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ARTICLE INFO ABSTRACT

Keywords: Psychological safety is an important variable for understanding teams, as it is positively associated with team
Psychological safety performance, team learning, and creativity. A large body of research has been conducted on psychological safety
Validation

in teams that work face-to-face. The aim of this study was to investigate the construct validity of Edmondson’s
Team Psychological Safety Scale in the context of virtual student teams working on a joint project. The sample
used in this study consisted of 344 students who took part in an interdisciplinary project-based master’s course at
a Norwegian university. The data were analyzed with single-level confirmatory factor analysis (CFA) and
multilevel CFA (MCFA). Reliability was investigated with intra-class correlation coefficients, in addition to
Cronbach’s alpha and McDonald’s omega. Overall, the reliability estimates and goodness-of-fit estimates from
the CFAs demonstrated an adequately good level of fit for the one-factor structure of psychological safety in the
context of virtual student project teams. The Team Psychological Safety Scale was shown to have acceptable
levels of construct validity for the virtual student project teams.

Multilevel confirmatory factor analysis
Virtual student teams

1. Introduction

Organizational researchers have found that psychological safety is an
important component when trying to understand what makes teams
work well together (Edmondson, 1999, 2004). Psychological safety can
be described as shared trust among the team members that they will not
punish, reject, or embarrass other team members for expressing them-
selves freely or speaking up in the group (Edmondson, 1999). Much
research has been conducted on psychological safety in organizations,
and past studies have indicated that working in a team environment that
people perceive to be psychologically safe makes the team members
more inclined to take interpersonal risks. Such safety is also positively
associated with team performance (Baer & Frese, 2003; Edmondson,
1999; Fransen et al., 2011; Frazier et al., 2017) and has been shown to
facilitate positive outcomes of team conflict on performance among
teams with a high level of psychological safety (Bradley et al., 2012). In
addition to the focus on psychological safety and team performance,
researchers have also studied the effects of such safety on team learning.
High levels of psychological safety are positively associated with
learning behavior (Edmondson, 1999) and can facilitate creativity,
enable team members to speak up, and create a climate where team
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members provide feedback to each other (Edmondson, 2004).

In part accelerated by the COVID-19 pandemic, virtual teamwork has
become more widespread over the last few years. Most teams use digital
tools to some extent, but virtual teams differ from face-to-face teams in
that the members of the team only see each other on the screen and
communicate exclusively through digital tools. As a result, virtual teams
do not necessarily have access to all the same social and emotional cues
in body language as teams that meet face-to-face (Edmondson & Daley,
2020; Marra et al., 2020; Moffett et al., 2023). Research shows that
virtual collaboration brings challenges related to the social dimensions
of teamwork, through impeded social interaction (Janssen & Kirschner,
20205 Sjolie et al., 2022), more formal communication (Pérez-Mateo &
Guitert, 2012), and more misunderstandings within the team (Usher &
Barak, 2020). Studies have also shown that some aspects of remote work
hinder teams’ psychological safety (Fleischmann, 2023; Lee, 2021;
Tkalich et al., 2022). As a consequence, the psychological safety
construct might work differently in a virtual context (McLeod & Gupta,
2023), and by extension also in virtual student teams.

While the body of research on psychological safety in virtual teams is
growing, there is still a need for more studies on this important topic as
the virtual mode of collaboration continues to gain momentum. The
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development towards more virtual teamwork also holds through for
education, with increased use of team-based approaches in online
learning environments (Farnell et al., 2021; McLeod & Gupta, 2023;
Sjolie & van Petegem, 2022). There is thus a need for more research to
properly understand how psychological safety develops in student teams
who collaborate virtually. An early study by Zhang et al. (2010) on
online discussion forums at a university in Hong Kong showed that high
levels of psychological safety were positively associated with the
intention to continue sharing knowledge among virtual student teams.
In another study on engineering project teams, Gibson and Gibbs (2006)
found that innovation in a sample of was negatively affected by working
virtually but that this effect could be moderated by psychological safety.
A more recent study, by Glikson and Erez (2020), looks into psycho-
logical safety in virtual student project teams and finds that the first
relationally-oriented message sent in the team has a positive impact on
the psychologically safe communication climate, while a study on stu-
dent engineering teams by Cole et al. (2022) indicates that psychological
safety might take longer to establish in a virtual setting. In other words,
psychological safety has a considerable impact on teamwork, regardless
of whether the teams are working face-to-face or virtually.

Based on the current trend towards widespread virtual teamwork
and on extant knowledge that psychological safety is an important
variable for understanding teams, this study aims to add to the existing
literature on psychological safety by validating the construct in this new
context of virtual student project teams. The construct validity of psy-
chological safety has been studied intensively in face-to-face work teams
(Newman et al., 2017), but how the construct works in virtual student
teams remains unknown. Validation is an important part of research, as
it lets researchers investigate the extent to which the measures used in
the study measure the intended phenomenon. Validation is also central
in the process of evaluating whether study results are reliable and
generalizable to the population outside the sample included in a specific
study. Construct validation should be an ongoing process, and best
practice is to validate instruments whenever constructs are used in new
populations and contexts. The current practice in some research areas,
for instance social psychology (Flake et al., 2017; Hussey & Hughes,
2020), does not appear to be following what is generally considered best
practice with validation. Flake et al. (2017) notes that there is a lack of
ongoing validation when exiting scales are used in new contexts or
populations, and that the practice of reporting evidence of construct
validation could be increased. Validating the Team Psychological Safety
Scale in the context of virtual student teams is an essential step to enable
research on psychological safety in virtual student teams. Once the
construct is validated, researchers will then be able to look into how
psychological safety in virtual student project teams plays into a wide
array of other group phenomena such as team performance, creativity,
and learning, to name a few. The results also hold implications for
further studies on psychological safety in virtual teams more broadly.
The central research question of this study is, “What is the construct
validity evidence for the Team Psychological Safety Scale in the context
of virtual interdisciplinary student project teams?”

1.1. Psychological safety

Psychological safety is rooted in organizational research from the
1960s, where it was generally discussed as a prerequisite for feeling
secure and capable of adapting one’s behavior in the workplace when
faced with organizational changes (Schein & Bennis, 1965). Researchers
later viewed psychological safety in the context of learning as a tool to
help members of a team overcome their defensiveness or learning anx-
iety in order to focus on problem-solving and the overall goal of the work
(Edmondson & Lei, 2014).

Whereas the earlier work by Schein and Bennis focused on psycho-
logical safety as the individual perceives it (Schein, 1993; Schein &
Bennis, 1965), Edmondson later defined psychological safety as a shared
belief among team members that the team is safe in taking interpersonal
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risk (Edmondson, 1999). If a team experiences high degrees of psycho-
logical safety, then the members are more likely to feel that they can
bring up issues with their team, ask others for help, and not be afraid
that the team will use their mistakes against them (Edmondson, 1999).
Researchers continue to examine psychological safety at both the indi-
vidual and team levels, as well as within organizations. Edmondson’s
work (1999, 2004) marked the beginning of the research field of psy-
chological safety at the team level (Edmondson & Lei, 2014), and many
researchers have since used her seven-item Team Psychological Safety
Scale to study psychological safety. A meta-analytic review by Frazier
et al. (2017) concluded that future research should focus more on the
team-level. The analyses in this study will follow Edmondson’s line of
team-level research on psychological safety.

According to Edmondson (1999), psychological safety facilitates
team learning through behaviors such as sharing information, asking for
feedback, discussing differences, and posing questions. Psychological
safety has also been found to be a predictor of creative team perfor-
mance (Kessel et al., 2012), mediated by the sharing of information and
know-how. Teams that experience high levels of psychological safety are
more willing to contribute to the team with ideas and actions
(Edmondson & Lei, 2014), which might help explain why psychological
safety is widely seen as facilitating increased knowledge sharing and
positively influencing a team’s creativity and innovativeness (Newman
et al., 2017).

Researchers have also explored the relationship between psycho-
logical safety and the process of sharing ideas in teams among student
teams. A study on engineering design student teams found that psy-
chological safety was positively related to the quality of the ideas a team
developed but negatively related to the number of ideas they developed
(Cole et al., 2021), indicating that psychological safety might not in-
crease efficiency by the quantity of ideas produced but rather the
quality, thus making the team able to move forward in the process.
Another study looked into the trajectory of psychological safety in en-
gineering student teams to identify potential factors that affect both the
development of and decreases in psychological safety (Miller et al.,
2019, August 18-21). The teams in the study showed large variations in
the trajectories of their psychological safety, but concept generation and
the selection of ideas seemed to be critical points in the development of
psychological safety. The qualitative data from the same study suggested
that collaboration, respect for others’ ideas, and anticipating variations
in opinions could contribute to increased psychological safety, while
lack of communication, deficiency of focus, disrespect for others’ ideas,
and interpersonal tension were linked to a decline in psychological
safety (Miller et al., 2019, August 18-21).

The focus of the present study is on virtual student teams. Such teams
refer to groups of students who interact through various communication
technologies to accomplish their common goals (Johnson et al., 2002).
Virtual environments tend to be designed with productivity in mind,
with less emphasis on fostering social interactions (Abedin et al., 2011;
Balacheff et al., 2009), while social interaction is known to be essential
for collaborative learning (Johnson & Johnson, 2009) and important for
fostering psychological safety. The number of studies on psychological
safety in virtuals tudent teams has grown since the covid pandemic, but
there is still not a large body of research with this focus. Gibson and
Gibbs’s (2006) early study on virtual teams showed a negative effect of
working virtually on team innovation, but also noted that this could be
moderated by psychological safety. A recent study by Moffett et al.
(2023) on medical students working on an online design thinking
project also finds the online environment to pose some barriers for
teamwork, but as Gibson and Gibbs (2006), they conclude that psy-
chological safety can mitigate some of this by putting in enough time
and effort to nurture psychological safety. They suggest the use of
break-out rooms and setting guidelines for the teamwork as promising
tools to foster psychological safety. Interventions such as icebreakers
and providing opportunities to engage in informal social interactions is
supported by findings from both Moffett et al. (2023) and Cole et al.
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(2022). Additionally, team performance in virtual teams seems to be
positively affected by psychological safety, especially in teams with an
abundance of national diversity (Kirkman et al., 2013). Zhang et al.
(2010) showed that high levels of psychological safety had a positive
relationship with team members’ intention to continue sharing knowl-
edge in virtual student groups, and research by Fleischmann et al.
(2023) finds continued support for the relationship between antecedents
such as interpersonal relationships, team dynamics and peer support on
psychological safety in their sample of virtual student teams.

1.2. Validity

In general, team psychological safety is measured at the individual
level, but the construct itself resides at the team level (Fig. 1). The in-
dividuals in the team answer the questions presented in the scale, but
their answers point to their perception of the team as a whole and the
climate that exists within the team. Psychological safety thus is an
emergent multilevel construct, one where a higher-level phenomenon
emerges from interactions that take place at a lower level (Jebb et al.,
2017).

For a measure to accurately capture a construct, the construct should
behave similarly at the individual and team levels, although the inter-
pretation of the construct can differ according to the level of measure-
ment and the level of aggregation (Forer & Zumbo, 2011). When more
than one level of analysis is at play, multilevel validation techniques are
necessary (Forer & Zumbo, 2011; Jebb et al., 2017).

The validation process in this study follows the multilevel validation
framework presented by Chen et al. (2005), with a few additional ap-
proaches, as summarized by Jebb et al. (2017). Chen et al. (2005)
distinguished five steps in their framework: construct definition, artic-
ulation of the nature of the aggregate construct, psychometric properties
of the construct across levels of analysis, construct variability between
units, and construct function across levels of analysis. The additional
approaches for multilevel construct validation, as described by Jebb
et al. (2017), are score similarity (reliability and agreement), psycho-
metric isomorphism, and nomological network. In the following sec-
tions, we will briefly describe the different steps and apply them for the
validation of Team Psychological Safety.

Step 1: Construct definition. The first step includes focusing on
what the essence of the construct is, notably what is included and
what is excluded. The principles of construct definition are the same
for measures at the individual-level and multilevel constructs (Jebb
et al., 2017). Within construct definition, researchers examine the
theoretical underpinnings of the measure, conduct literature re-
views, and interpret the concept to identify the depth and breadth of
the construct they aim to study. For quantitative researchers looking
to develop a measurement instrument, this phase also includes item
development (Loevinger, 1957).

Researchers have already defined and differentiated psychological
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safety from similar concepts, such as group cohesion and trust (Bradley
etal., 2012; Edmondson, 2004). Edmondson (1999) developed the Team
Psychological Safety Scale in the context of work teams in a
manufacturing company. As is generally considered good practice, later
research tested the validity of the measure in other contexts as well. In
their systematic review, for example, Newman et al. (2017) found the
measure to be reliable across diverse samples; researchers have also
validated the measure among different samples, including Brazilian
workers (Ramalho & Porto, 2021), student engineering design teams
(Miller et al., 2019, August 18-21), and health-care teams (Kessel et al.,
2012).

Step 2: Articulation of the nature of the aggregate construct. The
second step is to articulate the nature of the aggregate construct and
specify a composition model for the construct. A composition model
specifies the functional relationship within a phenomenon or
construct at the different levels of analysis and is determined by the
theoretical nature of the construct (Jebb et al., 2017). A phenomenon
can be aggregated, or it can emerge from lower-level interactions (e.
g., at the individual level), in different ways to become a higher-level
phenomenon, for example at the group level (Jebb et al., 2017).
Different composition models hold different assumptions about how
this process takes place.

Chan (1998) describes five different composition models: additive
models, direct consensus models, reference-shift consensus models,
dispersion models, and process models. In an additive model, the
higher-level unit is a summation of the lower-level units. In this type of
composition model, consensus among the lower-level units is not
required (Chan, 1998). In a direct consensus model, the meaning of the
higher-level construct is found in the consensus among the lower-level
units, and the measurement items reference the lower level only
(Chan, 1998; Jebb et al., 2017). For the reference-shift composition
model, researchers assume that the individuals in the group can perceive
a shared “global property” (Jebb et al., 2017). In this type of composi-
tion model, researchers not only are interested in individuals’ own
perception of the construct, but also in how they believe others in the
group perceive the construct (Chan, 1998). In dispersion models, the
construct emerges as the variability of within-group units and may be
operationalized as either the group standard deviation (SD) or as the
variance of range (Chan, 1998). Process models are often used to
describe the process in which an organization or unit moves from lack of
within-group agreement to a state of high within-group agreement
(Chan, 1998; Jebb et al., 2017).

Psychological safety is a team-level construct that emerges from in-
dividuals’ own perception of the team, as well as their beliefs about how
the other team members view the level of psychological safety. One
could say that a certain level of psychological safety is present in the
team that the individuals in the team can feel and perceive. The indi-
vidual scores are aggregated to become a team score by averaging the
responses for all the individuals in the team for each item in the

Fig. 1. Individual-level model (measurement level) and team-level model (construct level) of the Team Psychological Safety Scale.
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psychological safety measure. This approach means that the composi-
tion model that best describes the relationships among the lower and
higher levels of analysis of psychological safety is a reference-shift
composition model. See Chan [1998] and Jebb et al. [2017] for a
more in-depth review of the different composition models.

Step 3: Psychometric properties of the construct across levels of
analysis. The third step in Chen et al.’s (2005) framework is to test
the construct’s psychometric properties across levels of analysis. The
construct’s composition models determine what type of empirical
validation strategy is required, and referent-shift models require that
researchers look into all the additional approaches of score similar-
ity, psychometric isomorphism, and nomological network both with
and without homology (as described by Jebb et al. [2017]), in order
to meet the criteria for construct validity.

Score reliability. Two kinds of reliability should be investigated for
multilevel analysis. The first is psychometric reliability, the classic
reliability that expresses the internal consistency and repeatability of the
scores. This type is tested with Cronbach’s alpha and McDonald’s
omega. Alpha is computed with the inter-item covariance within a scale,
the variance of the scale score, and the number of items included in the
scale (Geldhof et al., 2014). McDonald’s omega represents the ratio of a
scale’s estimated true score variance, relative to the scale’s total vari-
ance, and is in that way conceptually similar to Cronbach’s alpha. In
contrast to Cronbach’s alpha, the omega coefficient also acknowledges
the possibility that the items in the scale could have heterogenous
item-construct relations, whereas Cronbach’s alpha which assumes that
all items have the same factor loading, i.e., the same importance to es-
timate the construct. The conventional cut-off level of both Cronbach’s
alpha and McDonald’s omega is 0.7 (Geldhof et al., 2014).

The second approach to multilevel reliability analysis is aggregate
reliability. This step is important when dealing with a referent-shift
composition model, as the scores within the groups must be similar
enough to justify aggregating the scores from the individual level to say
something about the group level (Jebb et al., 2017). Aggregate reli-
ability is tested with inter-rater agreement (IRA) and inter-rater reli-
ability (IRR). IRA is used to demonstrate the similarity of within-group
responses to check if the assumption of the reference-shift composition
model is justified, namely that the data from the individuals in each
group are similar enough to justify aggregating the data to the group
level (Jebb et al., 2017). IRR is used in multilevel measurement to
provide an estimate of the reliability of the higher-level construct, and to
demonstrate the degree of similarity within groups to justify aggregation
(Jebb et al., 2017). Inter-rater agreement and reliability can be esti-
mated with intra-class correlation coefficients (ICCs), called ICC(;y and
ICC(2). These coefficients are well suited for multilevel analysis because
the tests presume that the lower-level units (e.g., individual scores) are
nested within higher-level units, such as groups (Jebb et al., 2017).
ICC(y) can be interpreted as the proportion of the total variance that can
be attributed to the fact that the lower-level units are nested within
higher-level units (in this case, the individual scores and the student
teams, respectively). ICC(2), in contrast, is a reliability estimate used to
show that the group means can be seen as reliable indicators of the
higher-level construct (Jebb et al., 2017), which in the present study
means the teams’ overall level of psychological safety.

Factorial validity and psychometric isomorphism. After establishing
the construct’s reliability, examining the factorial validity is the next
step. Looking at the factor structure is an important part of multilevel
construct validation when higher-level measures are made up of mul-
tiple items (Jebb et al., 2017). The factor structure describes the rela-
tionship between the items used to measure the construct and the latent
variable(s) and is the most important aspect of factorial validity.

Two types of factor analysis may be distinguished: exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA). While EFA is
commonly used to discover the factor structure of a measure, CFA is used
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to assess a defined measurement model of a construct (Brown & Moore,
2012) by testing the hypothesis that the items (such as responses to
survey questions) are associated with specific factors (Byrne, 2011).

As opposed to the conventional single-level analysis of factor struc-
ture, psychometric isomorphism is the best approach when testing the
factorial validity of a multilevel construct. Researchers use psychometric
isomorphism when they need to demonstrate that a factor structure is
consistent across levels (Jebb et al., 2017). With a reference-shift
composition model, such as with psychological safety, the meaning of
the scores at the lower level must be sufficiently maintained at the
higher level. Researchers can check if this is the case by looking into
whether the factor structure is preserved across levels (Jebb et al.,
2017).

Psychometric isomorphism may be tested in various ways, using
either separate estimation or simultaneous estimation (Jebb et al.,
2017). Using separate estimation, researchers estimate the factor
structures at the different levels separately, then make one independent
model with the raw individual data and another with the aggregated
group-level data (Jebb et al., 2017). Separate estimation is generally not
recommended, due to concerns that doing so can lead to biased
parameter estimates and incorrect standard errors (see Muthén, 1994).
Simultaneous estimation, in contrast, takes the nested structure of the
data into account.

Confirmatory factor analysis. In this study, CFA is used to analyze
whether the data collected among virtual student project teams fit the
predefined factor structure of the Team Psychological Safety Scale on
both the individual and team levels. The fit of a CFA model can be
assessed at different levels: the overall model, the equation, and the
parameter level (factor loadings). The suggested model fit criteria are as
follows: y2, comparative fit index (CFI) and Tucker-Lewis index (TLI) of
0.90 or above, root mean square error of approximation (RMSEA) be-
tween 0.05 and 0.10, and a standardized root mean square residual
(SRMR) value of 0.08 or lower (Bentler, 1990; Byrne, 2011; Hu &
Bentler, 1999). The x? fit criteria is used to compare the observed sample
data with the expected data and check whether the difference is stati-
cally significant, while the CFI is used to examine the discrepancy be-
tween the sample data and the hypothesized model (Hu & Bentler,
1999). CFI also adjusts for issues relating to the sample size, which the x>
does not. TLI is a relative fit index that is used to analyze the discrepancy
between the values of x?of the hypothesized model and the null model,
and the RMSEA test calculates the fit of the model compared to the
population’s covariance matrix (Byrne, 2013). SRMR calculates the
standardized difference between observed and predicted correlation (Hu
& Bentler, 1999).

Multilevel confirmatory factor analysis. Multilevel confirmatory
factor analysis (MCFA) is an extension of CFA that can be used to analyze
the individual level and the group level simultaneously. Kyriazos (2019)
summarizes three steps necessary to incorporate the multilevel approach
into MCFA.

The first step is to examine the ICCs of the items to check how much
of the variance in the items is explained by the individuals’ group
membership: the higher the ICC score, the more of the score variance is
attributed to the grouping variable. The ICC values of the observed
variables calculated at this stage of the analysis should be above 0.10 in
order to justify adding the nested structure of the data into the model.

The second step is to analyze the data of the model’s lower level. A
standard CFA is used for this step, and the fit of the model is determined
with conventional goodness-of-fit criteria. If the fit of the CFA model of
the data at the individual level is deemed to be satisfactory, then the
analysis can proceed to the next step.

The third and final step is to test the factor structure of both the
individual and group levels simultaneously (Kyriazos, 2019). The
goodness-of-fit indices of this multilevel CFA show the extent to which
the specified model fits both the within-group model data and the
between-group model (Fig. 2). One factor to note is that the usual
goodness-of-fit indices should be interpreted less strictly for the group
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Fig. 2. Within-group and between-group levels of the Team Psychological Safety scale.

Note: Circles indicate latent variables, and squares indicate observable variables. The “within” level represents the variation within the individuals at the lower level
of the multilevel model. The “between” level of the model represents the groups at the higher level of the multilevel model. The seven items in the scale are pictured
as observable variables at the “within” level, as they represent the direct responses from the individuals. At the group level, the items are no longer directly

observable, as they are a function of the answers from multiple group members.

level of the MCFA, as such indices are less sensitive to misspecifications
at the group level of the model than they are at the individual level (Dyer
et al., 2005; Maas & Hox, 2005).

Step 4: Construct variability between units. As previously
mentioned, in order to aggregate the data to a higher level for con-
structs with a reference-shift or consensus model, it is necessary that
the members within a group to some extent have a shared perception
of the phenomenon being studied. Researchers should also investi-
gate the variability between units, or between groups. To some
extent, distinguishing the groups from one another should be
possible if the construct captures something unique relevant to each
group’s perception of themselves.

Researchers do, however, continue to debate whether variability is
strictly necessary if agreement exists within the units (Fischer, 2015). If
all individuals in all the groups included in the sample experience high
levels of psychological safety, then agreement will exist within units, but
the variability will be scant between the units. With no variability be-
tween groups, identifying group effects in multilevel models becomes
difficult (Fischer, 2015). If the groups under consideration all come from
the same organization, for example, then the lack of variability could be
caused by organization-level effects.

Step 5: Construct function across levels of analysis. In this step of
the validation process, the construct is investigated in light of similar
and differing constructs and their associated antecedents and out-
comes. Cronbach and Meehl (1955) introduced the concept of
nomological networks as a representation of the theoretical construct
(or constructs) and framework of a study, the empirical framework
for how it is to be measured, and the relationship between the
construct and the empirically observable manifestations of the
construct and other constructs. Nomological validity evidence de-
scribes the extent to which a specific construct behaves as hypoth-
esized within a system of related constructs (Jebb et al., 2017). The
latter step is beyond the scope of this study and thus will not be
discussed in this paper.

2. Methods
2.1. Context

The data of this study were drawn from fourth-year university stu-
dents who participated in a master’s course called “Experts in Team-
work” at the Norwegian University of Science and Technology (NTNU).
In this project-based course, students are organized into classes of about
30 students in each, and then into interdisciplinary teams of four to six
students. The students come from different faculties, including infor-
mation technology, engineering, natural sciences, health sciences, eco-
nomics, social sciences and architecture and design. The focus of the
course is for the students to develop interdisciplinary teamwork skills
while working together on a self-defined, real-world project throughout
the semester. No specific guidelines are provided regarding how to
distribute team roles and tasks. While all classes focus on interdisci-
plinary teamwork skills, each class has its own overarching project topic.
Some examples of such class-topics include “Creating value from waste”,
“Digital communities and welfare”, “Smart energy management” and
“Ocean justice”. Based on the class-topic, the student groups chose
themselves the specific question or problem they want to address in their
project. The students can choose to enroll in a class with on-campus
collaboration or participate in a class where all teamwork takes place
virtually. These virtual classes have students from three different
campus cities in Norway. The students can also choose whether to sign
up for a semester-based version, where they meet their team once a week
for a whole semester, or an accelerated version of the course, where they
meet every day for three consecutive weeks. The course is taught in both
Norwegian and English and includes both Norwegian and non-
Norwegian exchange students.

2.2. Research design

The Team Psychological Safety Scale was administered as part of a
larger survey that involved additional measures. All students enrolled
were invited to fill out a survey at three time points during the course:
the beginning (T1), middle (T2), and end (T3). The psychological safety
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measure was included as a part of the survey at T1 and T3. This study’s
analysis is based on the data from T3. The first couple of days of the
course are usually filled with information and lectures on the class-topic,
and the students are not allocated much time in their teams before day 2
or 3. The survey at T1 is usually on day 2 or 3, so not all teams had been
able to interact sufficiently with each other at T1 to measure psycho-
logical safety at this point.

The study was approved by the Data Protection Office for Research at
the Norwegian Centre for Research Data, or NSD (#749025). The par-
ticipants were asked to complete an informed consent form before
participating in this study and could withdraw at any time. The data
used in this study were fully anonymized prior to the analyses.

2.3. Sample

The sample for this study consisted of 344 (out of 380) students who
took part in the virtual semester-based version of the course. The sample
included data from 70 different student teams. The average number of
participants in a student team was 5.37 (SD = 0.66). The gender dis-
tribution of the participants was 215 (59.6%) men, 126 (34.9%) women,
and 6 (1.7%) other/preferred not to say; 14 (3.9%) subjects did not
answer the question. The grade point average (GPA) of the students was
2.21 (SD = 0.70), which corresponds to a letter grade between C and B.

2.4. Measure

The Team Psychological Safety Scale used in this study was devel-
oped by Edmonson (1999) and consists of seven items. All items were
answered on a five-point Likert scale (1: totally disagree, 2: disagree, 3:
neither disagree nor agree, 4: agree, 5: totally agree). The items were
translated from English to Norwegian by one translator and then back-
translated to English by another translator. The back translation was
then compared with the original items to evaluate whether they had
retained their original meaning throughout the translation process. See
Appendix A for the English and Norwegian items. Roughly two-thirds
(64.3%) of the students answered the English version of the survey,
while 35.7% answered the Norwegian version.

2.5. Data analysis

Data from the 344 students who participated in the virtual version of
the course were extracted from the survey database and saved as a
separate data file. The reversed survey items were recoded, and group
averages for the 70 student teams were then calculated. From a theo-
retical stance, psychological safety is situated at the group-level. This
makes averaging at the team level a suitable choice for aggregation.
While weighted averaging could have been considered, the lack of
criteria and data to assign weights to individual responses rendered it
less feasible in our context. Similarly, while a consensus method within
the group could have been explored, unfortunately, such data were not
available. Additionally, a multilevel approach might have been viable
given larger sample sizes at the lowest level; however, the small size of
our student teams precluded us from obtaining sufficiently stable esti-
mates through this method. Teams with only one respondent were
removed from the dataset, which led to the removal of two teams,
resulting in a total of 68 observations (student teams) in the dataset used
for the analyses.

Descriptive statistics (mean, SD, skewness, and kurtosis) were
calculated for each item in the measure, for both the individual and
group levels (see Tables 1 and 2). The analysis was run using SPSS
Statistics version 28.0.1.0 (142). Cronbach’s alpha and McDonald’s
omega were calculated in SPSS for the single-level CFA to test the reli-
ability of the psychological safety measure. For the multilevel CFA,
McDonalds’s o was calculated manually in Excel using the MPlus output
from the multilevel analysis. The calculations followed the equations
presented in Geldhof et al. (2013). The intra-class correlation
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Table 1

Descriptive statistics for Team Psychological Safety items, individual level.
Item N Mean SD Skewness Kurtosis
01 344 4.52 0.76 —1.848 3.772
02 344 4.09 0.81 —1.009 1.574
03 342 4.71 0.68 —2.858 9.034
04 343 4.21 0.80 —0.984 1.364
05 343 4.52 0.84 —2.272 5.752
06 344 4.36 1.10 —1.948 2.946
07 342 4.24 0.77 -1.133 2.135

Note: SD = Standard deviation.

Table 2

Descriptive statistics for Team Psychological Safety items, team level.
Item N Mean SD Skewness Kurtosis
01 68 4.594 0.350 —-1.227 1.647
02 68 4.100 0.457 —0.505 —0.095
03 68 4.765 0.307 —2.050 3.949
04 68 4.202 0.445 —-0.279 —0.209
05 68 4.591 0.367 —1.564 4.109
06 68 4.345 0.591 —0.649 —0.718
07 68 4.249 0.428 —0.934 1.029

Note: SD = Standard deviation.

coefficients ICC(1) and ICC(2) were also calculated.

A single-level CFA was conducted, using MPlus 8, to test the struc-
tural validity of the measure at the lower level of the construct. Psy-
chological safety was defined as the latent variable, and the seven scale
items were added to the model as observed variables (Fig. 2), using
robust maximum likelihood as the estimation method, given the non-
normal distribution of the items. The suggested model fit criteria were
as follows: CFI and TLI of 0.90 or above, RMSEA between 0.05 and 0.10,
and SRMR values of 0.08 or lower (Bentler, 1990; Byrne, 2011; Hu &
Bentler, 1999).

MCFA was then conducted to test the structural validity of the full
model. In MCFA, the total covariance matrix is parted into two com-
ponents (the “within” and “between” groups) in order to test whether
the factor structure remains constant across both the individual and
team levels. The multilevel model was specified so that the individual
scores were nested according to the team variable (Fig. 2). Here, too,
robust maximum likelihood was used as the estimation method.

Multiple goodness-of-fit indices were used to evaluate the models.
The suggested model fit criteria were similar to those for the single-level
CFA, acknowledging that the criteria should be interpreted in a less strict
way at the group level of the MCFA (Dyer et al., 2005; Maas & Hox,
2005).

3. Results
3.1. Descriptive statistics

For the data on the individual level, the skewness statistics ranged
from —2.86 to —0.98, while kurtosis values were between 1.36 and 9.04
(Table 1). The skewness statistics for the team level ranged from —2.050
to —0.505, and the kurtosis values were between —0.718 and 4.109
(Table 2). These findings indicate that the data are not normally
distributed, and that the robust maximum likelihood estimation method
should be used in the factor analysis.

3.2. Reliability

The ICC(y) values for the items of the psychological safety construct
were between 0.074 and 0.149, with an average ICC(jy of 0.107 (see
Table 3). The ICC(y) value for the mean psychological safety score of the
participants was 0.182. The ICC(2) value was estimated to be 0.688. The
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Table 3
Intra-class correlation coefficients (ICCs) of the items in the Team Psychological
Safety Scale.

Item ICC

01: If you make a mistake on this team, it is often held against you. 0.109
02: Members of this team are able to bring up problems and tough issues. 0.149
03: People on this team sometimes reject others for being different. 0.063
04: It is safe to take a risk on this team. 0.115
05: It is difficult to ask other members of this team for help. 0.074
06: No one on this team would deliberately act in a way that underminesmy  0.099

efforts.
07: Working with members of this team, my unique skills and talents are 0.143

valued and utilized.

way ICC(y) is calculated in SPSS is not fully adaptable to multilevel data
with varying numbers of “raters” (in this case, team members) for each
case that has been rated (here: the team). Mean imputation was used to
ensure that data from all 68 teams were included in the ICC(y) estimate.

For the single-level CFA, Cronbach’s a was 0.726 and McDonalds’s ®
was 0.724, both values above the conventional level of 0.7. These values
were calculated in SPSS. For the multilevel CFA, McDonald’s o was
0.695 for the within-group level, and 0.936 for the between-group level
(Table 4).

3.3. Single-level CFA model estimates

Review of the goodness-of-fit statistics (Table 4) showed a good fit
for the single-level CFA. The chi-square value for the model was x? (14)
= 29.824, at p = 0.008. The CFI value was 0.938 and the TLI value was
0.907, indicating an acceptable level. The RMSEA value was 0.057, and
the SRMR value was 0.039, both of which were below their respective
recommended threshold values of RMSEA (<0.08) and SRMR (<0.10).
The factor loadings for the items in the single-level CFA model were
between 0.356 and 0.623, with an average standardized factor loading
of 0.544, which indicates a moderately good fit (Table 5).

3.4. Multilevel CFA model estimates

The results of the MCFA for the chi-square values were as follows: 3>
(28) = 53.322, at p = 0.002 (Table 4), CFI = 0.930 and TLI = 0.895,
RMSEA = 0.051 (<0.08). The SRMR value for the “within” part of the
multilevel model was 0.044 and for the “between” part was 0.147. The
standardized factor loadings for the items in the “within” part of the
model were between 0.310 and 0.681, with an average factor loading of
0.516. The standardized factor loadings of the between-group level were
between 0.354 and 1.006, with an average factor loading of 0.768,
indicating a good fit (Table 5).

4. Discussion

The aim of this study was to investigate the construct validity of the
Team Psychological Safety Scale in the context of virtual student project

Table 4
Single-level and multilevel CFA model fit indexes.

Omega x? df  CFI TLI RMSEA  SRMR
Single-level ~ 0.724 20.824 14 0938 0.907 0.057 0.039
CFA
Multilevel W= 53.322 28 0.930 0.895 0.051 W=
CFA 0.695 0.044
B= B=
0.936 0.147

Note: y? = chi squared; df = degrees of freedom; CFI = comparative fit index; TLI
= Tucker-Lewis index; RMSEA = root mean square error of approximation;
SRMR = standardized root mean square residual; W = within; B = between; x>
was statistically significant at p < 0.05 for both levels.
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Table 5
Factor loadings of the items in the Team Psychological Safety Scale.

Item Single- Multilevel CFA
level CFA
Within ~ Between

01: If you make a mistake on this team, it is 0.487 0.505 0.544
often held against you.

02: Members of this team are able to bringup  0.610 0.546 0.870
problems and tough issues.

03: People on this team sometimes reject 0.597 0.681 0.354
others for being different.

04: It is safe to take a risk on this team. 0.623 0.562 0.955

05: It is difficult to ask other members of this 0.518 0.480 0.948
team for help.

06: No one on this team would deliberately act ~ 0.356 0.310 0.698
in a way that undermines my efforts.

07: Working with members of this team, my 0.618 0.525 1.006
unique skills and talents are valued and
utilized.

teams. We did this by calculating reliability estimates and performing
single-level and multilevel CFA. Goodness-of-fit statistics were obtained
for both models. The results demonstrated that the models had adequate
reliability and goodness of fit, which suggests that the Team Psycho-
logical Safety Scale can be used to measure psychological safety in vir-
tual student project teams.

The aggregate reliability of the team level of psychological safety
was assessed by calculating intra-class correlation coefficients (ICCs),
which are used to estimate the proportion of the variance that can be
attributed to the hierarchical structure of the data. The ICC(y) is used to
asses the portion of the total variance that can be attributed to the
nesting of lower-level units (i.e. individual scores) within higher level
units (i.e. team scores), and should be above the threshold value of 0.10
(Kyriazos, 2019).

The ICC(yy values of the seven items used to measure Team Psycho-
logical Safety were on average above the suggested level of 0.10. Two of
the items had ICC(y) values below 0.10 (item 03 = 0.063, and item 05 =
0.074). These ICC(;) values were below the suggested threshold value of
0.10, but as Hox (2013) notes, values between 0.05 and 0.10 can also
indicate a clustering effect in the data, thus warranting the use of
multilevel analysis. The ICC(;y value for the mean psychological safety
score at the individual level was 0.182, well above the threshold value of
0.10. These reliability estimates indicate that a substantial portion of the
overall variance in the scores may be attributed to the team level in the
sample. This finding further means that the data showed sufficient
between-group variation to be able to statistically warrant the use of a
multilevel analysis of psychological safety in virtual student project
teams.

The ICC() value, a reliability estimate used to check if the group
mean can be considered a reliable indicator of the higher-level construct
(Psychological Safety) was estimated to be 0.688, which is above the
threshold level of 0.40 (Fleiss, 1986). This level indicates sufficient
reliability of the group means.

4.1. Single-level CFA estimates

The psychometric reliability estimates for the single-level CFA were
both above the suggested threshold level of 0.700, with Cronbach’s a =
0.726 and McDonalds’s ® = 0.724. The chi-square of the model was y?
(14) = 29.824, p = 0.008. The goodness-of-fit indices (CFI, TLI, RMSEA,
and SRMR) all had values indicating that the model had an acceptable
level of fit (Table 4).

All items but two had factor loadings above 0.5. Neither item 01, “If
you make a mistake on this team, it is often held against you™ (0.487), or
item 06, “No one on this team would deliberately act in a way that
undermines my efforts” (0.356), explained as much of the variance of
the latent variable of psychological safety as the other items in the
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model. Some have argued that items with a factor loading of less than
0.4 should be dropped (Guadagnoli & Velicer, 1988). But with a rela-
tively low sample size and a strong theoretical basis for keeping the
lower-scoring item, the lower score of item 06 is not sufficient to
recommend deletion. Overall, the average standardized factor loading
was 0.544, which indicates that the factor structure of the model has a
moderate to good fit.

Taken together, the reliability estimates, the goodness-of fit indices,
and the factor loadings suggest that the single-level CFA model has
adequate structural validity. The single-level CFA, however, is based on
the total variance and does not take the hierarchical structure of the data
into account. While these results give an indication that continued
analysis of team psychological safety in virtual student project teams
with a multilevel CFA is worthwhile, the single-level CFA estimates
cannot on their own be used to evaluate the construct validity of the
measure.

4.2. Multilevel CFA estimates

For the multilevel model, McDonald’s omega was just below 0.700
for the within-group level, and well above this threshold number (0.936)
for the between level. These reliability estimates indicate that the reli-
ability is higher for the between-group level of the model than it is for
the within-group level. The fact that the reliability estimates are higher
for the between-group level is in line with the theoretical model of Team
Psychological Safety as a team-level construct.

The estimates of the goodness-of-fit indices CFI and RMSEA indi-
cated that the MCFA model had an acceptable level of fit (Table 4). The
multilevel CFA model showed a value for Xz (28) =53.322, atp = 0.002.
The TLI value was slightly below 0.90 (0.895), which could indicate
room for improvement in the model. The SRMR value was within
satisfactory levels in the “within” part of the model at 0.440, but the
value for the “between” part of the model was 0.147, which is above the
recommended threshold of 0.08. Goodness-of-fit indices, however,
should not be interpreted as strictly for multilevel models as for single-
level models. These indices are more sensitive to misspecification of
multilevel models, and a common practice for cutoff levels for multilevel
CFA models has yet to be established (Dyer et al., 2005; Kyriazos, 2019;
Maas & Hox, 2005). Because the TLI value was just below the suggested
threshold, it should be considered adequate for the multilevel model.

The factor loadings of the multilevel CFA model indicated a mod-
erate to good fit at the “within” level, with an average standardized
factor loading of 0.516, and a good fit at the “between” level, with an
average standardized factor loading of 0.768. At each respective level,
one of the items had a lower factor loading. For the “within” level this
was item 06 (0.310), “No one on this team would deliberately act in a
way that undermines my efforts,” the same item that showed the lowest
factor loading in the single-level CFA model. At the “between” level,
item 03 explained the least amount of variance (0.354): “People on this
team sometimes reject others for being different.” This finding is in line
with the observed covariation at the team level, since item 03 had the
lowest ICC value (0.063) of all the items. One possibility is that item 03
was less strongly connected to team-level perception of psychological
safety than the individual level. The question could also effectively be
measuring something other than psychological safety when applied to a
team level for virtual student teams.

4.3. Comparison of single-level CFA and multilevel CFA estimates

Both the single-level CFA and the MCFA model showed adequate
levels of psychometric reliability. The McDonald’s omega value was
lowest for the within-group level of the MCFA and highest for the
between-group level. The single-level CFA model had a high enough
McDonald’s omega value to indicate sufficient reliability, but it was
lower than the between-group level of the MCFA. This finding supports
the notion that psychological safety was a team construct in the virtual
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student project team sample used in this study.

The goodness-of-fit indices indicate a reasonable fit for both the
single-level and the multilevel model. Although the goodness-of-fit
indices were slightly lower for the multilevel CFA model than the
single-level CFA model, the factor loadings had larger values in the
“between” level of the multilevel model when compared to both the
MCFA “within” level and the single-level CFA. Standardized factor
loadings were consistently higher in the between-group level for six out
of seven items, with an average factor loading of 0.768, as compared to
both the within-groups level of the MCFA, with an average of 0.516, and
the single-level CFA, with an average of 0.544. The higher factor load-
ings at the between-group level indicate that the multilevel model of
psychological safety had a superior fit at this level in comparison with
the within-group level. These results lend support to the use of multi-
level analysis, and that Team Psychological Safety is a team-level
construct.

A comparison of the single-level CFA and the “within” level of the
multilevel model showed that the single-level CFA factor loadings were
higher than those of the “within” level of the multilevel CFA. This
finding likely resulted because the single-level CFA does not factor into
the nesting of the data, as is the case for MCFA. The “group effect” of
psychological safety is still present and affects the item responses at the
individual level in the single-level CFA. To determine what the model fit
indices would be for a model that contained only the variance of the
individuals, and not the variance stemming from belonging to a team,
one possibility would be to perform a separate factor analysis on the
sample within-group covariance matrix. Based on this result, the good-
ness of fit of the factor structure could then be separately estimated at
the within-group level. The same could be done with the between-group
covariance matrix prior to running the multilevel CFA. The model fit
indices from these analyses could then be compared to the MCFA
estimates.

The difference between a single-level CFA and a factor analysis based
on the sample within-group covariance matrix is that for the latter, the
data are adjusted to remove between-group differences, which may be
done by subtracting the relevant team means from the individual scores
(Dyer et al., 2005). If the construct-relevant variance predominantly lies
at the between-group level, then the model estimated using the
within-group covariance would show a worse fit than the single-level
CFA based on the total variance. These extra analyses will provide
additional information about whether a team-level factor structure
would be appropriate for the data. This approach is different from
separate estimation—the method that Jebb et al. (2017) advised
against—as the data are not only investigated separately at the two
levels without accounting for the hierarchical structure, but each level is
also investigated based on the sample within-group and between-group
covariance matrix prior to running a simultaneous model.

4.4. Comparison of the results to those of other multilevel studies

Although comparing the goodness of fit of the models in this study
with other validation studies of psychological safety could be useful,
most researchers have either conducted the analysis in a different
manner or adjusted the Team Psychological Safety Scale in some way.
For example, Ramalho and Porto (2021) validated a psychological safety
measure in the context of female Brazilian workers (N = 8310). They
used an adapted version of Edmondson’s Team Psychological Safety
Scale with six items, translated into Portuguese. They first investigated
the factor structure with principal component analysis and an explor-
atory factor analysis, and subsequently with CFA. The factor loadings in
their one-factor single-level CFA model were higher than in this study, as
they were all above 0.6 (ranging from 0.668 to 0.815), and their fit
indices were better (CFI = 0.995, TLI = 0.992, RMSEA = 0.07, Xz 9) =
205,273). Their study left out the question of group-level analysis of the
construct, however, whereas our findings indicate that the measure
seems to work well.
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To the best of our knowledge, no studies to date have applied MCFA
with the Team Psychological Safety construct. Whitton and Fletcher
(2014) conducted a multilevel CFA on the Group Environment Ques-
tionnaire, a measure of group cohesion. They concluded that the results
provided support for the multilevel structure of the measure based on
“low but acceptable fit statistics,” with CFI estimates between 0.810 and
0.850 and RMSEA estimates between 0.080 and 0.110. These estimates
are generally lower than those obtained in our analysis, indicating that
when we used their benchmarks, the models in the present study had
acceptable levels of fit as well.

4.5. Limitations and suggestions for further research

A few limitations should be considered when interpreting the find-
ings of this study. The sample size was about 350 students, divided into
68 teams. The sample ideally should have been larger to enable us to run
both an EFA and a CFA on half the sample. The virtual student project
teams also came from different classes. A future analysis could account
for this third level of clustering and investigate the extent to which
teachers affect a teams’ level of psychological safety.

In a next phase of the validation of the instrument it would be
desirable to use a measurement invariance approach to verify to what
extent the instrument behaves stable across groups, e.g., for English
versus Norwegian version. Measurement invariance is “a property of a
measurement instrument, implying that the instrument measures the
same concept in the same way across various subgroups of respondents”
(Davidov et al., 2014).

Another limitation is that the current study only used data from one
time point, which was during the move to online work during the covid
pandemic. One suggestion for further research could be to compare the
development of psychological safety in pre- and post-pandemic samples
to how new ways of doing virtual collaboration might affect this process.

Furter research should measure psychological safety at multiple time
points and compare the results and look at different demographics. The
students in the sample used in this paper worked on a broad project with
minimal structure, and it would be interesting to see how the type of
project can influence the development of psychological safety.

Another potential topic to examine is the development process of
psychological safety levels in teams that have only ever worked virtu-
ally, and teams that have had an in-person “get to know each other”
period prior to working virtually. More research on psychological safety
in virtual student project teams could lead to expanded knowledge about
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what educators could do to help students foster psychologically safe
teams. Furthermore, it would be interesting to examine differences be-
tween virtual student teams and team of working professionals when the
Team Psychological Safety Scale is validated in the context of virtual
student teams.

5. Conclusion

Psychological safety has become an important construct in research
into how teams can work well together. Because virtual teamwork has
become more common in both working life and education, it is necessary
to examine the validity evidence of the construct in this new setting to
enable further research on psychological safety in virtual teams. This
study investigated the construct validity of the Team Psychological
Safety Scale in the context of virtual student project teams.

The aggregate reliability estimates indicated that the aggregation of
data from the lower level (individuals) to the higher level (teams) was
justified. The goodness-of-fit indices also indicated an adequate model
fit for both the single-level and multilevel confirmatory factor analysis,
confirming that the one-factor structure of psychological safety also
applies for the sample of virtual student teams. As for now, this result
means that we can use the Team Psychological Safety Scale to continue
to research psychological safety in virtual project teams.
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Appendix A. The Team Psychological Safety Scale (Edmondson, 1999)

Survey item  Survey items in English Survey items in Norwegian

01 If you make a mistake on this team, it is often held against you. (Reversed) Hvis du gj¢r en feil i dette teamet, blir det ofte brukt mot deg.

02 Members of this team are able to bring up problems and tough issues. Medlemmene i dette teamet evner & ta opp problemer og vanskelige tema.

03 People on this team sometimes reject others for being different. (Reversed) Personene i dette teamet avviser av og til andre fordi de er annerledes.

04 It is safe to take a risk on this team. Det er trygt & ta sjanser i dette teamet.

05 It is difficult to ask other members of this team for help. (Reversed) Det er vanskelig & spgrre andre i teamet om hjelp.

06 No one on this team would deliberately act in a way that undermines my efforts. Ingen i teamet ville med hensikt undergrave mine bidrag.

07 Working with members of this team, my unique skills and talents are valued and utilized. = Iteamsamarbeidet blir mine ferdigheter og egenskaper verdsatt og brukt.
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