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This paper investigates team psychological safety (N=34 teams) in a 

synchronous online engineering design class spanning 4 weeks. While work 

in this field has suggested that psychological safety in virtual teams can 

facilitate knowledge-sharing, trust among teams, and overall performance, 

there have been limited investigations of the longitudinal trajectory of 

psychological safety, when the construct stabilizes in a virtual environment, 

and what factors impact the building of psychological safety in virtual 

teams. The results of this study identified that the construct of psychological 

safety took more time to become a reliable construct in virtual design teams, 

but once it stabilized, it did not change. Additionally, qualitative findings 

point to issues with communication and conflict across various stages of the 

design process in the development of psychological safety. Finally, we 

identify potential interventions to enhance team mental model development 

in the early phases of virtual teaming to support team psychological safety. 

Introduction 

What helps teams to remain effective during a worldwide pandemic? The 

COVID-19 pandemic has forced us to explore this question as education had 

to shift to remote formats, relying on conference call applications for events 

from classroom lectures to proctored exams [1]. Mixed-methods research 

has shown that this adjustment to online learning has negatively impacted 

students due to increased stress that can harm class performance [2] and 
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induce hesitance when using tools for conveying social cues [3]. While 

online learning is not a new concept, e.g., Massive Open Online Courses 

(MOOCs) that have been in use for several years [4], prior work showed 

that student-to-student interaction in these methods of online learning is 

typically low [5]. These reduced interactions are especially problematic 

when it comes to project-based courses that require greater student 

interaction, such as in engineering design classes. This could in turn prevent 

the development of team psychological safety, or the “shared belief that the 

team is safe for interpersonal risk taking” ([6] p. 123). This paper uses a 

mixed-methods approach to illustrate a framework for measuring 

psychological safety and analyzing qualitative data to understand how 

psychological safety influences team interactions in online project-based 

courses like engineering design. We focus our analysis on 1) understanding 

when psychological safety becomes reliable and established as a measure, 

2) how psychological safety varies between virtual and traditional teams, 

and 3) the factors that teams perceive to influence the building or waning of 

psychological safety. 

Measuring and Validating Psychological Safety in Teams Research 

Psychological safety plays a critical role in how teams coordinate and carry 

out tasks. Specifically, research has shown that this “safety” in teams is 

established through deep interactions and conversations that facilitate how 

team members feel treated and viewed by others [7], building from 

perceptions at the individual level, and then emerging as a collective team 

phenomenon [8, 9]. These feelings of psychological safety have also been 

shown to build and wane over time [10], and have been shown to translate 

to online contexts [11-13]. However, there are several challenges to 

supporting psychological safety in teams, including identifying when a 

shared understanding of team psychological safety is established and how it 

is affected over the course of a team’s lifecycle. Measuring this 

establishment can show to what extent team members can converge to a 

strong Team Mental Model (TMM), i.e., a measure of how similar team 

members’ organized knowledge representations are with each other [14]. 

Because psychological safety is dependent on whether team members are in 
agreement about how they feel about their team [6, 10], the effects of a 

stronger TMM demonstrate the potential for high psychological safety to 
drive team performance. 

The first challenge of supporting psychological safety is understanding if 

there is a shared understanding of psychological safety in a team. This 

shared understanding is important because psychological safety is a team-

level construct [6], referring to a shared belief that a team is safe for 
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interpersonal risk taking. As such, the first step in computing psychological 

safety is justifying aggregations of individual team members’ ratings of 

psychological safety to the team level and validating the team construct. 

This justification is established via two methods: (1) calculating interrater 

reliability (IRR, using Cronbach’s alpha), which indicates when perceptions 

of psychological safety are established, and (2) computing interrater 

agreement indices (rwg and ICCs), which justifies aggregating the scale to 

the team-level [15]. Cronbach’s alphas that do not meet the acceptable 

threshold (α > 0.70) may occur due to poor inter-relatedness between items 

or because heterogeneous constructs are present in the scale [16]. In 

addition, meta-analysis has shown that greater social presence, such as 

projecting one’s self and the ability to perceive one another in an online 

environment [17], is related to greater persistence, retention, motivation, and 

success in an online course [18]. These factors could impact how 

participants complete course requirements, such as the psychological safety 

surveys. Therefore, understanding these aspects can help with 

understanding the challenges of extracting such team-level metrics, 

especially when some team members do not engage in the course. In contrast 

with interrater reliability, agreement indices (such as rwg) and team member 

consistency measures (such as ICC, or intraclass correlation coefficient) 

allow us to investigate Team Mental Models (TMMs) [19]. Low ICC or rwg 

values would bring to concern the validity of the TMM, indicating a lack of 

team consensus on team perceptions of psychological safety [6], and thus 

raise concern for aggregating team member responses to the team level [20]. 

The second challenge in supporting psychological safety is understanding 

when a shared perception of psychological safety is established in a team. 

While psychological safety has been shown to be a consistent, generalizable, 

and multilevel predictor of numerous outcomes important to individuals, 

teams, and organizations [21], these studies tend to implement “snap-shot” 

methods that capture the psychological safety of a team at the end of a 

project rather than over the course of a project. This is problematic because 

while these studies show that psychological safety is important factor in a 

team’s performance, we do not know when to intervene, or what type of 

intervention would promote psychological safety. While recent research has 

shown that the TMM on psychological safety may stabilize early on in a 

team’s life cycle in traditional teams [22, 23], psychological safety may be 

more difficult to establish in virtual teams as task interdependence increases 

[24]. This can arise from barriers in sensing team members’ contexts and 

motives [25], lack of social and visual cues [26], and social loafing [27]. 

Furthermore, such obstacles can impact team performance negatively if 

individuals are “not on the same page” [28]. Thus, the first step is to 
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understand the establishment of psychological safety in the environment that 

most students and schools can access. 

Potential Differences with Virtual Teams in the Engineering Design Process 

This section highlights why there may be differences in psychological safety 

between traditional (in-person) and virtual teams’ engineering design 

processes and how we might be able to foster psychological safety during 

these stages. Particularly, meta-analytic evidence has shown that 

psychological safety influences tasks that are complex, knowledge-

intensive, and involve creativity and sense-making [29]. These tasks make 

up the engineering design process [22, 23]. However, moving engineering 

design to an online environment may negatively impact team psychological 

safety because engineering teams rely on knowledge-sharing [22] to develop 

design solutions, which can suffer in an online environment [11]. Even more 

problematic, psychological safety is typically measured using snapshot 

methods where only one measure is obtained [30], emphasizing the 

importance of questioning if psychological safety manifests itself differently 

throughout the engineering design process [23]. However, there has been 

limited evidence exploring the role of psychological safety throughout the 

engineering design process, particularly in a virtual setting. While the design 

process is categorized into three phases including generation, evaluation, 

and communication [31, 32], the cornerstone of this process is team 

formation.  

The beginning of most engineering design projects begins with team 

formation, where teams first meet and establish team culture. This early 

engagement is critical to the establishment psychological safety in a team, 

but research on traditional teams has shown that teams often vary in terms 

of formation, leadership, culture, norms, and accountability [33, 34] and that 

developing trust is a critical component of psychological safety [35]. This 

is further complicated in virtual teams where a lack of trust and free-riding 

team members is more prevalent, decreasing the likelihood of knowledge-

sharing between individuals [11, 26, 36, 37]. In addition, trust can be harder 

to establish in virtual teams due to lower social presence and slower 

communication, which can disrupt performance outputs [28], as well as a 
lack of social cues in the online environment [12, 25] which can limit a 

teams’ abilities to communicate naturally [13, 38]. Leadership is also related 
to trust such that team leaders can set the tone to create a psychologically 

safe environment [10, 29]. In online environments, leaders can build trust 

through “technological cues,” such as performing kind gestures and 

maintaining constant team communication [39]. Stemming from a lack of 

trust, meta-analytic evidence has shown that the more virtual the team, the 
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greater the opportunity for conflict over tasks [28]. However, conflict is not 

inherently bad [40], as psychological safety can allow teams to leverage 

conflict by encouraging team members to speak up and problem-solve 

through the issue [6, 10]. Otherwise, failing to control conflict can threaten 

team effectiveness and increase time for task completion [41]. To address 

trust issues, prior work used icebreakers and social games as interventions 

to build trust, which have been successful [42]. Additionally, structuring 

distributed synchronous peer-learning interactions improved performance 

and participation [43]. However, how we could even begin to apply such 

tools to foster team psychological safety at the start requires further 

preliminary work. 

Branching after the start of a project, the concept generation stage of the 

design process relies on teams to develop creative ideas to be evaluated at 

subsequent stages [44]. Psychological safety is important during this process 

because low psychological safety can impair the ability to communicate 

ideas and knowledge [11, 45], as well as provide teams with the freedom to 

take risks by offering creative solutions [6]. Psychological safety also plays 

a vital role in concept screening when teams make go/no-go decisions when 

moving forward with concepts, as teams with high levels of psychological 

safety are more likely to be open to providing feedback can benefit teams 

and feeling safe for risk-taking [6], particularly when selecting creative 

ideas. Additionally, leader agreeableness can promote psychological safety 

[46], helping teams to engage in the aforementioned behaviors. During 

prototyping, students try to convey their designs [47]. In the final stage of 

the design process, teams compile their work during the final deliverables 

stage. This stage can be affected by poor communication, which can 

promote interpersonal tension [10], and lack of time management [23]. In 

the case of low psychological safety, such issues can fester if team members 

do not feel safe to question the status quo [6]. This implies that low 

psychological safety can promote insufficiencies in coordinating together, 

substantiating its importance until a project’s end. 

Across the engineering design stages, other factors can also play a role in 

the development of psychological safety. For example, The Nine Critical 

Considerations of Teamwork (9 C’s) [48] (adapted to the Seven Critical 

Considerations of Engineering Design (7 C’s) in [49]), contain factors 

highlighted in meta-analytic research [10, 29]. In virtual teams, such issues 

can be amplified due to reliance on technology, which could limit the ability 

to communicate and coordinate work [12]. Therefore, how such factors 

relate to psychological safety should be investigated as well. 
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Research Design and Methodology 

Based on the previous literature, the goal of this work was to investigate the 

role of psychological safety in virtual engineering design teams. 

Specifically, this paper was developed to answer the following research 

questions: 

• RQ1: How long does it take teams’ psychological safety to become a 

reliable and established measure in virtual teams? Once established, how 

does psychological safety change over the design process?  

• RQ2: To what extent is team psychological safety different between in-

person (traditional) and virtual teams throughout the design process? 

• RQ3: What factors impact team psychological safety in virtual 

engineering design teams throughout the course of a design project? 

To answer the research questions presented above, an empirical study was 

conducted at a large northeastern university in the US during the first project 

of a cornerstone engineering design course over the Summer 2020 semester. 

The course provides students with the opportunity to go through an in-depth 

4-week design project. The time points in this study represent the milestones 

in the engineering design process for a team [31](see Fig. 1). 

Fig. 1. Study timeline – psychological safety was captured at the end of each design 

stage, lasting approximately 3 hours each (total time period: 4 weeks) 

Participants 

Thirty-four engineering design student teams across six sections (i.e., 

classrooms) composed of 127 participants (93 males and 34 females) 

participated in the study. All participants were enrolled in a first-year 

engineering design course at a large northeastern university. The study was 

integrated into the curriculum through a series of surveys at the end of stages 

to represent the time points, where Miller et al.’s [23] work looked at 

traditional teams in engineering design. However, the current investigation 

examines six sections of a first-year engineering design course, and both 

studies occurred as a condensed summer session course. The traditional 
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teams focused on designing for the developing world, and the virtual teams 

focused on designing for the developed world. Students were graded based 

on their participation.  

Procedure 

The online course followed a course schedule similar to the in-person study 

[23], where the psychological safety of the teams was analyzed over the 

same five time points (see Figure 1). Each design stage at their respective 

time point lasted approximately three hours, with approximately five days 

to a week in between each stage, and teams were grouped together for about 

half the time. In the online course, Zoom was used to conduct all lectures, 

which were broadcasted as live PowerPoint presentations. All students were 

able to use webcams and microphones to interact within the class, both in 

the main “classroom” with everyone present, and in breakout rooms. 

Importantly, at the end of each design stage, students completed an 

electronically distributed seven-question psychological safety survey 

developed by Edmondson [6], which is computed as an average of team 

members’ scores for the team measure. These survey questions investigate 

important aspects of a team’s relationship, such as team members feeling 

comfortable making mistakes without criticism, bringing up issues to 

overcome obstacles, and feeling valued as a team member [6]. At the end of 

each design milestone, students completed the psychological safety survey 

(five times). Participants were also required to provide positive and negative 

comments to support their rating in the psychological safety survey. 

All participants consented at the beginning of the study based on the 

Institutional Review Board guidelines established at the university. Table 1 

shows a summary of the number of participants, their instructors, and the 

design tasks in this study, along with the sample from [23]. 

 
Table 1 Descriptions of Design Challenges Based on Instructor and Semester 

Project Team Type Semester Instructor Number 

of Teams 

Number of 

Students 

Tackle food insecurity in 

developing countries as a 

result of climate, conflict, 
unstable markets, food 

waste, and lack of 

investment in agriculture. 

Traditional 

[23] 

SU 2018 A 12 46 

Based on the changes to 

the shopping experience 
imposed by COVID-19 

restrictions, address the 

needs of grocery store 

shoppers for the world of 

today and tomorrow. 

Virtual SU 2020 B 12 46 

C 11 40 

D 6 23 

E 5 18 
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At the team formation stage, instructors grouped students into teams of 

3 and 4 people randomly. Next, students were presented with a design 

challenge which varied depending on the section and instructor of the 

course. The teams then conducted in-depth context research on their design 

challenge, which guided their focus for their design project.  

During the concept generation stage, students attended a lecture 

delivered via Zoom on customer needs and developed their problem 

statements within their teams in breakout rooms. After this, an innovation 

lesson that focused on the importance of creativity in engineering design 

was conducted. Next, the participants were guided through a series of idea 

generation exercises where they were asked to individually sketch as many 

ideas as possible in a 15-minute session in nominal brainstorming groups. 

After generating ideas, students shared them on Stormboard; a web-based 

application for sharing sketches of ideas. 

During the concept screening stage, participants were led through a 

concept screening activity where they individually assessed all the ideas 

generated by their design team and rated them as “Consider” or “Do Not 

Consider.” This was conducted in the main Zoom “classroom” to limit teams 

from interacting. Ideas in the "Consider" category were concepts that the 

participant felt would most likely fulfill the goals for their design challenge, 

while ideas in the "Do Not Consider" category were concepts that the 

participants felt were not satisfactory for achieving their goals for the design 

challenge. This was continued until all ideas from the group were assessed. 

The students then discussed the ideas they screened and formed two piles as 

a group – “Consider” and “Do Not Consider.” They were tasked with 

picking out four distinct ideas to prototype in the next design stage. 

During the beta prototypes stage, instructors held a lecture on prototyping 

methods, discussing the benefits of creating physical and virtual prototypes, 

as well as mockups of user experiences. From there, the students were 

placed in their breakout rooms to discuss the best prototyping options (at 

least 2 different methods) for their beta prototypes, depending on the 

information they were seeking from testing with users. From there, they 

started working on their prototypes as a team. 

Fig. 2. Example of CAD rendering from one of the virtual teams – this represents a 

cart that travels to customers and stores refrigerated and unrefrigerated groceries 



 

How Long Until We Are (Psychologically) Safe? 9 

The project ended at the final deliverables stage, in which the final 

deliverables were completed including a formal PowerPoint presentation, a 

final design report, and a high-fidelity prototype including a CAD rendering 

of the design; an example is shown in Figure 2. 

Results 

Our results are presented in this section with relation to our research 

question. The statistical data were analyzed via the SPSS v.26. A value of p 

< .05 was used to define statistical significance. For all research questions, 

Cronbach’s alpha and ICCs were used to establish reliability, whereas team 

psychological safety measures were used as a dependent variable. 

Our first research question was developed to investigate how long it takes 

for psychological safety to become established as a reliable measure and 

whether the reliability changes over the course of the project. Our hypothesis 

was that psychological safety would not become a reliable measure until at 

least the idea generation stage due to a lack of social cues [12, 25] and social 

loafing while online [27]. Furthermore, lack of social presence can cause 

issues with motivation to complete tasks [18], therefore we hypothesized 

there may be decreased scale validity in the online environment. Finally, we 

hypothesized that ICC(1) and ICC(2) would tend to be lower in virtual 

teams, demonstrating lack of homogeneity in individuals’ TMMs.  

The results of our analysis reveal that the scale did not meet this internal 

reliability threshold during team formation and idea generation, shown in 

Figure 3. The results of this part of the research question support our 

hypothesis such that individuals’ perceptions of psychological safety may 

take longer to become established in virtual teams measured based on the 

scale’s reliability score, because team members may not have a sufficient 

understanding of their psychological safety. This could be attributed to 

participants having interpreted the scale items as heterogeneous and thus 

they rated each item differently [16]. Importantly, when we compare these 

findings to those captured during in-person instruction [23], we see that the 

construct of psychological safety is developed only after substantial time 

spent in the team setting, see Figure 3. This may be because the online 

environment makes it more difficult for team members to converge to a 
similar team mental model, due to lack of social cues [12, 25] that may limit 

teams’ abilities to communicate naturally [13, 38]. This in turn can lead to 
a breakdown in coordination and trust [12], ultimately hurting team 

performance in multiple facets, such as biased interpretations of team 

members’ behaviors. 
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Fig. 3. The internal consistency of the psychological safety scale over the five 

design stages as measured by Cronbach’s alpha (α) between traditional [23] and 

virtual engineering design student teams. The dashed line shows the acceptable 

level reliability (0.7). 

To identify when the construct of psychological safety was established in 

the teams, the consistency of scores among team members was analyzed. In 

other words, team members must have a shared agreement regarding the 

overall level of psychological safety of the team [6] at each design stage 

because psychological safety describes the team rather than individual 

perceptions. As such, if there were disagreements between team members 

about the level of psychological safety at any design stage it would mean 

the team did not have a shared view of this construct and thus it would not 

be considered a shared team level construct [15]. The results revealed that 

the mean rwg(j) for remaining valid design stages ranged from .85 to .91, 

indicating acceptable agreement on psychological safety level within teams. 

Interestingly, these measures were not drastically different from the 

traditional teams, as mean rwg(j) values were between 0.86 and 0.92 [23]. 

Similar findings were reflected in ICC values, where ICC(1) was highest for 

final deliverables in the traditional teams (0.32) [23], and highest for beta 

prototypes in the virtual teams (0.34). It was also lowest at concept screening 

in both team types. Additionally, ICC(1)s revealed a range of variance in 

psychological safety due to team membership, ranging from 9% (small 

effect) to 34% (large effect) [15]. The larger value at beta prototypes reflects 

greater team interaction compared to concept screening and final 

deliverables. ICC(2) values followed a similar trend, indicating greater 

reliability of group mean ratings of psychological safety over time [15].  
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Finally, results from the one-way repeated measures ANOVA failed to 

show any statistically significant changes in psychological safety, over time, 

F(1.591, 38.183) = 2.046, p = .151. These findings support our hypothesis, 

as prior research in engineering design teams showed that the trajectory of 

psychological safety varied by team [23]. This implies that it is not the 

design activity that contributes to any rises or dips in psychological safety, 

but rather the interpersonal interactions that occur within each team. This 

can be generalized to various fields where teamwork is necessary, 

particularly in an online setting. Importantly, psychological safety may not 

change much across all teams within an organization until a significant 

amount of time passes, allowing the construct to manifest [10]. This effect 

of limited time spent as a team is evident in these results, see Table 2. 

 
Table 2 Average Team Psychological Safety Descriptive Statistics and 

Psychometric Properties Across Time 
Design Stage Mean SD α Mean 

rwg(j) 

Median 

rwg(j) 

ICC(1) ICC(2) 

Concept 

Screening 

6.04 .517 

.70 .91 .92 .09 0.26 

Beta Prototypes 6.22 .651 .82 .90 .95 .34 0.64 

Final 

Deliverables 

6.17 .565 

.75 .85 .94 0.18 0.42 

While the first RQ looked at how psychological safety did not become a 

reliable measure across teams until concept screening and there was not a 

significant difference across the design stage that were valid for analysis, 

the second RQ looked at how psychological safety compares between virtual 

and traditional teams throughout the design process. The data from the 12 

teams in [23] were obtained from the authors and included in this analysis. 

Our hypothesis was that psychological safety would be lower in virtual 

teams, particularly during the earlier stages (e.g., team formation and 

concept generation) of the design project. The results show that at and 

beyond the concept screening stage in an engineering design project, 

differences in team psychological safety do not vary significantly between 

traditional and virtual teams (Table 3). These findings refute our hypothesis 

somewhat, as we would expect differences to be more prominent towards 

the beginning of the project, as prior research shows that it can be more 

difficult to foster psychological safety in online settings due to lack of social 

interactions that help form relationships and build trust [12, 36, 37]. These 

results imply that psychological safety does not vary between team types 

when comparing teams at each one of the design stages analyzed. However, 

results also point to something deeper occurring within the team. 

 

 
Table 3 Independent t-test Results from the Virtual and Traditional Teams [23] 
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Design Stage 

 

Mean 

(virtual 

teams) 

Mean 

(traditional 

teams) 

SD 

(virtual 

teams) 

SD 

(traditional 

teams) 

t-statistic p-

value 

Concept 

Screening 

6.04 5.96 .517 

.563 

t(43) = -

.574 .569 

Beta 

Prototypes 

6.22 6.11 .651 

.587 

t(38) = -

.509 .614 

Final 

Deliverables 

6.17 6.18 .565 

.668 t(41) = .031 .975 

While RQ1 and RQ2 established when psychological safety was 

established in design teams and how psychological safety varied between 

traditional and virtual teams, the goal of RQ3 was to identify the factors that 

impacted psychological safety within each design stage of the design 

process. To analyze the open-ended questions required at the end of the 

psychological safety survey, “Please describe any positive/negative team 

interactions or activities that impacted the rating,” qualitative analysis was 

conducted. Using directed content analysis based on a codebook developed 

by Gong [49], we coded the 1,027 qualitative responses collected in the 

study at the end of each survey. Our hypothesis was that different factors 

impact the development of psychological safety due to different tasks and 

skills involved in each stage of the engineering design process [31]. 

Specifically, psychological safety can help teams feel safe to share ideas, 

feel open to receiving feedback, and feel safe for risk-taking [6, 10]. In all, 

seven main factors were coded based on [49]; see Figure 4 for the 

frequencies.  

 

Fig. 4. Relative frequencies of discussion topics (total frequency of topic divided 

by total number of comments for each stage) spanning the project trajectory. 

Throughout the design process, the most to least frequently mentioned 

topics were coded in this order: communication, coordination, cooperation, 

composition, conflict, cohesiveness, and creativity. Based on Cronbach’s 
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alpha (RQ1), we began the analysis from concept screening. A summary of 

the statistical findings is shown in Table 4. 

 
Table 4 Linear Regression Results from the Qualitative Frequency and 

Psychological Safety Comparisons 
Concept Screening B SE B β t p 

Negative Conflict -5.204 1.302 -.583 -3.996 <.001 

Final Deliverables B SE B β t p 

Total Negative Comments -.558 .189 -.481 -2.958 <.001 

Negative Communication -1.403 .389 -.557 -3.609 <.001 

 

The results of the regression analyses revealed certain factors to be 

significantly influential on psychological safety. Specifically, these 

occurred at both the concept screening and final deliverables stages. There 

were no significant findings for the beta prototypes stage. Specifically, 

results of the regression analyses from concept screening revealed one 

significant prediction variable. Specifically, the frequency of negative 

conflict comments on a team from concept screening significantly predicted 

team psychological safety, F(1,31) = 15.66, p < 0.001, accounting for 34% 

of the variation in team psychological safety with adjusted R2=31.9%, a 

large effect size. The resulting prediction equation was: team psychological 

safety = 6.115 - 5.204*conflict (negative). Some participants cited lack of 

agreeableness as a negative aspect within their teams, for example: If 

someone does not agree they make sure they make it known [P378]. This 

aligns with the notion that teams with lower psychological safety tend to be 

less agreeable, particularly when someone who is less agreeable assumes a 

leadership role [46]. This can discourage teams from considering a broader 

spectrum of ideas during the screening process. Additionally, while conflict 

can be beneficial throughout the design process [40], lack of agreeability in 

this case does not stimulate productive discussion for selecting ideas. 

Contrasting with significant findings for negative conflict from concept 

screening, the final deliverables stage revealed different findings. The 

results of the regression analyses at final deliverables revealed two 

significant prediction variables. Specifically, the total negative comments a 
team documented statistically significantly predicted team psychological 

safety, F(1,29) = 8.752, p = 0.006, accounting for 23.2% of the variation in 

team psychological safety with adjusted R2=20.5%, a medium effect size. 

The resulting prediction equation was: team psychological safety = 6.435 - 

0.558* total comments (negative). Particularly, negative coordination 

comments (f=31) focused on topics such as being absent or late, lack of 

efficiency, working remotely, finishing on time, and work contributions. For 
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example, participants cited examples about efficiency: We wouldn't 

immediately address the confusion, instead of trying to figure out the 
problem for ourselves [P302]. Such comments imply that the virtual teams 

did not always understand the instructions, nor did they have the self-control 

to stay on task. Particularly, lack of social and visual cues [12] from 

classroom instructors, and social loafing [27] can detrimental to virtual 

teams.  

Additionally, several other participants complained about team members 

being either late or absent, for example: [Student A] left class without telling 

us multiple times, then claimed he/she had doctor’s appointments multiple 
times. When we ask for help [he/she] doesn’t respond or does 

underwhelming work [P379]. These kinds of comments imply a lack of trust 

in others, which can be detrimental to psychological safety [35], particularly 

online [11, 26]. Additionally, it implies that the team member may be free-

riding, another issue in virtual teams [28, 37]. Issues related to 

communication were prevalent even more so. Specifically, the total 

communication negative comments statistically significantly predicted team 

psychological safety, F(1,29) = 13.027, p < 0.001, accounting for 31.0% of 

the variation in team psychological safety with adjusted R2=28.6%, a large 

effect size [50]. The resulting prediction equation for final deliverables was 

team psychological safety = 6.336 - 1.403* communication (negative). 

Many participants lamented about the lack of communication from team 

members along having discussions. For example, a participant said: Not 

everyone talks very often there could be more feedback on the topics that 
are brought up throughout the discussions [P376]. This comment hints at 

the need for addressing the common issue of lack of social cues in the online 

environment [12, 25], which is blamed for limiting teams’ abilities to 

communicate naturally [13, 38]. Additionally, other team members voiced 

issues about contributing honest feedback: Members did not criticize one 
another ideas too harshly, in fear of hurting others feelings [P351]. This is 

part of low psychological safety where teams may be afraid to challenge the 

status quo [10]; in this case, not feeling safe to challenge others’ ideas during 

the design process. 

While statistical analyses cannot be completed for team formation and 

idea generation, there are some qualitative insights that may aid in 

understanding why this is, as well as potential plans for technological 

intervention development. Specifically, at team formation, the category with 

the highest negative frequency was communication (f=22). Many 

complaints centered around team members not talking much, for example: 

One person on my team didn't talk the entire time. They were talking in the 

background, texting, and overall seemed very uninterested in what we were 

doing [P379]. Other comments were very similar, and some participants 
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thought that the lack of conversation was due to being in a new team: I do 

not think that there were any negative interactions besides the fact that it 
can be a little quiet the first time you with work new people [P354]. This 

could be why psychological safety was unreliable, as lack of communication 

could make it difficult to gauge various facets of psychological safety, as 

well as make it difficult to build a TMM through getting to know one 

another. 

Similar to team formation, the frequency of similar issues about 

communication (f=21) were presented by the participants during idea 

generation. Specifically, some participants were still thought that awkward 

silences were due to still being a new team, for example: Occasional stops 

where there was silence, possible cause we were out of ideas and still new 

to the group [P271]. Such comments hint at the need for an intervention 

method that could encourage more participation in group conversations. 

Conclusion and Discussion 

In this paper, we investigated how the construct of psychological safety 

stabilizes in a virtual environment, the role of technology in the development 

of psychological safety, and potential interventions for supporting 

psychological safety development through a mixed-methods study of a first-

year engineering design students over the trajectory of a course project. The 

key findings from our study are as follows: 

• Individual perceptions of psychological safety take longer to establish 

and may be less reliable earlier on in virtual teams than traditional teams.  

• There was no statistical difference in the psychological safety of virtual 

teams during concept screening, beta prototypes, and final deliverables 

compared with traditional teams. 

• Negative comments about team conflict and communication were linked 

to lower psychological safety during concept screening and final 

deliverables, respectively. 

 

At the first two design stage, team formation and concept generation, the 

data were unusable for statistical analyses at RQ2 and RQ3 because they did 

not meet the criteria set by Cronbach’s alpha. Scale reliability can 
deteriorate due the presence of heterogeneous constructs in the scale [16], 

and because psychological safety covers various dimensions [6], that could 

be interpreted as heterogeneous constructs. However, psychological safety 
is valid across various settings [10], and has been successfully applied to 

traditional teams in engineering design [23]. This prompted further 

investigation of the comments from these design stages. The majority of 

comments from these design stages were categorized under communication, 



C. Cole, et al. 16 

where most participants voiced concerns over the lack of discussion in their 

breakout rooms. This lack of communication early on signals that teams 

simply do not interact enough to understand how safe they feel, as lack of 

social cues can limit teams’ abilities to communicate naturally [13, 38]. 

Thus, teams are prevented from building a Team Mental Model that 

promotes understanding the team’s motives [14]. This calls for instructors 

to implement strategies to encourage communication earlier on in a project 

with virtual teams. 

Because it is usually more difficult for communication to occur 

organically in a virtual team [12, 25, 33, 36], we recommend that instructors 

address this challenge before a project begins. To help students get to know 

one another, prior studies found that icebreakers and social games can be 

implemented to foster trust (which is conducive to psychological safety 

[35]) within teams [42] and encourage socializing to build psychological 

safety organically [39]. Similarly, prior work suggests utilizing informal 

exchanges and text chats to build a sense of community and avoid anxiety 

when using webcams [3], helping students to feel more comfortable. 

While lack of participation can hinder the establishment of psychological 

safety, conflict can disrupt its building. Although conflict has its benefits for 

promoting higher team performance in engineering design [40], in this 

study, conflict was more likely to be associated with lower psychological 

safety during concept screening. This calls for encouraging students to 

tactfully confront issues and listen to others to increase psychological safety 

in the long run and prevent issues from festering [6]. Thus, teams can use 

conflict combined with higher psychological safety to their advantage [10]. 

Additionally, lack of communication hinders the development of 

psychological safety early in the design process. Although we suggest team-

building activities to allow team members to get to know one another, such 

activities may not fully solve the communication problem. From research in 

MOOCs, structuring distributed synchronous peer-learning interactions and 

adding incentives for participation [43] could be applied to encourage more 

input from members within each team. However, this would require the 

development of a plugin that can be applied to various communication tools, 

such as video conference software. In addition to a lack of participation and 

interactions within teams, qualitative results point to issues with social 

loafing, which is a notable deficiency in virtual teams [27]. Thus, we suggest 

developing a tool to detect and discourage social loafing (e.g., when the 

room is quiet) within breakout rooms without being too intrusive.  

For virtual teams, there was a lack of responses to the psychological 

safety survey at many design stages, so data points from teams with at least 

50% participation were used in the analysis. However, rwg values show that 

the team psychological safety values tend to become stabilized as the time 
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progresses, aligning with the notion that psychological safety takes time to 

manifest and stabilizes over time [10]. Thus, we can assume most teams 

would be in agreement regarding their psychological safety in the later 

points of the project. 

Additionally, findings from RQ2 show that because psychological safety 

does not vary between the team types (virtual versus traditional), 

psychological safety is dependent on more than whether a team is virtual or 

not. Thus, further investigation as to what causes differences within each 

team is necessary, as we currently lack an understanding of what specifically 

causes psychological safety to increase or decrease within a virtual team. 

For example, undetected interactions, such as students communicating via 

text-based messaging during activities in the main Zoom “classroom” could 

have impacted psychological safety in various ways in the virtual teams. 

However, we do not believe these interactions occurred frequently, if at all, 

as students were not motivated in any way to covertly communicate. Other 

confounding factors could come from stress induced by the pandemic; 

however, this was not studied here, nor were individual personality factors 

and gender.  Furthermore, while design task, task duration, and task 

complexity may be impactful on design outputs, its impact on psychological 

safety was not investigated due to the scope of the paper. Similarly, 

prototyping may have been affected as well, but this was also outside the 

scope. Finally, while the guidance in this first project of the course may have 

impacted whether psychological safety changed, such changes are expected 

to be minimal, as team interactions were not manipulated directly. 
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