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ABSTRACT

Psychological safety and turn-taking have both been listed
as key factors needed for collaboration in teams to emerge.
Specifically, prior work has shown that increased
communication in teams can lead to high psychological safety.
Prior work on turn-taking as a measure of communication has
mostly focused on its inclusivity in a team rather than its
frequency. While the gender composition of the team can
impact both participation as well as team psychological safety,
there is a lack of research at the individual level. As such, this
study provides the first attempt at connecting turn-taking,
gender, and psychological safety through the analysis of
members of fifteen engineering design student teams during the
concept generation stage of their project. Specifically, we
gathered video data to study how the number of turns and self-
turns in a team impact psychological safety at both the
individual and the team levels. We also examined how gender
impacts  participation and individual perceptions of
psychological safety. The results found that turns and self-turns
have a significant positive impact on an individual’s perception
of the team’s psychological safety. However, no such
relationship was found at the team level, indicating that there
may be additional wunderlying factors in team level
psychological safety. While we found that gender did not impact
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individual turn-taking, it did affect an individual’s perception
of their psychological safety. These results provide quantitative
evidence of the role of team communication on psychological

safety.
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design theory; design teams

1. INTRODUCTION

Imagine a nurse being too afraid to call a doctor on their
day off about a life-threatening issue or a young pilot fearing
that they will upset a superior if they raise a concern about
possible misjudgment in the cockpit [1]. These examples,
described by Amy Edmondson, identify why individuals may
be less likely to speak up or take the path of less interpersonal
resistance, resulting in harmful consequences. One way to make
sure individuals are able to provide crucial feedback in these
tough situations is through fostering psychological safety,
which is defined as, “the shared belief that a team is safe for
interpersonal risk-taking [2].” Psychological safety is not just
about being nice, but about being candid enough to challenge
group norms through interpersonal risk-taking [1, 2]. Above
other factors, psychological safety was found to be the key
contributing factor of team success [3] in a study of Google
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teams. Multiple research studies conclude that psychological
safety positively impacts teams’ performance, creativity, and
vitality [4-6].

A contributing factor of high psychological safety stems
from team members’ mutual respect and trust for one another,
which is built through exchanging personal information [2, 7].
In fact, trust is one of the core factors contributing to
psychological safety and can influence knowledge sharing
between team members, which bridges the gap between
creativity and psychological safety by allowing team members
to express their opinions [5, 8, 9].

In conjunction with psychological safety, the gender
composition of the team can also affect how individuals in a
team communicate and share their ideas [10]. Prior work has
argued that gender diversity, like psychological safety, can help
to improve group collaboration and foster radical innovation
[11, 12]. Focusing on communication, one study reported that
females in male-dominant teams were less likely to participate
in the discussion due to a lack of confidence within the team
[13]. Although there is a lack of research on how gender affects
an individual’s psychological safety directly, females have been
found to report higher levels of trust, a direct link to
psychological safety, than their male teammates [14].
Edmondson stated that psychological safety can help control
any potential communication difficulties by serving as a
moderator between diversity (such as gender) and
collaboration, since it creates a safe space to speak for the team
members [1].

To have high psychological safety within a team, it is
important that individuals do not fear of being judged by their
other team members [2]. If individuals are afraid of being
criticized for their ideas or opinions, they may choose to remain
silent and not participate [4]. This lack of communication can
be detrimental to team success, as researchers have indicated
that psychological safety influences team effectiveness through
productive communication and shared empathy [3]. From the
perspective of communication, turn-taking is an important
quantitative aspect that has been found to increase a teams’
collective intelligence and team performance [11, 15].
Additionally, equality in turn-taking across teams was one
similarity Google found across high psychological safety teams
[3]. This substantiates the importance of investigating turn-
taking in combination with psychological safety.

While prior work showed a positive relationship between
psychological safety and communication frequency, how this
translates to the engineering design environment remains
unclear [16]. Specifically, engineering design teams must be
able to communicate effectively when sharing ideas, or design
output could suffer. To further understand these topics while
building upon prior research, the objective of this paper was to
explore the relationship between turn-taking and psychological
safety at both the individual and team levels during the concept
generation stage of the design process. In addition, we
highlighted the role of gender in impacting individual
perceptions of psychological safety.

2. RELATED LITERATURE:

The aim of this research was to investigate the relationship
between gender, turn-taking, and psychological safety in
engineering design student teams. Before we discuss our
research question, we first review the prior work studying
psychological safety, communication, and gender. Following
this, we will describe an experiment to study these factors.

Psychological Safety and Communication

A psychologically safe environment is one where
individuals “feel safe at work in order to grow, learn, contribute,
and perform effectively in a rapidly changing world” [17]. As
such, it’s no surprise that psychological safety has been shown
to affect an individual’s willingness to engage within a team
[18]. This engagement may show up through a variety of
factors, such as their participation in the team through
communication and knowledge-sharing [5, 8, 9]. This is
particularly important in an engineering context as prior work
on the peer reviews of engineering student teams showed that
an increase in positive comments about the team’s
communication during concept generation resulted in higher
psychological safety scores [19]. This study, however, relied on
perceptions of communication, rather than documented
conversations. Nevertheless, this study highlights the potential
role of communication frequency (real or perceived) and
psychological safety.

While communication can be viewed through many
different lenses such as conversational dominance or number of
overlaps, turn-taking was listed with psychological safety as
two of the top ten conditions needed for collaboration to emerge
[20]. Not only does turn-taking help to increase a team’s
collective intelligence, it also helps to identify teams with high
and low psychological safety when turns are evenly spread
within the teams [3, 11]. Past research has mostly focused on
the inclusivity of turn-taking within a team in relation to
psychological safety instead of the frequency of total turns. This
is problematic since frequency measures could help to give
insight on psychological safety across all teams instead of each
team individually.

Turn-taking was first mentioned by Goffman in 1955 and
then again by Harvey Sacks in the 1960s, but was not explored
in depth until 1974 by Sacks et. al [21]. Goffman described a
turn as “an opportunity to hold the floor, not what is said while
holding it” [22]. On the other hand, Brown defined a turn as
what one participant says before the next participant begins
[23]. During a conversation, participants must process the
information quickly as well as predict the time of the next turn
so they can interject with their ideas [24]. When an individual
takes a turn, it demonstrates their understanding of the previous
turn as they give context for the next turn. Similar to findings
with psychological safety [3], one study showed that as turns
between team members become more even, they have a better
chance of becoming high performing [11]. In a team, turns can
help to prevent dominant personalities from overshadowing
quieter members of the team [25]. While engineering design
research has analyzed turn-taking in different contexts such as
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its positive impact on collaboration quality and creative
fluency, existing work has not expanded to include
psychological safety [26].

To investigate turn-taking in engineering design teams,
several models and factors exist to explore communication
patterns. Specifically, factors such as length, frequency, or
quality of turns can represent and measure turns in conversation
[25, 27, 28]. Edelsky labeled conversation as either a singly
developed floor where one person speaks at a time, or a
collaboratively developed floor where participants are free to
speak when they wish [29]. In contrast, Sacks et. al deemed
turn-taking as a form of organization in conversation by
developing a set of rules to categorize turns [30]. Specifically,
one person speaks at a time and overlaps are minimized [30].
At a transition relevance place, a speaker can self-select to
begin their turn. Or, they can give a signal such as a nonverbal
cue to another participant [30].

While turn-taking focuses on speaking up as a whole, a
self-turn is a subset of turns and occurs when a single speaker
begins to speak again without interruptions from their other
team members within an interval of their previous turn [31].
Self-turns may be related to self-selection, which is a common
occurrence with overlapping speech. Self-selection describes
when a speaker decides when to speak, instead of being
appointed by someone else [32]. Specifically, self-selection is
defined as, “an indication of the way the participants perceive
their discursive role” [33]. In other words, self-selection is how
comfortable individuals feel influencing the pre-set roles in the
conversation [33]. Self-turns can be seen as a specific instance
of self-selection when a person chooses to speak up (again)
without a response from another participant [31]. Importantly,
in a study on self-selection for guests on a talk show, the
number of self-turns a guest took was positively related to their
level of fame [33].

Although self-selection can represent the confidence an
individual has in their environment, it also has a downside as
reflected in competitive self-selection where an individual
speaks excessively to gain control of the floor [34]. While
having the confidence to speak up within a team is an important
characteristic of a psychologically safe team, competitive self-
selection may have a negative impact on team conflict and
psychological safety [2, 35]. An increase in an individuals’ self-
turns can also come across as monitoring to their other team
members, which stems from a lack of trust that their team
members will properly complete their tasks [36]. This
overcommunication can also negatively affect the trust of the
other team members as they may become self-protective or
defensive from the monitoring of their team members [36, 37].
Trust, a core factor of psychological safety, could be another
possible link between self-turns and psychological safety, as
team members must trust one another to feel safe in their teams
[2].

This prior work demonstrates the importance of the
inclusivity of turns within a team, models to define turns, and
the effect of self-turns. This research has not studied the
frequency of turns across teams in conjunction with

psychological safety. As such, one goal of this study was to
characterize how the number of turns affects both an
individual’s perception and a team’s psychological safety.

Can Gender Impact Participation and Psychological
Safety?

While the previous section outlined the potential
relationship between psychological safety and communication,
it failed to discuss the impact of individual differences. One
individual difference that is particularly important in the
engineering domain is the gender of the participant. Recently,
researchers have sought to find ways to increase the retention
of women in engineering [38-42]. Because of the extreme
paucity of women engineers, it is rare for an engineering team
to be female dominant [43]. Increasing gender diversity within
the field is necessary, as heterogeneous teams have been shown
to strengthen team performance and processes [43, 44].

While not studied in the context of psychological safety,
there has been a plethora of research on the impact of gender on
communication For example, studies by DeFrancisco and
Ghilzai showed that in conversations, females are oftentimes
more curious, leading to an increase in turn taking, especially
in mixed gender conversation [45, 46]. This difference in turns
that has been observed in the past has also been related to an
increase in interpersonal sensitivity for females instead of a lack
of assertiveness [47]. In addition to sharing their ideas, females
are known to give a greater number of minimal responses such
as saying, “right,” to show support or interest for their team
members [48].

In a study of the conversations of unacquainted college
students about television programs, male experts were often
perceived as more dominant and occupied the floor more often
than females with a similar level of expertise [49]. Although
this study does not touch on turn-taking directly, it contrasts
with Ghilzai’s [46] findings , where females were more
dominant than males in conversation. Also, Zimmerman and
West concluded that males interrupted females more in
conversation than the reverse [50]. An additional study focused
on turn-taking in an English classroom found that females were
more successful in holding the floor, while men were more
successful at getting the floor [51].

In an engineering domain, one study showed that first year
undergraduate engineering females oftentimes lack the
confidence to contribute within their team during the beginning
stages [52], which may impact early participation. In addition,
another study showed that females often take the less technical
roles in engineering teams such as secretarial work [53], which
could affect how the other team members perceive and
appreciate their contributions [53, 54], or the type of
communication they do in the team (after all how much talking
can you do if you’re taking notes too?).

While there have been various conclusions on the role of
gender in team conversational participation, past research has
also found varying conclusions on how gender affects the
psychological safety in a team. For example, research has
shown that creating gender-diverse teams can help to mitigate
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the harmful impacts of a psychologically unsafe environment
on creativity compared to a gender-dominant team [55].
Specifically, females placed in majority female groups tend to
feel less anxious compared to when they are the minority [13].
This may be because females often define more risk than males
in relation to within-group competition [56]. In general, females
are oftentimes more risk averse, which could impact their rating
of their perception of psychological safety or how comfortable
they feel taking interpersonal risks [57]. In addition, research
has shown that female team members often require an increase
in positive social interaction before they are comfortable
engaging in knowledge sharing [58], which is a result of
psychological safety [2, 59]. In contrast, another study found
that there wasn’t a significant change in a team’s psychological
safety as they increased the gender diversity by adding more
females [60]. Although not studied on psychological safety,
research has shown that females are more likely to underrate
themselves, while men are more likely to overrate themselves
[61], which may impact self-ratings of psychological safety.

Overall, prior research has shown that participation and
perceived psychological safety may be impacted by the gender
of the participant. This effect could be exaggerated in
engineering where women represent a mere 20.9% of the
undergraduate population [62]. However, there has been limited
evidence of this effect in engineering teams. As such, this paper
seeks to investigate gender and its effect on psychological
safety and communication patterns in engineering design
teams.

3. RESEARCH OBJECTIVES

The main objective of this paper was to explore how gender
and frequency of turns in a concept generation brainstorming
session affects the psychological safety of the individual and
the team. In particular, the following three research questions
(RQs) were explored:

RQ1: How does the gender of the participant impact turn-
taking and perceptions of psychological safety in
engineering design student teams? Our hypothesis was
that female team members would participate more in
their teams through a greater number of turns. This is
based on prior work showing that females took more
turns in a conversation compared to their male
counterparts [46]. In addition, we predicted that male
participants would rate their perception of psychological
safety higher than their female teammates. This is
because prior research has found that males are often
more confident and tend to overrate their performance
compared to females who are more critical and underrate
their performance [61, 63, 64]. Relating this to
psychological safety, we hypothesized that females
would be more likely to underestimate their team’s
collaboration at the start, having a lower perception of
psychological safety. This is because research in the
healthcare domain found that females reported lower

psychological safety than their male counterparts due to
status issues stemming from gender [65].

RQ2: How does the number of turns between team members
or self turns an individual engages in affect
perceptions of psychological safety? Our hypothesis
was that as an individual’s number of turns and self turns
increased, their perception of their psychological safety
would also increase. This is because prior research found
that knowledge-sharing, and communication help to
bridge the gap between creativity and psychological
safety by allowing team members to express their
opinions [5, 8, 9]. As this study focuses on a concept
generation discussion within a team, it is crucial that
team members have open communication to suggest
creative and practical ideas. Therefore, for team
members to feel comfortable sharing their opinions and
have high psychological safety, we predicted they must
partake in a higher number of turns. We also predicted
that an individual with a higher number of self-turns
would result in a higher perception of psychological
safety, as an increase in self-turns indicates the
individual’s level of confidence influencing the
conversation [33].

RQ3: How Does the number of turns between team
members and self turns a team takes affect team
psychological safety? Our hypothesis was that as a
team’s total number of turns and self turns increases,
their psychological safety will also increase. Similar to
RQ2, we predicted that the same logic will hold true at
the team level. Communication is a key factor in
fostering high psychological safety in teams that output
creative ideas by openly expressing their opinions [5, 8,
9]. Therefore, we predict, an increase in communication
reflected by the total number of turns between team
members and self-turns in a team would result in an
increase in psychological safety.

4. METHODOLOGY

To answer the research questions of this study, the concept
generation stage of a team design project in a first-year
engineering design course was recorded. The following section
summarizes the methodology of this study.

Participants

Participants for this study were recruited from three
sections of a first-year cornerstone engineering design course at
a large northeastern university. In total, 53 students (34 males
and 19 females) consented to participate in this study and were
separated prior to the study into seventeen engineering design
teams with three (N = 7) and four (N=8) team members. The
three-person teams consisted of 14 male participants and 6
female participants. The 4-person teams consisted of 19 male
participants and 13 female participants. Table 1 depicts details
of the gender composition of the teams. Gender of the students
was self-reported in this study with the options of male, female,
and non-binary. None of the students selected the third
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category, so for the purpose of this study, the participants are
referred to as males and females. Students in the course were
invited to participate in the study that was reviewed and
approved by the Institutional Review Board. Consent was
attained from participants.

TABLE 1: DISTRIBUTION OF PARTICIPANTS AND
GENDER COMPOSITION WITHIN 3 AND 4 PERSON
TEAMS. GENDER-DOMINANT TEAMS CONSIST OF
ONLY A SINGLE GENDER, WHILE GENDER-DIVERSE
TEAMS HAVE A COMBINATION.

# Team # Teams # gender- # gender-
Members dominant teams diverse teams
3 7 4 3
4 8 1 7
Total 15 5 10
Procedure

Participants took part in a graded project over the course of
a typical 15-week semester in Spring 2020. At the start of the
semester, students were assigned to 3- and 4- person teams
based on the 32-item Kirton’s Adaption-Innovation (KAI)
inventory to assess their cognitive styles. While not the focus of
this study, half of the teams were assigned with homogeneous
scores (within a 10-point range), while the other half were
assigned with heterogenous scores [66]. Teams were then given
a design problem to work through for the remainder of the
course, focusing on the need to “ensure healthy lives and
promote well-being for all through addressing diseases,
pollution, and traffic injuries.” Table 2 details the makeup of
each class.

TABLE 2: CLASS SIZE, AND NUMBER OF TEAMS PER
INSTRUCTOR.

Instructor | Sample Size (n)
A 31 students;

9 teams
B 22 students;

6 teams

The project was divided into 5 distinct time points: Start of
the project, concept generation, concept selection, prototyping,
and final deliverables. We attempted to balance the authenticity
of the design process while running a research study. At the end
of each time point, students completed the psychological safety
survey. During time point 1, students wrote their problem
statements after listening to two lectures on customer needs and
creativity in engineering design.

In time point 2, concept generation, participants were
given 15-minutes to individually brainstorm solutions to their
problem statements. The goal was to come up with creative
solutions that were both unique and novel [67]. Specifically,
this study focused on the second part of time point 2, team
concept generation, where students were asked to come

together to develop unique new ideas or a combination of ideas
from the individual session. Prior to this session, teams only
spent time together during two class periods (time points 1 and
2) and one of these periods was spent working individually
most of the time. At this stage in the project, that had not begun
working together outside of class. To collect data, teams were
spread throughout the room and video cameras with audio
capture were set up at each table. Any non-consenting teams
also had video cameras, but they were not turned on as to not
give away which teams had consented. While we collected
audio data and were able to conduct a turn-taking analysis, the
exact words that were spoken were difficult to interpret given
the classroom environment. The instructors provided cue cards
with leading questions to help guide the team discussion such
as, “Envision the details of how and where the product will be
used and fit the product to its context. Alternatively, redesign
the product to function in a new context. This can specialize the
product for target user groups.” Teams were mostly left to
brainstorm on their own, but instructors or teaching assistants
stepped in only to answer questions about the task. They did not
interfere with the brainstorming, and the portions of discussion
involving the professor or teaching assistant were not analyzed.
On average, team concept generation lasted 12.39 £ 1.31
minutes. The combined team brainstorming time for concept
generation was 3.10 hours.

Similar to time point 1, at the end of the session, each team
member took the seven-question psychological safety
assessment developed by Amy Edmondson as well as an open-
ended survey to write about their positive and negative team
interactions during this stage of the design process. The
psychological safety survey included questions such as, “If you
make a mistake on this team, it is often held against you” [2].
All of the questions helped to form a picture of how comfortable
each participant felt in the team while focusing on topics such
as making mistakes, having difficult conversations, and feeling
like a valued team member [2]. Their responses were then used
for the individual analysis and then aggregated as an average
value for the team analysis. The remainder of the project was
described and analyzed as part of a larger investigation focused
on the longitudinal trajectory of psychological safety in
engineering design courses [68].

Once the data was collected, two graduate students (raters)
used a media annotation software (DARMA) with a Logitech
Extreme 3D Pro Joystick to analyze the team conversations
[69]. The program collects ratings continuously throughout the
video length and is commonly used in social science research
to capture observable behavior. The raters assigned each
participant to a different quadrant and moved the joystick to
their quadrant when they began to speak. Moving the joystick
from one quadrant to another represented a change in speaker
(turn). If multiple students were speaking at once, the student
who was holding the floor (most dominant) was coded as
speaking for that second. From this analysis, the raters were
able to analyze the number of self-turns and turns between team
members. While this study only defines a turn as a form of
verbal communication, past research has included non-verbal
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cues such as head-nodding to indicate a turn [70]. A button was
held down on the joystick to represent silent time in the
discussion. To test the validity of this analysis, one of the raters
manually collected the speaker times for 2 of the videos. The
interrater reliability between the DARMA output and the
manual output was above 70%, which is sufficient and confirms
the validity of the DARMA analysis. In other words, during
70% of the team conversations, both the DARMA and manual
output coded either silent time or the same participant as
speaking.

Metrics

Several metrics were utilized in the analysis of this study
such as self turns, turns between team members, and
psychological safety. The following section presents how each
metric was calculated.
Participation

To explore the impact of participation on psychological
safety, two metrics were developed. These were based on prior
work with sociometric badges [31].

Self Turns: A turn was identified as a self-turn when one
speaker spoke again within 10 seconds of their previous turn
without interruptions from their other team members [31].

Turns Between Team Members: A turn between team members
was counted when a team member spoke within 0.5-10s
following a different team member’s speaking segment [31].

Psychological Safety

Psychological safety can be analyzed at the individual,
group, or organizational level [17]. Across all levels, it is related
to both team learning and team performance [17]. Analysis on
the individual level is often expanded to include information on
participants’ growth and satisfaction in their roles [17]. Even
though research has been conducted at all three-levels,
Edmonson stated that psychological safety is a group-level
construct [2]. Interrater agreement (rwg) must be checked to
ensure that aggregating individual-level data to the team-level
is justifiable [71]. To explore the factors related to
psychological safety, the following metrics were used.

Individual Perception of Psychological Safety was calculated
using the average of responses from Amy Edmondson’s seven
question psychological safety scale.

Team Psychological Safety is defined as the belief that members
of a team are safe for interpersonal risk-taking [2]. A team’s
psychological safety score was calculated based on the average
individual psychological safety scores from concept generation
described above.
i x

K
where X; is individual i’s psychological safety score during
concept generation and K is the number of team members.

Team Psychological safety =

5. RESULTS AND DISCUSSION

During the study, 53 students in 15 engineering design
teams, engaged in an average of 122.80 + 64.73 turns per team
and 34.21 + 20.45 turns per person during a 12.39 minute
average concept generation activity. The following section
outlines the results of the study in relation to the research
questions. The statistical data was analyzed via SPSS v.27 and
statistical significance was based off p<.05.

RQ1: How does the gender of the participant impact their
participation or an individual’s perception of their
psychological safety?

Our first research question was developed to understand
the impact of gender on participation and individual perceptions
of psychological safety. Our hypothesis was that female
participants would participate more, but male participants
would have a higher perception of psychological safety. This is
because in past studies, females took more turns in
conversation, but tended to underrate their performance
compared to their male counterparts who were more likely to
overrate themselves [46, 61, 63, 64]. To examine this
relationship, two independent one-sided T-tests were computed
as our hypothesis has a directional character, which was written
before data analysis. In this case, past literature has confirmed
that a one-sided t-test is more appropriate [72]. For
participation, we predicted that females would take more turns,
and for psychological safety, we predicted that males would
have a higher perception. All statistical assumptions were tested
before completing the analysis. Specifically, there were no
outliers based on a visual inspection of a boxplot, and individual
perceptions of psychological safety for each gender were
normally distributed according to a Shapiro-Wilk’s test (p
>.05). Finally, there was homogeneity of variances between
genders as assessed by Levene’s test for equality of variances
(p =.214). As such, the analysis proceeded.

— x| H

B Male

M Female

Average Perception of Psychological
Safety
o

1

Figure 1: Average perception of psychological safety
between genders. The maximum possible
psychological safety score is 7.
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Results of the one-sided T-test found that a male’s
individual perception of psychological safety was 0.35
(SE=.19) higher on average than a female’s perception. In other
words, there was a statistically significant difference in mean
perceptions of psychological safety between males and females,
#50) = 1.807, p = .038. Specifically, male participants gave an
average psychological safety score of 6.28 (SD = .61), while
females had an average score of 5.93 (SD = .78) as seen in
Figure 1.

Two more one-way independent t-tests were run to
determine if there were differences in participation between
males and females. The total number of turns between team
members and self-turns were used as a measure for
participation. All assumptions were met before completing the
analysis. There was not a statistically significant difference
between the total number of turns between male and female
participants, #51)=-1.027, p = .155. There was a similar
nonsignificant finding of the difference in self-turns between
male and female participants, #(51)=.187, p = .426. Therefore,
even though male’s rate themselves higher in terms of
psychological safety, they do not participate differently than
their female counterparts.

To summarize, the results showed that male team members
had a higher perception of their psychological safety than
female team members, which aligned with our original
hypothesis. As concluded by prior research, males are often
more confident in their abilities, while females are more critical
in self-assessments [63, 64]. In this context, women have a
more critical perception of team psychological safety than their
male teammates. Male team members might have a more
positive outlook on the team collaboration or in other words,
might be blind to conflict that is arising within the team [63,
64]. This difference in psychological safety rating between
genders implies that males and females have varying
perceptions of interactions both verbal and non-verbal within
the team.

We can see this pattern occurring in the post-discussion
survey where participants were asked to describe the positive
and negative interactions within their team. Team 56 is a 4-
person team with 2 females and 2 males. Both male team
members commented that there were no negative interactions,
while one female team member wrote, “sometimes an idea is
negated,” and another female wrote, “we just bounce around a
lot of random unrealistic ideas for the region however we
quickly stay away.” This pattern is also apparent in Team 67,
which also has 2 females and 2 males. The male team members
once again did not cite any negative interactions, while both
females did. One of the female participants said, “some people
have trouble thinking of ideas,” which insinuates an unspoken
sense of frustration within the team. In conclusion, gender
affects an individual’s perception of their psychological safety,
but did not influence the number of turns an individual took
during the concept generation discussion.

RQ2: How does the number of turns between team
members and self turns an individual engages in affect
perception of psychological safety?

Our second research question was developed to understand
the impact of the number of turns between team members and
self-turns on an individual’s perception of psychological safety.
Our hypothesis states that an individual’s perception of
psychological safety would increase as their number of turns
between team members and self-turns increased. This is based
on previous research that showed that psychological safety
increased with the frequency of communication [73]. After
running a Pearson’s product-moment correlation, there was a
moderate correlation between self turns and turns between team
members, 7(53) = .319, p<.05. Therefore, self-turns and turns
between team members were run in two separate models to
predict an individual’s perception of psychological safety. All
statistical assumptions were met prior to the analysis including
linearity by visually inspecting the two scatterplots of self turns
and turns between team members against individual
psychological safety. In addition, there was homoscedasticity
and normality of residuals. From the analysis, both turns
between team members and self turns were positively related to
individual perceptions of psychological safety. In terms of team
composition, neither the gender diversity or heterogeneity of
the team statistically significantly predicted individual
perception of psychological safety, so it was not included in the
analysis.

For the first linear regression, the prediction equation was:
individual perception of psychological safety = 5.757 +
0.013*turns between team members. Turns between team
members significantly predicted individual psychological
safety, F(1,51) = 6.900, p=.011 with R? =.121 and adjusted
R? =.104. This supports our hypothesis that turns between
team members and psychological safety would have a positive
relationship.

The second linear regression had individual perceptions of
psychological safety as the independent variable and self-turns
as the dependent variable. Similar to turns between team
members, self turns also had a positive relationship with
psychological safety, F(1,51) = 5.205, p=.027 with R? = .094
and adjusted R% =.076. The regression equation Wwas:
individual perception of psychological safety = 5.948 +
0.042*self turns. This again supports our hypothesis that self-
turns, and psychological safety have a positive relationship.

To summarize, as the number of turns between team
members and the number of self-turns that an individual takes
increased, the greater the likelihood that an individual would
have a higher perception of psychological safety at that time
point. These findings support the importance of communication
and knowledge sharing in building psychological safety. A turn
might just be a participant saying, “yes,” to agree with their
teammate, but this small gesture helps the teammate understand
that the participant is engaged in the conversation. As an
individual stays engaged in the conversation and is listening and
responding to their team members, they are more likely to feel
psychologically safe within their team. The second part of the
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analysis states that in addition, as the number of self-turns
increases, the individual’s perception of psychological safety
also increases. Therefore, even if an individual does not get a
response from their team members right away, they still feel
confident and psychologically safe enough to speak again
without instant feedback. To note, the relationship between turn
length and psychological safety was also tested, but the result
was non-significant. As turn length was not the focus of this
paper, we are not including the details here.

Once again, these findings are reflected in the qualitative
post-discussion surveys. Participant 257 who had the lowest
perception of psychological safety in the study (4.29 out of 7)
wrote, “sometimes I’'m really afraid to speak up because I'm
worry about my English-speaking skills.” On the other end of
the spectrum, 10 participants had a perfect psychological safety
score of 7 and mostly wrote about only their positive
interactions and did not cite any negative interactions.
Participant 210 in Team 54 wrote, “We came up with plenty of
meaningful ideas and have very productive conversations
regarding our problem.” Communication is a key factor of
psychological safety as mirrored in both the turn-taking and
survey data. Since psychological safety is often studied at the
team level, we also examined if these findings would stay
consistent or change at this level.

RQ3: How does the number of turns between team
members and self turns a team takes affect the team’s
psychological safety?

While RQ2 focused on individual perceptions of
psychological safety, RQ3 turns the focus to team
psychological safety. Specifically, if the number of turns
between team members and self-turns a team takes affects their
psychological safety level during concept generation. Similarly
to RQ2, we hypothesized that the number of turns between team
members and self turns would have a positive relationship with
the team psychological safety, since prior research depicted that
increased communication results in higher psychological safety
[73]. To analyze psychological safety at the team-level, it was
justifiable to aggregate to the team level, as demonstrated by an
acceptable level of agreement (1, = 0.87, [CC(1) = 0.17, and
ICC(2) =0.44) [68]. Similar to the individual level, team gender
diversity and homogeneity did not significantly predict team
psychological safety, so was not added to the analysis.

Before running the linear regression, all assumptions were
checked and met. Specifically, there was homoscedasticity and
normality of residuals as well as linearity by visually inspecting
the scatterplots of self turns and turns between team members
against psychological safety. After running a linear regression,
there was not a significant relationship between self-turns and
psychological safety at the team level during concept
generation, F(1,13) = 2.286, p = .154. A similar nonsignificant

4 person teams
Team Psychological Safety

67 5.43 (OTTIT WUTNTON TTTT 0 WO LTI~ T TOT o T T T 7 7
66 5.5 (CTRITTT BT T [TTHTINE TTITAATUENTT T VNTINTINTe 7 1.
58 6.07 [ I TITTT 57 i 10 | W W [ [ IENTEN N T T TRTIT
55 6.07
54 6.36
57 6.46
63 6.68
56 6.71
Time (seconds)
I vcicipant | [N Poccipan: 2 [N Participant 3 Participant 4 Sitent
3 person teams
Team Psychological Safety
65 5.46 [ 11111 T [N 1 MO W T W T TTI0 0
61 6.1
68 sas [T T T T T T T T ] Il [ THT T TR CTTT T T 1
56.5 6.29
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FIGURE 2: Communication pattern charts categorized by team size and psychological safety score. Colors represent
individual participant speaking time and silent time. Silent time in the team is shown by the lightest color and the
individual who spoke the most (Participant 1) is represented by the darkest color. The other 2 or 3 students in the team
are represented by the color range in between.
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relationship was found between member turns and
psychological safety, F(1,13) = 0.029, p = .867. Therefore,
unlike the individual level, the number of self-turns or turns a
participant takes with their team members does not affect their
team’s psychological safety score.

To further explore what was happening at the team level,
we graphed the communication patterns for all teams separated
by team size and ranked by psychological safety score (see
Figure 2). From a visual examination of the pattern charts for
both 3 and 4 person teams, there does seem to be a general trend
of low number of turns aligning with low psychological safety
and a high number of turns aligning with high psychological
safety. For both team sizes though, there are outliers that
affected the analysis. For a 4-person team, Team 63 seems to
be an outlier with a high psychological safety score of 6.68, but
a high amount of silent time, and low number of turns. In
addition, Team 63’s psychological safety survey responses
contradict their survey responses as none of their team members
spoke about negative interactions in the discussion. In contrast,
they spoke positively about their experience and one member
wrote, “We were able to brainstorm many good ideas and build
off each other,” which intuitively would reflect a high level of
participation.

The 3-person team charts show a similar pattern as the 4
person charts with low psychological safety teams such as
Team 65 (PS score of 5.46) having low participation and turns
and high psychological safety teams such as Team 60 (PS score
of 6.79) having the reverse. There are a few outliers that can be
seen visually in the pattern charts for 3 person teams. Team 64
has the second highest level of psychological safety, 6.36, but a
low amount of participation and turns. Two of the team
members wrote that they did not experience any negative
interactions, whereas, one member wrote, “Some of the ideas
that I proposed were met with "I don't know" and no further
discussion occurred.” As for Team 56.5, although their
psychological safety score of 6.29 is higher than three of the
teams, their participation and number of turns are lower. One of
the team members wrote, “Maybe we did not talk as much as |
would have liked to but we’re getting there,” showing a positive
outlook of the future.

Both the pattern chart and the qualitative responses explain
that there are other factors that must be taken into consideration
when analyzing psychological safety at the team level. One
natural question that could come up is if the diversity of turn
taking within a team affects the team’s psychological safety.
While this is not the focus of this paper, we did explore this
question and it was not significant. Further research is needed
to understand how additional factors such as the mix of
personality types among members could moderate the
relationship between the frequency of turns and psychological
safety at the team level.

6. LIMITATIONS, CONCLUSIONS, AND FUTURE
WORK

This study confirmed the importance of communication in
facilitating psychological safety [5, 8, 9], but looked at it

through a new lens of turn-taking. We can conclude that not
only is the inclusivity of turns important in teams [3, 11], but
also the frequency of turns each individual takes. Our findings
related to self-turns and psychological safety aligned with
previous research, which stated that a higher number of self-
turns signals an individual’s higher level or confidence or
comfortability within the team [33]. When the data was
analyzed at the team level though, the relationship between
turns and psychological safety was not significant as there are
more factors such as personality types within the team that
could come into play. Also, past research stated that female
team members usually take more turns than their male
counterparts [46], but this was not the case in our research. We
can conclude though, that male team members have a higher
perception of their psychological safety. This confirms past
research that found that males often overrate themselves, while
females underrate themselves [61, 63, 64].

While this study presented findings on the effects of gender
and turn-taking on psychological safety at the individual and
team levels, there are some limitations to take into
consideration. The sample size of this study was quite small
with only 15 teams. A larger sample is needed to further
examine team level data. Also at the team level, other factors
such as personality type must be studied in conjunction with
turn-taking to better understand the full picture of team
communication. The qualitative data gave incite to a possible
difference in psychological safety between native and non-
native English speakers. This information was not collected in
this study, but would be interesting to understanding further in
future studies. The participants in this study were engineering
students, so it is unknown whether these findings will replicate
in team conversations outside of the classroom. In addition, the
individual and team psychological safety scores were
determined from survey results. Although students were
assured that their responses would not affect their success in the
class, sometimes students are not completely honest with the
difficulties they might face in the team. Moving forward, it
would be interesting to study the effects of gender on turn-
taking specifically with an increased sample size and
strategically formed teams to understand same gender
communication compared to opposite gender communication.
Also, future studies should analyze audio transcriptions, if
possible, to further understand team interactions. In conclusion,
the following conclusions were made from our analysis:

e Male team members had a higher perception of

psychological safety in the team than females.

e  Self-turns and turns between team members positively
predicted individuals’ perceptions of psychological
safety.

e Self-turns and turns between team members did not
significantly predict team psychological safety.

7. ACKNOWLEDGEMENTS

This study was supported by the National Science
Foundation under Grant No. 1825830. Special thanks are given
to Courtney Cole and Mohammed Alzayed for their help with

Copyright @ 2022 by ASME



this study. Thank you to the students as well for their
participation in this study.

REFERENCES

[1] Edmondson, A. C., and Roloff, K. S., 2008, "Overcoming
barriers to collaboration: Psychological safety and
learning in diverse teams," Team effectiveness in
complex organizations, Routledge, pp. 217-242.

[2] Edmondson, A., 1999, "Psychological Safety and Learning
Behavior in Work Teams," Administrative Science
Quarterly, 44(2), pp. 350-383.

[3] Duhigg, C., 2016, "What Google learned from its quest to
build the perfect team," The New York Times Magazine,
26(2016), p. 2016.

[4] Kark, R., and Carmeli, A., 2009, "Alive and creating: the
mediating role of vitality and aliveness in the
relationship between psychological safety and creative
work involvement," Journal of Organizational Behavior,
30(6), pp. 785-804.

[5] Kessel, M., Kratzer, J., and Schultz, C., 2012,
"Psychological safety, knowledge sharing, and creative
performance in healthcare teams," Creativity and
innovation management, 21(2), pp. 147-157.

[6] Bain, P. G., Mann, L., and Pirola-Merlo, A., 2001, "The
innovation imperative: The relationships between team
climate, innovation, and performance in research and
development teams," Small group research, 32(1), pp.
55-73.

[7] Depping, A. E., Mandryk, R. L., Johanson, C., Bowey, J.
T., and Thomson, S. C., "Trust me: social games are
better than social icebreakers at building trust," Proc.
Proceedings of the 2016 Annual Symposium on
Computer-Human Interaction in Play, pp. 116-129.

[8] Zhang, Y., Fang, Y., Wei, K.-K., and Chen, H., 2010,
"Exploring the role of psychological safety in promoting
the intention to continue sharing knowledge in virtual
communities," International Journal of Information
Management, 30(5), pp. 425-436.

[9] Cabrera, E. F., and Cabrera, A., 2005, "Fostering
knowledge sharing through people management
practices," The international journal of human resource
management, 16(5), pp. 720-735.

[10] Meadows, L. A., and Sekaquaptewa, D., "The effect of
skewed gender composition on student participation in
undergraduate engineering project teams," Proc. 2011
ASEE Annual Conference & Exposition, pp. 22.1449.
1441-1422.1449. 1413.

[11] Woolley, A. W., Chabris, C. F., Pentland, A., Hashmi, N.,
and Malone, T. W., 2010, "Evidence for a collective
intelligence factor in the performance of human groups,"
science, 330(6004), pp. 686-688.

[12] Nembhard, I. M., and Edmondson, A. C., 2012,
"Psychological safety," The Oxford handbook of
positive organizational scholarship.

[13] Dasgupta, N., Scircle, M. M., and Hunsinger, M., 2015,
"Female peers in small work groups enhance women's

10

motivation, verbal participation, and career aspirations in
engineering," Proceedings of the National Academy of
Sciences, 112(16), pp. 4988-4993.

[14] Furumo, K., and Pearson, J. M., 2007, "Gender-based
communication styles, trust, and satisfaction in virtual
teams," Journal of Information, Information Technology
& Organizations, 2.

[15] Haan, K.-W., Riedl, C., and Woolley, A., 2021,
"Discovering Where We Excel: How Inclusive Turn-
Taking in Conversation Improves Team Performance,"
Companion Publication of the 2021 International
Conference on Multimodal Interaction, Association for
Computing Machinery, Montreal, QC, Canada, pp. 278—
283.

[16] Siemsen, E., Roth, A. V., Balasubramanian, S., and
Anand, G., 2008, "The Influence of Psychological Safety
and Confidence in Knowledge on Employee Knowledge
Sharing," Manufacturing & Service Operations
Management, 11(3), pp. 429-447.

[17] Edmondson, A. C., and Lei, Z., 2014, "Psychological
Safety: The History, Renaissance, and Future of an
Interpersonal Construct," Annual Review of
Organizational Psychology and Organizational Behavior,
1(1), pp. 23-43.

[18] Kahn, W. A., 1990, "Psychological Conditions of
Personal Engagement and Disengagement at Work,"
Academy of Management Journal, 33(4), pp. 692-724.

[19] Cole, C. O. C., Abigail; Gong, Zibing; Jablokow,
Kathryn; Mohammed, Susan; Ritter, Sarah; Heininger,
Katie; Marhefka, Jacqueline; Miller, Scarlett R. , 2022,
"What Factors Impact Psychological Safety in
Engineering Student Teams? A Mixed-Method
Longitudinal Investigation," Journal of Mechanical
Design.

[20] Preston, N., "What may be the 10 Conditions for
Collaboration to Emerge?."

[21] Harvey, S., and Gail, J., 1995, "Lectures on
conversation," Blackwell.

[22] Goffman, E., 1981, Forms of talk, University of
Pennsylvania Press.

[23] Brown, P., 1990, "Gender, politeness, and confrontation
in Tenejapa," Discourse Processes, 13(1), pp. 123-141.

[24] Levinson, S. C., 2016, "Turn-taking in human
communication—origins and implications for language
processing," Trends in cognitive sciences, 20(1), pp. 6-
14.

[25] Kulyk, O., Wang, J., and Terken, J., "Real-time feedback
on nonverbal behaviour to enhance social dynamics in
small group meetings," Proc. International Workshop on
Machine Learning for Multimodal Interaction, Springer,
pp- 150-161.

[26] Peppler, K., 2015, "Using real-time trace data to predict
collaboration quality and creative fluency in design
teams."

[27] Hornecker, E., and Buur, J., "Getting a grip on tangible
interaction: a framework on physical space and social

Copyright @ 2022 by ASME



interaction," Proc. Proceedings of the SIGCHI
conference on Human Factors in computing systems, pp.
437-446.

[28] Morris, M. R., Cassanego, A., Paepcke, A., Winograd, T.,
Piper, A. M., and Huang, A., 2006, "Mediating group
dynamics through tabletop interface design," IEEE
computer graphics and applications, 26(5), pp. 65-73.

[29] Edelsky, C., 1981, "Who's got the floor?," Language in
society, 10(3), pp. 383-421.

[30] Sacks, H., Schegloff, E. A., and Jefferson, G., 1978, "A
simplest systematics for the organization of turn taking
for conversation," Studies in the organization of
conversational interaction, Elsevier, pp. 7-55.

[31] Chen, H.-E., and Miller, S. R., 2017, "Can Wearable
Sensors Be Used to Capture Engineering Design Team
Interactions?: An Investigation Into the Reliability of
Sociometric Badges," ASME 2017 International Design
Engineering Technical Conferences and Computers and
Information in Engineering Conference.

[32] Abdullah, I. H. H., and Laila, M., 2016, "The study of
turn-taking in Jane Eyre Movie 2011," Universitas
Muhammadiyah Surakarta.

[33] Hamo, M., 2006, "Caught between freedom and control:
‘ordinary’ people’s discursive positioning on an Israeli
prime-time talk show," Discourse & Society, 17(4), pp.
427-446.

[34] Cromdal, J., 2001, "Overlap in Bilingual Play: Some
Implications of Code-Switching for Overlap
Resolution," Research on Language and Social
Interaction, 34(4), pp. 421-451.

[35] Brouwer, R., "When Competition is the Loser: The
Indirect Effect of Intra-team Competition on Team
Performance through Task Complexity, Team Conflict
and Psychological Safety," Proc. 2016 49th Hawaii
International Conference on System Sciences (HICSS),
pp. 1348-1357.

[36] Moe, N. B., and Smite, D., 2008, "Understanding a lack
of trust in Global Software Teams: a multiple-case
study," Software Process: Improvement and Practice,
13(3), pp. 217-231.

[37] Jarvenpaa, S. L., Shaw, T. R., and Staples, D. S., 2004,
"Toward Contextualized Theories of Trust: The Role of
Trust in Global Virtual Teams," Information Systems
Research, 15(3), pp. 250-267.

[38] Peng, A., Menold, J., and Miller, S. R., "Does It
Translate? A Case Study of Conceptual Design
Outcomes With US and Moroccan Students," Proc.
International Design Engineering Technical Conferences
and Computers and Information in Engineering
Conference, American Society of Mechanical Engineers,
p. VO03T003A002.

[39] Stolk, J. D., Gross, M. D., and Zastavker, Y. V., 2021,
"Motivation, pedagogy, and gender: examining the
multifaceted and dynamic situational responses of
women and men in college STEM courses,"
International Journal of STEM Education, 8(1), pp. 1-19.

11

[40] Andrews, M. E., Patrick, A. D., and Borrego, M., 2021,
"Engineering students’ attitudinal beliefs by gender and
student division: a methodological comparison of
changes over time," International Journal of STEM
Education, 8(1), pp. 1-14.

[41] Marra, R. M., Rodgers, K. A., Shen, D., and Bogue, B.,
2009, "Women engineering students and self-efficacy: A
multi-year, multi-institution study of women engineering
student self-efficacy," Journal of engineering education,
98(1), pp. 27-38.

[42] Matusovich, H. M., Streveler, R. A., and Miller, R. L.,
2010, "Why do students choose engineering? A
qualitative, longitudinal investigation of students'
motivational values," Journal of Engineering Education,
99(4), pp. 289-303.

[43] Wang, M.-T., and Degol, J. L., 2017, "Gender gap in
science, technology, engineering, and mathematics
(STEM): Current knowledge, implications for practice,
policy, and future directions," Educational psychology
review, 29(1), pp. 119-140.

[44] Bear, J. B., and Woolley, A. W., 2011, "The role of
gender in team collaboration and performance,"
Interdisciplinary science reviews, 36(2), pp. 146-153.

[45] DeFrancisco, V., 1997, "Gender, power and practice: or,
putting your money (and your research) where your
mouth is," Gender and discourse, pp. 37-56.

[46] Ghilzai, S. A., and Baloch, M., 2015, "Conversational
analysis of turn taking behavior and gender differences
in multimodal conversation," European Academic
Research, 3(9), pp. 10100-10116.

[47] Mehl, M. R., Vazire, S., Ramirez-Esparza, N., Slatcher,
R. B., and Pennebaker, J. W., 2007, "Are women really
more talkative than men?," Science, 317(5834), pp. 82-
82.

[48] Thornberg, J., 2011, "Boy and Girl Talk: A
sociolinguistic study of international high school
students' turn-taking patterns from a gender perspective."

[49] Leet-Pellegrini, H. M., 1980, "Conversational Dominance
as a Function of Gender and Expertisel1This article is
based on a doctoral dissertation submitted to the
Department of Psychology, Tufts University. The author
wishes to thank thesis advisor, Zella Luria, as well as
Bruce Fraser, Nancy Henley, Elliot Mishler and Jeffrey
Z. Rubin for their contributions," Language, H. Giles,
W. P. Robinson, and P. M. Smith, eds., Pergamon,
Amsterdam, pp. 97-104.

[50] Zimmermann, D. H., and West, C., 1996, "Sex roles,
interruptions and silences in conversation,"
AMSTERDAM STUDIES IN THE THEORY AND
HISTORY OF LINGUISTIC SCIENCE SERIES 4,
JOHN BENJAMINS BV, pp. 211-236.

[51] Zhang, H., 2010, "Who dominates the class, boys or
girls?: A study on gender differences in English
classroom talk in a Swedish upper secondary school."

[52] Laeser, M., Moskal, B. M., Knecht, R., and Lasich, D.,
2003, "Engineering design: Examining the impact of

Copyright @ 2022 by ASME



gender and the team's gender composition," Journal of
Engineering Education, 92(1), pp. 49-56.

[53] Meadows, L. A., and Sekaquaptewa, D., "The influence
of gender stereotypes on role adoption in student teams,"
Proc. 2013 ASEE Annual Conference & Exposition, pp.
23.1217. 1211-1223.1217. 1216.

[54] Itani, M., and Srour, 1., 2016, "Engineering students’
perceptions of soft skills, industry expectations, and
career aspirations," Journal of professional issues in
engineering education and practice, 142(1), p. 04015005.

[55] Lee, H. W., Choi, J. N., and Kim, S., 2018, "Does gender
diversity help teams constructively manage status
conflict? An evolutionary perspective of status conflict,
team psychological safety, and team creativity,"
Organizational Behavior and Human Decision Processes,
144, pp. 187-199.

[56] Wang, X.-T., Kruger, D. J., and Wilke, A., 2009, "Life
history variables and risk-taking propensity," Evolution
and Human Behavior, 30(2), pp. 77-84.

[57] Byrnes, J. P., Miller, D. C., and Schafer, W. D., 1999,
"Gender differences in risk taking: A meta-analysis,"
Psychological bulletin, 125(3), p. 367.

[58] Connelly, C. E., and Kelloway, E. K., 2003, "Predictors
of employees’ perceptions of knowledge sharing
cultures," Leadership & Organization Development
Journal.

[59] Edmondson, A. C., and Lei, Z., 2014, "Psychological
safety: The history, renaissance, and future of an
interpersonal construct,” Annu. Rev. Organ. Psychol.
Organ. Behav., 1(1), pp. 23-43.

[60] Beigpourian, B., Ohland, M. W., and Ferguson, D. M.,
"The influence of percentage of female or international
students on the psychological safety of team," Proc.
2019 FYEE Conference.

[61] Hoffman, R. A., and Gellen, M. L., 1981, "A comparison
of self-evaluations and classroom teacher evaluations for
aides in a pre-student teaching field experience
program," The Teacher Educator, 17(2), pp. 16-21.

[62] 2021, "Undergraduate Enrollment."

[63] Pallier, G., 2003, "Gender Differences in the Self-
Assessment of Accuracy on Cognitive Tasks," Sex
Roles, 48(5), pp. 265-276.

[64] Torres-Guijarro, S., and Bengoechea, M., 2017, "Gender
differential in self-assessment: a fact neglected in higher

12

education peer and self-assessment techniques," Higher
Education Research & Development, 36(5), pp. 1072-
1084.

[65] O'Donovan, R., De Brun, A., and McAuliffe, E., 2021,
"Healthcare Professionals Experience of Psychological
Safety, Voice, and Silence," Frontiers in Psychology, 12,
p. 383.

[66] Cole, C., Marhefka, J., Jablokow, K., Mohammed, S.,
Ritter, S., and Miller, S., "Predicting a Paradigm Shift:
Exploring the Relationship Between Cognitive Style and
the Paradigm-Relatedness of Design Solutions," Proc.
International Design Engineering Technical Conferences
and Computers and Information in Engineering
Conference, American Society of Mechanical Engineers,
p. VO0O6T006A032.

[67] Amabile, T. M., 1988, "A model of creativity and
innovation in organizations," Research in organizational
behavior, 10(1), pp. 123-167.

[68] Cole, C., Marhefka, J., Jablokow, K., Mohammed, S.,
Ritter, S., and Miller, S., 2020, "How Engineering
Design Students’ Psychological Safety Impacts Team
Concept Generation and Screening Practices," ASME
2020 International Design Engineering Technical
Conferences and Computers and Information in
Engineering Conference.

[69] Girard, J. M., and Wright, A. G., 2018, "DARMA:
Software for dual axis rating and media annotation,"
Behavior research methods, 50(3), pp. 902-909.

[70] Ayres, J., Hopf, T., Brown, K., and Suek, J. M., 1994,
"The impact of communication apprehension, gender,
and time on turn-taking behavior in initial interactions,"
Southern Communication Journal, 59(2), pp. 142-152.

[71] LeBreton, J. M., and Senter, J. L., 2008, "Answers to 20
questions about interrater reliability and interrater
agreement," Organizational research methods, 11(4), pp.
815-852.

[72] Jones, L. V., 1952, "Test of hypotheses: one-sided vs.
two-sided alternatives," Psychological Bulletin, 49(1), p.
43.

[73] Siemsen, E., Roth, A. V., Balasubramanian, S., and
Anand, G., 2009, "The influence of psychological safety
and confidence in knowledge on employee knowledge
sharing," Manufacturing & Service Operations
Management, 11(3), pp. 429-447.

Copyright @ 2022 by ASME



