. Group aware-
ness enables group members to identify the person-related cues and behaviors of 
collaboration partners during interactions (Bodemer and Dehler 2011). According 
to the group awareness theory (Gross et al. 2005), individuals’ awareness of the sur-
roundings is essential in teamwork, especially in MNVT collaborations. Sometimes, 
the benefits of being aware of other group members may surpass the benefits of 
face-to-face interactions (Bodemer and Dehler 2011). Moreover, trust development 
in MNVTs mainly depends on team members’ timely responses and information 
sharing, such that a high level of communication openness can impact individuals’ 
perceptions and awareness of the whole group. Therefore, we focused on openness 
and reliability as the two main factors of trust and refer to these types as reliability-
and openness-based trust from a decomposing perspective in this study.

Reliability-based trust refers to the degree to which individuals can count on other 
group members to meet their needs (Hoy and Tschannen-Moran 1999). Reliability 
is based on the sense of benevolence and predictability of others’ behavior (Cheng 
et al. 2016c). The concept of reliability is also related to the confidence that individu-
als will perform predictably and take the interests of other group members into con-
sideration (Kanawattanachai and Yoo 2007; Mishra 2012). In the context of MNVTs, 
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reliability-based trust is essential, and a high level of reliability can lead to individuals’ 
positive perceptions of the collaboration outcomes.

As mentioned, openness-based trust is based on the degree to which individu-
als can share information and make communications freely in a group. This kind of 
trust derives from the communication openness between group members (Cheng et al. 
2016c). Instead of being conservative regarding opinions, openness means that individ-
uals are curious, creative, original, and imaginative while performing teamwork (Godar 
2003). According to studies on computer-mediated communication (Lowry et al. 2006, 
2009), in an open collaboration environment, individuals are more likely to explore the 
group’s perceptions of their own and others’ ideas.

2.4  Trust and Group Efficiency

Group efficiency has been identified as one of the most important dependent variables 
of trust in existing studies (De Jong et al. 2016; Dirks 1999), and their relationship has 
been discussed from several angles (Cogliser et al. 2012). For example, trust can reduce 
transaction costs (Chiles and McMackin 1996), promote open and efficient informa-
tion sharing (Zhang et al. 2010), and increase individual and group confidence in the 
relationship, as well as group efficiency. Trust, however, has been mainly modeled 
as one of many predictors of group efficiency (De Jong et al. 2016). In this study, we 
aim to provide a more holistic understanding of the effects of trust on group efficiency. 
Although existing studies have identified the effects of trust in virtual team collabo-
rations, they merely investigate the independent effects of various types of trust. Few 
studies provide quantitative evidence on the interaction effects of different trust influ-
encing factors (Cheng et al. 2017). Given the limited research on this topic, we inves-
tigate the types of trust and their interaction effects on group efficiency in MNVTs to 
inform this study.

Additionally, previous studies only focus on trust factors at the individual level. 
In the virtual team collaboration context, however, trust factors at the group level are 
essential. According to the group awareness theory, the awareness of other group mem-
bers’ interactions with the group and the environment plays an important role in team 
collaboration, especially in virtual teams. In other words, individuals’ perceived trust of 
the group could be as important as their trust at the individual level on the group’s effi-
ciency. Therefore, instead of only focusing on trust at the individual level, we also take 
the impact of trust at the group level on group efficiency into consideration.

Based on these research gaps, we propose the third research question:

Research question 3 (RQ3) How do different antecedents of trust at the individual 
and group levels influence group efficiency in the context of MNVT collaborations?
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3  Multi‑Method Design

To explore the trust development and interaction of two trust factors in MNVT col-
laborations, we adopted a multi-method research design, which uses both qualitative 
and quantitative methods (Tashakkori et  al. 1998). The multi-method design pro-
vides stronger evidence than a single method. It also can produce divergent or com-
plementary views (Venkatesh et al. 2016). Given the aim to discover the antecedents 
of trust development and investigate the effects of trust at different levels on group 
efficiency, the multi-method research design was adopted (Wunderlich et al. 2019).

To answer the research questions, we conducted a longitudinal survey study with 
139 undergraduate students in China. An online interview was also conducted after 
each week’s collaboration to measure the perceived antecedents of trust develop-
ment. We selected students in two classes in different areas of China to ensure vir-
tual team collaboration. The demographic information of the samples is presented in 
Table 1. The sample consists of 46.8% males and 53.2% females. Of the participants, 
46.8% are between 18 and 20 years and 53.2% are between 21 and 23 years, with an 
average age of 21. The students hail from China, Indonesia, France, Kazakhstan, 
Russia, Malawi, Sweden, Uzbekistan, Korea, Dominica, Philippines, North Korea, 
Mongolia, and Saudi. More than 60% are from Asian countries, and approximately 
30% are from Europe. These students were divided randomly into virtual team 
groups of 4–5 students, which yielded 34 MNVTs. During 5 weeks in the semester, 
the students were assigned group work to perform a business case analysis and com-
pose a new business plan for the case company. During the study, the students were 
allowed to use software to collaborate, such as WeChat.

We conducted the data analysis in three phases. Phase 1 consisted of a qualita-
tive analysis of online interviews with the respondents, which provided a general 
understanding of the antecedents of trust development in the 5-week team collabo-
ration and helped answer the first research question (RQ1). After two researchers 
performed a coding process, several important constructs were derived from these 
data. Phase 2 included a general analysis of the trust development and work effi-
ciency development during the team collaboration, which was conducted to answer 
the second research question (RQ2). Phase 3 comprised a quantitative analysis of 

Table 1  Demographics of 
participants (N = 139)

Items Category Frequency 
(N = 139)

%

Gender Males 65 46.8
Females 74 53.2

Age 18–20 65 46.8
21–23 74 53.2

Continent Asia 86 61.9
Europe 42 30.2
North America 1 0.7
South America 1 0.7
Africa 1 0.7
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the causal relationships between trust and group efficiency, providing evidence to 
answer research question 3 (RQ3).

3.1  Phase 1: Qualitative Analysis

Phase 1 of the multi-method design sought to answer RQ1 (What are the anteced-
ents of trust development in MNVT collaborations from the deconstructed perspec-
tive?). To answer this research question, we conducted a qualitative study to specify 
the antecedents of trust development over time. Specifically, we asked several ques-
tions to the participants, who were directed to carefully reflect on their perceptions 
of trust with the group and the factors of trust development during the collaboration 
process. Following Hua et al. (2019), we then conducted a content analysis of the 
qualitative data. As the trust level fluctuates over the 5 weeks, we derive both nega-
tive and positive antecedents of trust based on the interview data.

Table 2 presents the key antecedents of trust development derived from the quali-
tative data. As mentioned, two members of our research team conducted a coding 
analysis following Miles and Huberman (1994). As shown in Table 2, the data anal-
ysis process yielded four frequently mentioned antecedents of trust development, 
involving the deconstructing notion of trust: reliability at the individual level, reli-
ability at the group level, openness at the individual level, and openness at the group 
level. As previously mentioned, reliability-based trust at the individual level is based 
on an individual’s sense of confidence that he/she will perform predictably to meet 
the group’s needs (Hoy and Tschannen-Moran 1999). Similarly, according to Cheng 
et al. (2016a), reliability-based trust at the group level refers to an individual’s belief 
that other individuals in the group will perform predictably to meet the group’s 
needs. Openness-based trust at the individual level refers to an individual’s degree 
of openness to other group members, and at the group level, it is based on an indi-
vidual’s belief that other individuals in the group share information freely and are 
open, creative, and imaginative while performing teamwork (Godar 2003).

According to the participants’ answers, we can infer that individuals’ perceived 
openness and reliability at both the individual and group levels are related to the 
trust development over the 5 weeks. However, as depicted in Table 2, both reliability 
and openness are more frequently mentioned at the group level than at the individual 
level. This finding can be attributed to the group awareness theory, which asserts 
that individuals’ awareness of other group members’ interactions plays an essential 
role in the group. In the hybrid virtual team collaboration context, we can infer that 
individuals’ perceived openness and reliability of the group are more important than 
the perceptions of themselves. Consequently, we hypothesized that the interaction 
effect of trust antecedents at the group level on work efficiency is more prominent 
than that at the individual level.

3.2  Phase 2: General Analysis of the Development of Trust and Group Efficiency

To answer the second research question (RQ2a and RQ2b) (How does trust develop 
over time in the context of MNVT collaborations at the individual and group 
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levels?), we plotted the average score of group efficiency, reliability-based trust, and 
openness-based trust over the 5 weeks at the individual and group levels.

We adopted the measurement items developed by Cheng et al. (2016a) to assess 
the openness-and reliability-based trust and group efficiency, which proved to have 
satisfactory reliability and validity. The items evaluating the reliability and openness 
at both the individual and group levels were evaluated on a five-point Likert scale 
(1 = “strongly disagree,” 3 = “neutral,” and 5 = “strongly agree”). We also used age, 
gender, and nationality as control variables in the study.

The level of reliability-based trust was measured with three items. The respond-
ents were asked to recall their perceived reliability-based trust at the individual level 
by responding to statements, such as “I did what I promised to do this week” (Cheng 
et al. 2016c). Their perceived level of reliability-based trust at the group level was 
measured with the following statement: “The group did what we promised to do this 
week.” The level of openness-based trust was measured with three items. Partici-
pants were asked to report the extent of their perceived openness-based trust at the 
individual level by responding to statements, such as “I was open to my group about 
my progress this week” (Cheng et al. 2016c). Their perceived openness-based trust 
at the group level was measured with the following statement: “The group was open 
to me about the progress this week.” The level of group efficiency was measured 
with a five-point Likert scale (1 = “much less,” 3 = “equal,” and 5 = “much more”). 
The respondents were also asked to share their perceived development of group effi-
ciency by responding to the statement, “Overall, I think we have established less/
more group efficiency in our team this week” (He et al. 2007) (see "Appendix 1").

All the constructs in our study are reflective. Following Cheng et al. (2020) and 
Hua et al. (2019), we employed the Cronbach’s alpha (α), composite reliability, and 
the average variance extracted with acceptable values higher than 0.7, 0.6, and 0.5, 
respectively, to measure the reliability and validity of the constructs. The results are 
presented in Table 3, which shows that the value of Cronbach’s α of each construct 
is above 0.7, indicating internal consistency reliability in the constructs. The com-
posite reliability values range from 0.891 to 0.969, indicating acceptable composite 
reliability. The average variance extracted value is higher than 0.5, which suggests 
high convergent validity in the constructs.

As is depicted in Fig. 2, for the changing pattern of trust at the individual level, 
we found that both kinds of trust increased in the first 2 weeks and reached the high-
est level in the third week, followed by a decrease in the last few weeks. For the 
development of trust at the group level, both kinds of trust increase in the first week. 
Reliability-based trust reached the highest level in the second week and openness-
based trust reached the highest level in the third week, followed by a sharp decrease 
in the following weeks and an upturn in the last week.

To explore the group work efficiency development, we tested its changing pattern 
and plotted the mean of the group efficiency score over the 5 weeks. As indicated in 
Fig. 3, we notice an increase in the first 3 weeks and a decrease in the following 2 
weeks. To further evaluate the changing pattern of group work efficiency over time, 
we conducted a generalized estimating equation (GEE). A GEE is considered suit-
able for longitudinal data analyses, such as a cross-sectional time-series analysis or 
panel analysis (Heimbach and Hinz 2018; Zeger and Liang 1986). Thus, this method 
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is suitable for this study, as there are repeated observations of students over 5 weeks. 
Moreover, a GEE can also address the problem of underestimated standard errors in 
other models (Heimbach and Hinz 2018).

For the statistical analysis, we took the fifth week (week = 5) as the baseline 
and made a comparison at different time points (week = 1, 2, 3, 4). As shown in 
Table 4, coefficients of the second, third, and fourth weeks were all statistically sig-
nificant (β = 0.155, p < 0.05; β = 0.209, p < 0.001; β = 0.205, p < 0.001, respectively). 
The results indicate that compared to the fifth week, the level of group efficiency 
increased in the second week (all coefficients are positive and increase), reach-
ing the highest level with the maximum coefficient in the third week, and then 
slightly decreasing in the next week. The results of the GEE are consistent with the 

Table 3  Means, standard deviations, reliability, and validity of constructs

Constructs Mean Standard 
deviation

Cronbach’s 
α (> 0.7)

Composite reli-
ability (> 0.6)

Average variance 
extracted (> 0.5)

Reliability-based trust at
Individual level 4.008 0.762 0.930 0.934 0.825
Week = 1 4.028 0.693 0.909 0.911 0.774
Week = 2 4.033 0.777 0.922 0.926 0.807
Week = 3 3.907 0.864 0.936 0.937 0.833
Week = 4 4.008 0.762 0.930 0.934 0.825
Week = 5
Reliability-based trust at group
Level 3.728 0.877 0.969 0.969 0.912
Week = 1 3.838 0.778 0.915 0.914 0.781
Week = 2 3.757 0.955 0.940 0.941 0.841
Week = 3 3.677 0.948 0.955 0.955 0.877
Week = 4 3.728 0.877 0.969 0.969 0.912
Week = 5
Openness-based trust at
Individual level 3.898 0.777 0.922 0.921 0.795
Week = 1 3.955 0.726 0.898 0.896 0.742
Week = 2 4.027 0.728 0.878 0.893 0.739
Week = 3 3.964 0.801 0.894 0.902 0.754
Week = 4 3.898 0.777 0.922 0.921 0.795
Week = 5
Openness-based trust at group
Level 3.762 0.915 0.936 0.936 0.831
Week = 1 3.771 0.759 0.892 0.891 0.732
Week = 2 3.848 0.882 0.951 0.952 0.871
Week = 3 3.724 0.929 0.939 0.940 0.841
Week = 4 3.762 0.915 0.936 0.936 0.831
Week = 5
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developing trend of group efficiency in Fig.  3 and provide statistical evidence on 
the development of group efficiency over time. The findings indicate that trust and 
group work efficiency increased in the first few weeks and then decreased in the fol-
lowing weeks.

Trust factors Reliability Openness 

Individual 

level

Group level

Fig. 2  Changing pattern of trust development over time

Fig. 3  Changing pattern of group efficiency development over time
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3.3  Phase 3: Quantitative Analysis

In Phase 3, we sought to answer RQ3 (How do different antecedents of trust at the 
individual and group levels influence group efficiency in the context of MNVT col-
laborations?). As previously mentioned, a longitudinal survey study was conducted 
with 139 respondents over 5 weeks for the quantitative analysis. After deleting 
rushed and incomplete surveys, we obtained 126 usable responses. According to 
group awareness theory and the results of Phase 2, we infer that perceived reliability 
and openness at both the individual and group levels play important roles in team 
collaboration. We also investigated the interaction relationship between trust factors, 
involving the moderating effects of openness-based trust.

To answer RQ3, we test the interaction effects of reliability-and openness-based 
trust on group efficiency at the individual and group levels. As mentioned, trust 
development in an MNVT depends mostly on the communication openness and 
information sharing among the team members. For example, although the task-
related ability of other team members can be high, if they are not willing to share 
their expertise, knowledge, or other task information with the group, the trust rela-
tionship between the group members will be hindered, thus leading to inefficient 
collaboration. Thus, we infer that the relationship between reliability-based trust and 
group efficiency can be moderated by the level of openness-based trust, such that 
the positive influence will be stronger when individuals’ perceived openness is high. 
Therefore, we investigated the relationship between reliability-based trust and group 
efficiency, with reliability-based trust as an independent variable, group efficiency as 
a dependent variable, and openness-based trust as a moderator.

The research model testing was conducted using SPSS 22.0. Following Sarstedt 
et  al. (2014), we tested the interaction model by examining the coefficients. The 
results of the interaction effects of both types of trust over the 5 weeks are presented 
in Fig. 4 and Table 5. As shown in Fig. 4, the predictors explained 0.319, 0.221, 
0.386, 0.465, and 0.432 of the variance in the group efficiency over each of the 5 
weeks, respectively.

From the longitudinal perspective, the interaction of openness and reliability 
at the group level is statistically significant in week 1 (β = 0.066, p < 0.05), week 
3 (β = 0.102,p < 0.001), week 4 (β = 0.099, p < 0.01), and week 5 (β = 0.117, 

Table 4  Development of group efficiency over time

Model term Coefficients SE 95% CI Wald χ2 df p

Lower Upper

Intercept 0.854 0.203 0.455 1.252 17.646 1 0.000
Week = 1 0.099 0.063 − 0.024 0.222 2.483 1 0.115
Week = 2 0.155 0.064 0.028 0.281 5.743 1 0.017
Week = 3 0.209 0.059 0.093 0.324 12.537 1 0.000
Week = 4 0.205 0.063 0.081 0.328 10.579 1 0.001
Week = 5 0 – – – – – –
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p < 0.01). In week 2, the interaction at the individual level is statistically sig-
nificant (β = 0.088, p < 0.05). These findings indicate that individuals’ perceived 
openness at the group level positively moderates the relationship between per-
ceived reliability and group efficiency most of the time during team collabo-
rations. However, the relationship between individuals’ perceived reliability at 
the individual level and group efficiency is not statistically significant. Moreo-
ver, individuals’ perceived reliability at the group level has a significant positive 
impact on group efficiency in week 1 (β = 0.380, p < 0.05), week 2 (β = 0.514, 
p < 0.01), and week 4 (β = 0.302, p < 0.05).

Week 5 

Week 1 Week 2

Week 3 Week 4

Fig. 4  Interaction effects of trust on group efficiency over time (*p < 0.05, **p < 0.01, ***p < 0.001)
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4  Discussion

With a focus on MNVT collaborations, this study responds to the call for further 
investigation into trust issues in this context. By conducting three analysis phases 
that included qualitative, longitudinal pattern, and quantitative analyses, this study 
identifies the trust antecedents in MNVT collaborations, investigates the changing 
pattern of these antecedents over the 5-week collaboration effort, and examines the 
antecedents’ interaction effects on group efficiency. This study also suggests that 
team members, team leaders, and online collaboration software companies place 
emphasis on reliability and openness during the collaboration process.

We now present a summary of the findings in consideration of the research ques-
tions. Regarding RQ1, the qualitative analysis results in Phase 1 reveal the ante-
cedents of trust development over time in the MNVT collaboration context, which 
include both openness and reliability at the individual and group levels. Based on 
this finding, we identify four types of trust in this research context: openness-based 
trust at the individual level, openness-based trust at the group level, reliability-based 
trust at the individual level, and reliability-based trust at the group level. The find-
ings in Phase 1 provide qualitative evidence on the essential roles of these trust 
factors in determining group efficiency. The decomposing (openness-based and 
reliability-based) and deconstructing (individual and group level) of trust are also 
consistent with the tenets of group awareness theory.

Regarding RQ2, the general analysis results in Phase 2 provide insight on trust 
development and group efficiency at the individual and group levels during the 
5-week collaboration. As for trust development, the results indicate that the chang-
ing pattern of both openness-and reliability-based trust at the individual and group 
levels are nearly the same, showing an increase in the first 2 weeks and a sharp 
decrease in the following weeks. Except for openness-based trust at the individual 
level, trust levels rise in the last week. As for group efficiency, the results indicate 

Table 5  Parameter estimates

*p < 0.05, **p < 0.01, ***p < 0.001

Week 1 Week 2 Week 3 Week 4 Week 5

Independent variables
Reliability(I) 0.042 − 0.313 0.214 − 0.142 0.037
Reliability(G) 0.380* 0.514** 0.119 0.302* 0.213
Interaction terms
Reliability(I)*Openness(I) − 0.008 0.088* − 0.032 0.051 0.002
Reliability(G)*Openness(G) 0.066* − 0.014 0.102*** 0.099** 0.117**
Control variables
Nationality 0.017 0.007 − 0.021 − 0.024 0.018
Gender − 0.175 0.055 − 0.147 − 0.041 0.075
Age − 0.061 − 0.006 0.016 − 0.027 − 0.021
Constant 3.094 2.953 2.072 3.553 2.711
R2 0.319 0.221 0.386 0.465 0.432
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that it increases in the first few weeks, reaching the highest level in the middle stage 
of the team collaboration, and then decreases in the last few weeks. The develop-
ing trend of group efficiency is similar to that of trust development, thus provid-
ing empirical evidence on the relationship between trust and group efficiency in the 
MNVT collaboration context.

Regarding RQ3, the quantitative survey data analysis results in Phase 3 provide 
evidence on the effects of different trust factors’ interactions on group efficiency. 
Specifically, we test the relationship between reliability-based trust and group effi-
ciency with the moderating effects of openness-based trust. Trust at both the indi-
vidual and group levels was included in the research model. Findings indicate that 
reliability-based trust at the individual level does not impact group efficiency during 
team collaborations; however, it significantly increases group efficiency at the group 
level. Findings also show that the moderating effects of openness-based trust at the 
group level are significant in most stages, which is consistent to the argument that 
group awareness plays important roles in team collaboration. Therefore, the positive 
relationship between reliability-based trust and group efficiency is stronger if indi-
viduals perceive a high level of openness in group communication and collaboration 
but weakens if the group is not open in these aspects.

5  Conclusion

5.1  Theoretical Contributions

Theoretically, this study provides a holistic understanding of the relationship 
between trust and group efficiency in the MNVT collaboration context, thereby 
offering the following key contributions. First, by adopting group awareness and 
relevant social psychology theory, we extend the understanding of trust from the 
individual perspective to the group perspective. This extension is meaningful in the 
MNVT collaboration context because the behavior of geographically distributed 
team members is more likely to be affected by their perceived trust of other group 
members. Although previous studies have investigated the effects of trust on group 
performance (Chiles and McMackin 1996; De Jong et al. 2016; Zhang et al. 2010), 
the distinction between trust at the individual and group levels is still limited. Find-
ings of this study can be useful for understanding the key antecedents of group effi-
ciency, involving the deconstructed notion of trust. We can also infer from the find-
ings that trust at the group level plays a more important role than at the individual 
level on group efficiency, especially in the MNVT collaboration context.

Second, in terms of understanding the exact impact of trust in MNVT collabora-
tions, this study broadens the scope of trust literature by investigating the interac-
tions of different trust antecedents. We also provide a deeper understanding of the 
deconstructed (individual and group level) and decomposed (openness-based and 
reliability-based) notion of trust. More specifically, different types of trust interact 
to affect group efficiency. Previous studies have investigated the impact of individual 
trust factors on group efficiency separately (Cheng et al. 2016a, c; Eisenberg et al. 
2019; Jarvenpaa et al. 1997, 2004), but their interaction effects are largely ignored. 
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The findings of this study provide insight into the moderating effects of openness-
based trust in MNVT collaborations.

Third, previous studies on virtual team collaborations primarily investigate the 
antecedents and consequences of group performance. With the development of the 
global economy, MNVT collaborations have become common. Although the effects 
of multinational factors such as cultural diversity are examined in existing studies 
(Han and Beyerlein 2016), this study emphasizes communication openness in the 
multinational context. From a longitudinal perspective, trust and group efficiency 
develop similarly. Instead of considering trust and group efficiency as a steady state, 
we provide a dynamic understanding of their development in the virtual team col-
laboration context.

5.2  Practical Implications

This study offers several key practical implications. First, it highlights trust ante-
cedents that may have a positive impact on group efficiency in MNVT collabora-
tions. Effective team leadership can help overcome trust issues and increase group 
efficiency. To successfully facilitate team collaboration, leaders need to ensure the 
reliability of the team members, as well as increase the communication openness of 
the group. To increase communication openness, leaders can encourage their team 
members to regularly report their processes or problems via an online communica-
tion platform.

Second, this study provides suggestions for team members to obtain higher group 
efficiency. Specifically, team members should not only be responsible for their own 
behaviors but also communicate with other team members regularly, especially 
in virtual team collaborations. Being informed of other team members’ behaviors 
or states can help increase openness-based trust during collaborations. Therefore, 
team members should exchange their opinions and information freely. From a lon-
gitudinal perspective, as the trust level decreases in the last stage of a collaboration, 
individuals should ensure timely communication with other team members, thereby 
increasing the trust level and group efficiency.

Third, this study can also provide suggestions for the online collaboration soft-
ware company. From the collaboration platform design perspective, this study 
suggests that collaboration software companies should put more emphasis on the 
interaction and communication functions of their products. For example, interac-
tions during team collaborations need to be documented, such as through automatic 
storage or by sending e-mails to team members. Moreover, online feedback mecha-
nisms can be designed to document a team member’s trust level, ensuring aware-
ness of the current trust level of other team members and increasing communication 
transparency.

5.3  Limitations and Future Research

There are several limitations in this study. First, the data in this study were collected 
from young students. Although young participants are among the most active users 
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of information technology, different demographics should be included in future 
research. Second, the antecedents of group efficiency development are complex. 
Group efficiency can be influenced by many other factors, such as task interdepend-
ence (DeChurch and Mesmer-Magnus 2010) and the level of team virtuality (De 
Guinea et  al. 2012). We did not control for these factors in this study. Therefore, 
researchers could control for more factors that may influence group efficiency in the 
virtual team collaboration context in the future. Finally, it would be meaningful to 
capture other moderation factors between trust and group efficiency and to examine 
more interaction effects between different trust antecedents in future research.
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Appendix

Constructs and measurement items References

Reliability-based trust at the individual level
I did what I promised to do this week
I did what I said I would do this week
I fulfilled all tasks as we agreed this week

Cheng et al. (2016c)

Reliability-based trust at the group level
The group did what we promised to do this week
The group did what we said they would do this week
The group fulfilled all tasks we agreed to do this week

Cheng et al. (2016c)

Openness-based trust at the individual level
I was open to my group about my progress this week
I kept my group fully informed about my progress this week
I told the group everything about my progress this week

Cheng et al. (2016c)

Openness-based trust at the group level
The group was open to me about the progress this week
The group kept me fully informed about our progress this week
The group told me everything about our progress this week

Cheng et al. (2016c)

Group efficiency
Overall, I think we have established less/more group efficiency in our team this 

week

He et al. (2007)
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