
Wespi et al. Advances in Simulation            (2024) 9:38  
https://doi.org/10.1186/s41077-024-00309-z

METHODOLOGICAL INTERSECTIONS Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

TEAMs go VR—validating the TEAM 
in a virtual reality (VR) medical team training
Rafael Wespi1,2*  , Lukas Schwendimann1, Andrea Neher1,2  , Tanja Birrenbach1  , Stefan K. Schauber3  , 
Tanja Manser4,5  , Thomas C. Sauter1†   and Juliane E. Kämmer1,6†   

Abstract 

Background Inadequate collaboration in healthcare can lead to medical errors, highlighting the importance of inter-
disciplinary teamwork training. Virtual reality (VR) simulation-based training presents a promising, cost-effective 
approach. This study evaluates the effectiveness of the Team Emergency Assessment Measure (TEAM) for assessing 
healthcare student teams in VR environments to improve training methodologies.

Methods Forty-two medical and nursing students participated in a VR-based neurological emergency scenario 
as part of an interprofessional team training program. Their performances were assessed using a modified TEAM tool 
by two trained coders. Reliability, internal consistency, and concurrent validity of the tool were evaluated using intra-
class correlation coefficients (ICC) and Cronbach’s alpha.

Results Rater agreement on TEAM’s leadership, teamwork, and task management domains was high, with ICC values 
between 0.75 and 0.90. Leadership demonstrated strong internal consistency (Cronbach’s alpha = 0.90), while team-
work and task management showed moderate to acceptable consistency (alpha = 0.78 and 0.72, respectively). Overall, 
the TEAM tool exhibited high internal consistency (alpha = 0.89) and strong concurrent validity with significant cor-
relations to global performance ratings.

Conclusion The TEAM tool proved to be a reliable and valid instrument for evaluating team dynamics in VR-based 
training scenarios. This study highlights VR’s potential in enhancing medical education, especially in remote or dis-
tanced learning contexts. It demonstrates a dependable approach for team performance assessment, adding value 
to VR-based medical training. These findings pave the way for more effective, accessible interdisciplinary team assess-
ments, contributing significantly to the advancement of medical education.
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Introduction
Medical errors pose a threat to patient safety and are a 
serious societal burden [1, 2]. Studies on medical errors 
have shown that inadequate teamwork is often the cause 
of mistakes and failures [3]. This is one reason why 
interprofessional education (IPE) and continuing team 
training are vital for teaching students and practition-
ers how to collaborate effectively with other healthcare 
professions in clinical settings [4–6]. Indeed, an increas-
ing number of studies provide evidence for the positive 
effects of preparing the healthcare workforce for collab-
orative practice on health outcomes, attitudes towards 
IPE [7], and overall patient satisfaction [8, 9]. Thereby, 
simulation-based training is a well-established method 
to train teamwork skills [10, 11]. Studies have shown 
that simulation-based training can improve knowledge, 
clinical skills, self-efficacy, behaviours, team perfor-
mance, and clinical practice [12–19]. However, access to 
simulation-based training and interprofessional educa-
tion is still limited in most curricula, likely because it is 
resource-intensive and due to organisational hurdles [20]. 
Novel, cost-effective alternatives such as virtual real-
ity (VR) simulations could be a way to increase training 
opportunities [21, 22].

VR, a technology that generates an immersive experi-
ence, transporting users to a simulated environment that 
feels like a different location, by augmenting the primary 
sensory inputs with machine-generated information [23], 
is a novel technology and tool for transformative experi-
ences in medical education. VR offers numerous benefits 
and exerts a positive impact on several aspects of medi-
cal education [24, 25]. For example, it enables extensive 
and iterative training, creating more opportunities for 
skill development over longer durations [26]. It permits 
the exploration of complex scenarios with greater fre-
quency, providing learners with invaluable experiences 
that were previously difficult to replicate. Furthermore, 
the ability to reset simulations as required generates a 
robust learning tool, promoting both the correction of 
errors and the acquisition of skills. Studies indicate that 
students exposed to VR-based education perform better 
than peers in traditional settings, demonstrating its effec-
tiveness in enhancing medical learning [27]. VR technol-
ogy’s enhanced realism and immersion greatly enhance 
trainees’ confidence and learning experiences [28], lead-
ing to improved pass rates and increased student confi-
dence compared to conventional approaches [27]. VR 
interventions effectively improve self-efficacy, develop 
skills [29], and acquire knowledge [30, 31]. In addition, 
users report high acceptability, feasibility, and remark-
able emotional impact on the learning experience for 
VR interventions [28]. Moreover, studies have confirmed 
the positive impact of VR on attitudes, knowledge, and 

self-confidence among trainees at different stages [32–
34]. However, ensuring fidelity and realism is crucial 
for obtaining successful outcomes during training, as 
evidenced by recent research [26, 28]. Additionally, VR 
technology enables skill training without requiring physi-
cal presence, making it particularly advantageous dur-
ing unprecedented events, such as pandemics [35]. This 
has the potential to enable practical medical education, 
which forms the foundation of medical training, even in 
extraordinary circumstances like a pandemic [36]. Nev-
ertheless, it is also important to note that VR can induce 
side effects such as cyber sickness [37], and that there 
is an initial cost [38], which could present a significant 
barrier to the implementation of VR-based simulation 
training.

Establishing effective and reliable methods for evaluat-
ing team performance is crucial for evaluating the suc-
cess of a team training, for identifying areas that need 
improvement and for giving constructive feedback to 
team members [39, 40]. Yet, at present, no validated tool 
exists for assessing team performance within VR set-
tings. This deficiency is particularly significant as it hin-
ders the broader adoption of VR for team training and 
research purposes. Assessing teamwork in VR presents 
unique challenges. Firstly, it remains uncertain whether 
the limited expressive capabilities inherent in VR, such as 
the absence of facial expressions and the constraints on 
individuals’ body language, allow for effective evaluation 
of team performance through observational assessment 
tools. Moreover, the execution of routine procedures 
and activities in VR may diverge from real-world scenar-
ios, potentially exerting a substantial influence on team 
dynamics and the means by which they are evaluated.

In principle, various teamwork assessment tools exist 
[41], such as the Observational Teamwork Assessment 
for Surgery (OTAS; Undre et al., [42]), the Non-Technical 
Skills for Surgeons (NOTSS; Jung et al., [43]), the Oxford 
Non-Technical Skills (NOTECHS; Mishra et  al., [44]), 
the Human Factors Skills for Healthcare Instrument 
(HuFSHI; [45, 46], and the Team Emergency Assess-
ment Measure (TEAM; [47]. In a recent review [41], in 
which these tools were compared, the TEAM [47] was 
highlighted for its uniqueness in analysing the entire 
interprofessional team as a single unit and for provid-
ing a comprehensive solution that allows for effectively 
capturing the multidimensional aspects of teamwork. In 
two further reviews, the TEAM was recommended for its 
reliability and validity [48], and its high methodological 
quality [49].

The TEAM instrument was conceptualised for resus-
citation teams of three or more members [47]. Since 
its initial publication in 2010, the instrument has been 
expanded to the assessment of teams in various contexts 
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such as obstetric newborn emergency [50], distributed 
teams [51], and paediatric emergency [52], as well as in 
different fields such as pulmonology, neurology, anaes-
thesiology, surgery, and traumatology [53]. In a recent 
review, the TEAM’s general validity to assess team per-
formance across hospital clinical teams and in student 
training was confirmed [54]. Yet, a validation of the 
TEAM for evaluating team performance in VR-based 
team training is still pending. To address this gap, we 
conducted a comprehensive assessment of the reliability 
and validity of the TEAM instrument within the context 
of VR team training.

For this purpose, we analysed the TEAM ratings pro-
vided by trained observers of an interprofessional team 
training in VR, featuring pairs of medical and nursing 
students managing a neurological emergency case [55]. 
This study not only serves to validate the applicability of 
the TEAM instrument in VR scenarios but also explores 
its feasibility in a dyadic setting, particularly in handling 
an intricate emergency case.

Interprofessional dyads serve as an ideal foundation 
for training interprofessional teams, representing the 
smallest unit of such collaboration. These dyads not only 
enhance learning outcomes in clinical settings compared 
to uniprofessional groups [56] but also foster a support-
ive learning atmosphere that aids in achieving clinical 
objectives [57] and enhance self-confidence of healthcare 
practitioners [58]. Additionally, it has been demonstrated 
that dyadic medical training results in lower levels of 
stress and anxiety among novice participants compared 
to performing the same training tasks individually, with-
out compromising the quality of performance [59]. Our 
study thus also provides important insights for train-
ers and researchers of interprofessional pairs seeking to 
assess their collaboration.

Methods
Study design
This is a prospective validation study with medical and 
nursing students who completed an emergency medi-
cal scenario in VR together as dyadic interprofessional 
teams. The study took place in May 2023 in the simula-
tion centre of the University Hospital of Bern.

This paper is part of a scientific and educational pro-
ject, whereby a paper based on data on the acceptance, 
effectiveness, and feasibility collected during the same 
interprofessional VR team training will be published else-
where [56].

Participants
All sixth year medical students from the University of 
Bern and third year nursing students from the Bern Uni-
versity of Applied Sciences were eligible to take part in 

the study. Participation in the study was voluntary and 
part of an elective course. Inclusion criteria were:

• 18 years of age
• Enrolment as a medical or nursing student, respec-

tively
• Voluntary participation with the signing of the 

informed consent for the collection and analysis of 
their personal data in pseudonymised form

Exclusion criteria:

• Epilepsy
• Sensitivity to flashing lights

Material
Demographic survey
Demographic data (age, gender, and study programme) 
and information on the frequency of taking part in VR 
simulations and VR games were gathered through an 
online survey (via www. sosci survey. de). Respondents 
used an individually created password so that the gath-
ered information could be combined in pseudonymised 
form with further data.

Scenario and software
The VR scenario employed was developed in-house with 
the input of emergency medicine professionals and medi-
cal education experts. The simulation was a fully immer-
sive supervised VR scenario by SimX Inc. (San Francisco, 
California, USA). The scenario lasted for about 20 min 
and displayed a frequent emergency medical issue, 
namely a patient who was admitted to the emergency 
department suffering from a severe headache due to an 
unknown subarachnoid haemorrhage. At a given time, 
the patient’s condition deteriorated, starting to suffer 
from an epileptic seizure that required immediate action.

In detail, the scenario consisted of three phases (see 
Fig.  1). During the 5-min “Nurse Assessment”, the stu-
dent nurse performed an initial triage of the patient in the 
emergency department. The student nurse was alone in 
the scenario and took a preliminary medical history and 
conducted an initial examination (e.g. vital signs). At the 
end of this phase, the medical student entered the room, 
and the student nurse conducted a structured handover. 
During the “Team Assessment”, which lasted for 4 min, 
the medical student examined the patient jointly with the 
nursing student. This was followed by a treatment of the 
patient. The “Team Treatment” commenced after 9 min 
into the scenario and ended by treatment with benzo-
diazepine administration or automatically after 7 min. 
After the correct treatment or elapsed time, the patient 

http://www.soscisurvey.de
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was unable to speak for the first 3 min. During this phase, 
the team could initiate further diagnosis and treatment, 
followed by either a self-initiated handover to the attend-
ing physician or a moderator-triggered handover at the 
latest after minute 22, which marked the end of the simu-
lation. The simulation was followed by a debriefing.

Hardware
To implement a scenario, two Meta Quest 2 VR head-
sets (Meta Platforms, Inc.; Menlo Park, California, USA) 
equipped with controllers and noise-cancelling head-
phones (JBL Tune 760NC, California, USA) were used.

A simulation moderator led through the scenario, 
using an OMEN gaming laptop from HP (HP Develop-
ment Company, Bremdalvej 8, 7600 Struer, Denmark). 
The moderator provided relevant pre-recorded ver-
bal responses and elicited any necessary physiological 
responses such as lifting an arm from the patient. The 
moderator had either a background in medicine, nurs-
ing, or psychology, and had undergone extensive train-
ing in the use of the software.

The TEAM 
The TEAM comprises 11 items covering three distinct 
domains, namely leadership (items 1–2), teamwork 
(items 3–9), and task management (items 10–11) [47, 
54]. Each item is assessed using a five-point Likert scale 
ranging from 0 (never/hardly ever) to 4 (always/nearly 
always). Additionally, a global performance assessment 
(item 12) is included, which captures the evaluator’s 
overall impression on a scale of 1–10.

Since the TEAM instrument was initially designed for 
cardiac resuscitation teams consisting of three and more 
members [47] but the current simulation encompassed 
pairs and a more complex case with different phases, the 
standard behavioural markers had to be adapted. This 
was done by two emergency medicine and simulation 
experts, a nursing professional, and two psychologists 
based on two sample videos of good and intermediate 
team performance during the scenario (Appendix).

Procedure

Recruitment All sixth year medical students from the 
University of Bern and third year nursing students from 
the Bern University of Applied Sciences were invited 
via email to take part in an elective university course on 
emergency medicine (i.e. our study). On a first-come-
first-serve basis, they enrolled for the course. They were 
then assigned to one of three in-person course days. Each 
day, there were three slots of 3 h with three VR simula-
tions run concurrently. Figure  2 illustrates the proce-
dure from the perspective of a participant, including the 
time points of different questionnaires that were part of 
an evaluation study. For more details of the training and 
evaluation study, please see Neher et al. [55].

Preparation Two weeks prior to the in-person course 
day, the students were sent a socio-demographic ques-
tionnaire, and 1 week prior to the course day, an e-learn-
ing video that aimed at refreshing their knowledge on 
the topics of the simulation (i.e. structured handover, 
handling a severe headache and epileptic seizures). Addi-
tionally, they took part in a pre-test on conducting a 
handover.

Simulation—prelude The in-person course began with 
a welcome to all participating students. The simulation 
team was introduced to the participants, and instructions 
were provided about the rules and safety precautions for 
utilising VR. Afterwards, they were randomly paired with 
a person from the other programme.

Simulation—VR To get acquainted with the VR envi-
ronment, all pairs received a comprehensive “VR room 
tour” of the virtual patient’s room. Demonstrations 
included the use of controllers, the handling of VR 
objects, and their locations. Ensuring participants’ com-
fort within the virtual environment was of utmost signifi-
cance. After answering all questions and a short break, 
the VR scenario started. Before the student nurse entered 
the scenario, a briefing on a sheet of paper was presented:

Fig. 1 Schematic of the training scenario
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You are a nurse working in a local hospital. You are 
called to a room in the emergency department to 
see a new patient. The patient has walked in on his 
own and has not yet been seen by a physician. Please 
perform the initial assessment. The physician will 
soon come to support you. The physician on duty will 
knock on the door and then support you.

Meanwhile, the medical student was listening to music 
outside the virtual room, unable to hear or see anything 
from inside. Following 5 min, the medical student was 
also given a briefing on a piece of paper:

You are a physician working in a regional hospital. 
You are called to see a new walk-in patient in the 
emergency department. The nurse is already there 
and asks for your assistance. If you hear the knock 
[of the moderator], you can enter and introduce 
yourself to the nurse. If you don’t get a handover 
from the nurse, ask for one.

The medical student was then directed into the VR 
simulation under the guidance of a second person, and 
the rest of the scenario started with a first handover (see 
Fig. 1), which marks the beginning of the team training 

that was assessed with the TEAM. The whole simulation 
was video-recorded in the software from the moderator 
view. To get an impression of the setup, see Fig. 3.

Simulation—closure At the end of the scenario and 
after a short break, participants were asked to complete 
a series of paper questionnaires including various feasi-
bility and usability inventories to evaluate the VR train-
ing [56]. This was followed by a debriefing that lasted for 
about 30 min and focused on the medical treatment as 
well as interprofessional teamwork.

Observers’ rating / data collection Two raters out of the 
study team, one with a background in medicine and nurs-
ing (LS) and the other in psychology (RW), were trained 
by an experienced TEAM user (JEK) in the use of the 
adapted version of the TEAM instrument. Both raters 
were actively involved in the planning and implemen-
tation of the VR simulation and were therefore familiar 
with the scenario. Raters were given approximately 15 h 
of training each, during which they coded one training 
video and three of the study videos (see Fig.  4). One of 
the two raters then coded the remaining 17 videos. To 
estimate the interrater reliability, the other coder inde-
pendently coded 10 randomly selected videos.

Fig. 2 Schematic timetable for the whole time schedule. The training was divided into a preparation and a simulation. The simulation phase 
was further split into three parts: a prelude, a virtual reality (VR) training, and a closure. The clock adjacent to the corresponding icon represents 
the duration of each part
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Data analysis
To compute descriptive statistics and assess the reli-
ability, internal consistency, and concurrent validity, the 
statistics software “R” (version 4.3.1. R Foundation for 
Statistical Computing) was used.

For the demographic data, medians, quartiles, and per-
centages were calculated for the total sample as well as 
for each study programme subgroup. Mann–Whitney U 
tests were used to calculate whether the two subgroups 
differed from each other.

Interrater reliability per item was calculated using 
the intraclass correlation coefficients (ICC), namely 
the ICC consistency and ICC agreement [60]. ICC 
consistency reflects the degree to which measure-
ments remain stable across raters, whereas ICC agree-
ment measures the degree of agreement between 
raters’ ratings. Both ICC consistency and agreement 
were interpreted using established benchmarks with 
higher scores indicating a higher level of consistency 
or agreement between raters [60]: poor (< 0.4), fair 

(0.4–0.59), good (0.6–0.74), and excellent (≥ 0.75). For 
further analyses, the ratings of the two observers were 
averaged if they were not equal.

Internal consistency between all items measuring the 
same underlying construct (i.e. the TEAM domains 
leadership, teamwork, and task management) was cal-
culated using Cronbach’s alpha, which ranges from 0 
to 1. Following established benchmarks [61], we inter-
preted values as either poor (< 0.6), acceptable (0.6–
0.7), good (0.7–0.8), or excellent (≥ 0.8).

Concurrent validity evaluates the correlation between 
two measures or assessments conducted at the same 
time [62]. Pearson’s correlations were calculated 
between the global performance score (i.e. item 12) and 
the three TEAM domains each, with statistical signifi-
cance established at a p-value below 0.05.

Ethics
The local ethics committee (Kantonale Ethikkommission 
Bern) deemed our study to be exempt from full ethical 
approval, as it is not covered by the Human Research 

Fig. 3 Participants in the VR simulation, A in the real training room and B in the VR patient room. Note: Red and green circles illustrate 
the corresponding avatars

Fig. 4 Schematic illustration of the rater training
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Act (BASEC-Nr: Req-2023–00208). All methods were 
carried out in accordance with relevant guidelines and 
regulations.

Written informed consent was obtained (for the train-
ing, the video recording, and the data analysis). All data 
were collected, analysed, and stored in pseudonymised 
form.

Results
Missing data
Initially, 27 time slots were scheduled over a period of 3 
days for the VR simulations. Due to non-attendance, one 
time slot was left vacant, and in five time slots, only one 
participant appeared so that a member of the study team 
took the place of the second member during the training. 
These training sessions were neither recorded nor ana-
lysed. In addition, one video was not properly recorded. 
As a result, a total of 20 teams were analysed.

Sample
Our sample comprised two groups of participants: nurs-
ing students (N = 20, 80% females) and medical students 
(N = 20, 50% females), with an average age of 23 and 26 
years, respectively (for details, see Table  1). VR experi-
ence was reported by 20% of nursing students and 40% 
of medical students, gaming experience by 50% and 65%, 
respectively.

Reliability
The analysis of the interrater reliability using ICC was 
based on the individual ratings provided by two raters of 
10 scenarios. Agreement and consistency between the rat-
ings were examined for the three TEAM domains.

In terms of consistency, the ICC values for the leader-
ship, teamwork, and task management domains were 
0.75, 0.90, and 0.77, respectively, indicating an excellent 
level of consistency. In terms of agreement, the ICC val-
ues for the leadership, teamwork, and task management 
domains were 0.76, 0.90, and 0.77, respectively, indicat-
ing an excellent level of agreement. Also, the overall rat-
ing measured with item 12 shows with a value of 0.91 
an excellent level of consistency. For more details, see 
Table 2.

Internal consistency
The internal consistency was calculated using Cronbach’s 
alpha for the three TEAM domains. Results indicated 
excellent reliability for the leadership domain (Cron-
bach’s alpha = 0.90) with high correlations among items 
(r = 0.82), good reliability for teamwork (Cronbach’s 
alpha = 0.78) with moderate correlations among items 
(average inter-item correlation = 0.35), and good reliabil-
ity for task management (Cronbach’s alpha = 0.72) with 
moderate correlations among items (average inter-item 
correlation = 0.62). In addition, we calculated Cronbach’s 
alpha for the sum of items 1–11, which indicated excel-
lent internal consistency (Cronbach’s alpha = 0.89).

Concurrent validity
In terms of concurrent validity, Pearson’s correlations 
between the three TEAM domains and the global perfor-
mance score (item 12) demonstrated consistently strong 
associations, with r >  = 0.8, highlighting substantial align-
ment between these domain-specific assessments and the 
overall team evaluation (p < 0.001).

Discussion
Our study provides evidence for the reliability and valid-
ity of the TEAM instrument when assessing the per-
formance of dyadic healthcare student teams engaged 
in a VR-based team training. Non-technical skills, such 
as leadership and teamwork skills, play a pivotal role in 
shaping patient care outcomes and overall teamwork 
quality [63], and they can be enhanced through appro-
priate training methods [9]. Amid the ever-evolving 
landscape of medical education, VR-based training 
emerges as a transformative tool that has garnered rec-
ognition from numerous researchers and experts in the 
field [64]. It offers distinct advantages, such as location 
independence, cost-effectiveness, and broader acces-
sibility, effectively surmounting the limitations associ-
ated with traditional physical simulation training [21]. 
Through our study, we offer valuable insights to benefit 
trainers, researchers, and developers of VR-based train-
ing, expanding the evidence supporting the applicability 
of the TEAM for this innovative approach.

Table 1 Study population characteristics. VR virtual reality, N number of participants, Q1–Q3 quartile 1–quartile 3

All participants
N = 40

Nursing students
N = 20

Medicine students
N = 20

Statistics
p-value

Age median (Q1–Q3) 25 (23–26) 23 (22–27) 26 (25–28.3) < 0.001

Female n (%) 26 (65) 16 (80) 10 (50) 0.051

VR experience n (% yes) 12 (30) 4 (20) 8 (40) 0.251

Gaming experience n (% yes) 23 (58) 10 (50) 13 (65) 0.438
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Our assessment of interrater reliability for the TEAM 
instrument demonstrated excellent consistency and 
agreement across all three domains when evaluated by 
two proficient raters based on video recordings of the VR 
simulations. Notably, these results were achieved despite 
the inherent limitations of VR settings for observational 
assessment, which include reduced (or in our case: no) 
capacity to capture facial expressions, gestures, and gaze 
direction. Nevertheless, it is worth considering that these 
limitations may have a more pronounced impact on 
interrater reliability when dealing with larger team sizes 
as opposed to our dyadic setting.

In our examination of the internal consistency and con-
current validity of the TEAM instrument, we observed 
strong evidence for good to excellent consistency and 
substantial congruence between the domain-specific 
assessments and the overall team evaluation. This rep-
licates previous research conducted in real-life training 
scenarios (e.g. Freytag et  al., [53]) and various contexts 
(e.g. Morian et  al., [51]). Importantly, our adaptation of 
the behavioural anchors for the TEAM items to suit our 
specific intricate emergency scenario and a dyadic team 
setting did not compromise the robustness of these find-
ings. This emphasises the flexibility and adaptability of 
the TEAM instrument to various training environments.

Our study’s validation of the TEAM instrument in a 
virtual reality (VR) scenario addresses a need for health-
care education in the near future, in which the ability to 
accurately assess and improve teamwork skills is para-
mount. Having a valid and reliable measurement tool 

like the TEAM instrument ensures that evaluations are 
robust and meaningful. This, in turn, enables educators 
to tailor training programmes effectively, maximising the 
benefits for every learner. Non-technical skills are often 
overlooked but have a profound impact on patient care 
quality. Measuring team performance is also an essential 
step in research for understanding the complex factors 
that contribute to successful teamwork dynamics [65]. 
The use of precise evaluation tools, like the validated 
TEAM instrument, is necessary to identify areas for 
improvement and guide targeted training. This ensures 
that healthcare professionals are well-equipped to navi-
gate the complexities of their roles, ultimately benefiting 
patient safety and overall healthcare effectiveness.

Limitations
Our study comes with the limitation that it is a single-
centre study with a moderately sized sample. While our 
findings and sample sizes align with those of compa-
rable studies [47, 66], it needs to be acknowledged that 
the study involved 20 teams within one specific scenario, 
and our results stem from assessments conducted by two 
raters, although more would be desirable [60]. Whether 
our results can be extrapolated to other VR scenarios 
and larger teams, where the limitations of VR observa-
tions might be more pronounced, remains a topic for 
future research. Moreover, the limited addressal of valid-
ity’s complexity and insufficient use of broad validation 

Table 2 Intraclass correlation (ICC) values of each of the 12 items and each of the three TEAM domains rated by two raters. CI 
confidence interval

Items in TEAM ICC (CI 95%) ICC (CI 95%)
Consistency Agreement

Leadership 0.75 (0.48–0.89) 0.76 (0.49–0.90)

 1. The team leader let the team know what was expected of them through direction and command. 0.70 (0.16–0.91) 0.70 (0.19–0.91)

 2. The team leader maintained a global perspective. 0.82 (0.43–0.95) 0.84 (0.46–0.96)

Teamwork 0.90 (0.84–0.94) 0.90 (0.84–0.93)

 3. The team communicated effectively. 0.84 (0.47–0.96) 0.85 (0.50–0.96)

 4. The team worked together to complete the tasks in a timely manner. 0.96 (0.83–0.99) 0.96 (0.84–0.99)

 5. The team acted with composure and control. 0.80 (0.38–0.95) 0.80 (0.41–0.95)

 6. The team morale was positive. 0.72 (0.21–0.92) 0.74 (0.22–0.93)

 7. The team adapted to changing situations. 0.86 (0.55–0.97) 0.85 (0.52–0.96)

 8. The team monitored and reassessed the situation. 0.93 (0.74–0.98) 0.93 (0.75–0.98)

 9. The team anticipated potential actions. 0.94 (0.77–0.98) 0.94 (0.78–0.98)

Task management 0.77 (0.50–0.90) 0.77 (0.51–0.94)

 10. The team prioritised tasks. 0.75 (0.27–0.93) 0.77 (0.30–0.94)

 11. The team followed approved standards / guidelines. 0.82 (0.42–0.95) 0.82 (0.45–0.95)

Overall

 12. On a scale of 1–10, give your global rating of the team’s performance. 0.91 (0.70–0.98) 0.91 (0.71–0.98)
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frameworks in health professions education might affect 
the broader applicability of our study’s findings [67, 68].

Conclusions and future directions
VR-based training presents substantial advantages for 
medical education, particularly in the context of team 
training. We have demonstrated that the TEAM instru-
ment is well-suited for reliably evaluating team per-
formance within an interprofessional VR-based team 
training scenario. Nonetheless, it is important to recog-
nise that observational tools like the TEAM have their 
own limitations (such as capturing only observable 
behaviour but no inner states). Yet, they can be comple-
mented by objective measures such as electrocardiogram 
(ECG), electrodermal activity (EDA), and eye-track-
ing, which may allow providing a more comprehensive 
assessment of team performance. While this data-driven 
approach is not without its limitations [64], it offers the 
potential for objective insights into team dynamics [69–
71]. Investigating effective ways to integrate these diverse 
approaches should be a focus of future research.

Abbreviations
ECG  Electrocardiogram
EDA  Electrodermal activity
ICC  Intraclass correlation coefficient
TEAM  Team Emergency Assessment Measure
VR  Virtual reality

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s41077- 024- 00309-z.

Additional file 1: Appendix.

Acknowledgements
We would like to thank Theda Ockenga and “StellDirVor GmbH” (Munich, 
Germany) for their invaluable support in the planning, development, and 
implementation of the software solution as well as their valuable inputs 
regarding medical simulations.

Disclaimer
The content of this scientific paper reflects the authors’ views alone and does 
not necessarily align with those of BeLEARN or the European Commission. The 
authors are solely responsible for the paper’s content, with no implied influ-
ence or endorsement by the funder.

Authors’ contributions
RW: conception, design, acquisition, analysis, interpretation, drafting, and 
revising. LS: conception, acquisition, analysis, interpretation, and revising. AN: 
acquisition, interpretation, and revising. TB: conception, design, interpretation, 
and revising. SKS: conception, analysis, interpretation, and revising. TM: con-
ception, interpretation, and revising. JEK: conception, design, interpretation, 
and revising. TCS: conception, design, interpretation, and revising. All authors 
have approved the submitted version. All authors have agreed both to be per-
sonally accountable for their own contributions and to ensure that questions 
related to the accuracy or integrity of any part of the study. All authors confirm 
that they had full access to all the data in the study and accept responsibility 
to submit for publication.

Funding
This project received support from BeLEARN, an association established by 
five Bern universities to advance digitalisation in education. Additionally, fund-
ing was provided through the European Union’s Horizon 2020 Research and 
Innovation Program under grant agreement No. 101021775, titled “Medical 
First Responder Training using a Mixed Reality approach with haptic feedback 
for enhanced realism” (MED1stMR).

Availability of data and materials
Requests to access the datasets should be directed to RW, rafael.wespi@
extern.insel.ch.

Declarations

Competing interests
TCS holds the endowed professorship of emergency telemedicine at the 
University of Bern sponsored by the Touring Club Switzerland. The sponsor 
has no influence on the research or decision to publish. All other authors have 
nothing to disclose.

Received: 22 January 2024   Accepted: 29 August 2024

References
 1.  Hautz WE, Kämmer JE, Hautz SC, Sauter TC, Zwaan L, Exadaktylos AK, 

et al. Diagnostic error increases mortality and length of hospital stay 
in patients presenting through the emergency room. Scand J Trauma 
Resusc Emerg Med. 2019;27(1):54.

 2.  Makary MA, Daniel M. Medical error—the third leading cause of death in 
the US. BMJ. 2016;353:i2139.

 3.  Kohn LT, Corrigan JM, Donaldson MS. To err is human: building a safer 
health system [Internet]. Kohn LT, Herausgeber. Washington (DC): 
National Academies Press (US); 2000 [zitiert 20. September 2023]. Verfüg-
bar unter: http:// www. ncbi. nlm. nih. gov/ books/ NBK22 5182/

 4.  CAIPE C for the A of IE 2002. CAIPE. 2002 [zitiert 30. Oktober 2023]. 
Interprofessional education: today, yesterday and tomorrow - a review. 
Verfügbar unter: https:// www. caipe. org/ resou rces/ publi catio ns/ caipe- 
publi catio ns/ caipe- 2002- inter profe ssion al- educa tion- today- yeste rday- 
tomor row- barr-h

 5.  David SL, Saarinen H, Hohman A, German N. Using interprofessional 
education to prepare healthcare professionals for practice [Internet]. 
Rochester; 2023 [zitiert 5. Juni 2023]. Verfügbar unter: https:// papers. ssrn. 
com/ abstr act= 43411 58

 6.  Thistlethwaite J. Interprofessional education: a review of context, learning 
and the research agenda. Med Educ. 2012;46(1):58–70.

 7.  Kenaszchuk C, Rykhoff M, Collins L, McPhail S, van Soeren M. Positive 
and null effects of interprofessional education on attitudes toward 
interprofessional learning and collaboration. Adv Health Sci Educ. 
2012;17(5):651–69.

 8.  Mahajan R, Mohammed CA, Sharma M, Gupta P, Singh T. Interprofessional 
education: an approach to improve healthcare outcomes. Indian Pediatr. 
2018;55(3):241–9.

 9.  Salas E, DiazGranados D, Klein C, Burke CS, Stagl KC, Goodwin GF, et al. 
Does team training improve team performance? A meta-analysis. Hum 
Factors. 2008;50(6):903–33.

 10.  Eppich W, Howard V, Vozenilek J, Curran I. Simulation-based team training 
in healthcare. Simul Healthc. 2011;6(7):S14.

 11.  Eppich W, Reedy G. Advancing healthcare simulation research: innova-
tions in theory, methodology, and method. Adv Simul. 2022;7(1):23.

 12.  Abildgren L, Lebahn-Hadidi M, Mogensen CB, Toft P, Nielsen AB, Frandsen 
TF, et al. The effectiveness of improving healthcare teams’ human factor 
skills using simulation-based training: a systematic review. Adv Simul. 
2022;7(1):12.

 13.  Baetzner AS, Wespi R, Hill Y, Gyllencreutz L, Sauter TC, Saveman BI, et al. 
Preparing medical first responders for crises: a systematic literature 
review of disaster training programs and their effectiveness. Scand J 
Trauma Resusc Emerg Med. 2022;30(1):76.

https://doi.org/10.1186/s41077-024-00309-z
https://doi.org/10.1186/s41077-024-00309-z
http://www.ncbi.nlm.nih.gov/books/NBK225182/
https://www.caipe.org/resources/publications/caipe-publications/caipe-2002-interprofessional-education-today-yesterday-tomorrow-barr-h
https://www.caipe.org/resources/publications/caipe-publications/caipe-2002-interprofessional-education-today-yesterday-tomorrow-barr-h
https://www.caipe.org/resources/publications/caipe-publications/caipe-2002-interprofessional-education-today-yesterday-tomorrow-barr-h
https://papers.ssrn.com/abstract=4341158
https://papers.ssrn.com/abstract=4341158


Page 10 of 11Wespi et al. Advances in Simulation            (2024) 9:38 

 14.  Buljac-Samardzic M, Doekhie KD, van Wijngaarden JDH. Interventions to 
improve team effectiveness within health care: a systematic review of the 
past decade. Hum Resour Health. 2020;18(1):2.

 15.  Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, et al. 
Technology-enhanced simulation for health professions education: a 
systematic review and meta-analysis. JAMA. 2011;306(9):978–88.

 16.  Ilgen JS, Sherbino J, Cook DA. Technology-enhanced simulation in emer-
gency medicine: a systematic review and meta-analysis. Acad Emerg 
Med Off J Soc Acad Emerg Med. 2013;20(2):117–27.

 17.  O’Dea A, O’Connor P, Keogh I. A meta-analysis of the effectiveness of 
crew resource management training in acute care domains. Postgrad 
Med J. 2014;90(1070):699–708.

 18.  Oh PJ, Jeon KD, Koh MS. The effects of simulation-based learning using 
standardized patients in nursing students: a meta-analysis. Nurse Educ 
Today. 2015;35(5):e6-15.

 19.  Weile J, Nebsbjerg MA, Ovesen SH, Paltved C, Ingeman ML. Simulation-
based team training in time-critical clinical presentations in emer-
gency medicine and critical care: a review of the literature. Adv Simul. 
2021;6(1):3.

 20.  Berg KT, Mealey KJ, Weber DE, Berg DD, Crawford AG, Jasper EH, et al. Are 
medical students being taught invasive skills using simulation? Simul 
Healthc. 2013;8(2):72.

 21.  Haerling KA. Cost-utility analysis of virtual and mannequin-based simula-
tion. Simul Healthc. 2018;13(1):33.

 22.  Yu Z. A meta-analysis of the effect of virtual reality technology use in edu-
cation. Interact Learn Environ. 2021;0(0):1–21.

 23.  Heim M. Virtual Realism. In: Heim M, Herausgeber. Virtual realism [Inter-
net]. Oxford University Press; 1998 [zitiert 5. Oktober 2023]. S. 0. Verfügbar 
unter: https:// doi. org/ 10. 1093/ oso/ 97801 95104 264. 003. 0007

 24.  Kuyt K, Park SH, Chang TP, Jung T, MacKinnon R. The use of virtual reality 
and augmented reality to enhance cardio-pulmonary resuscitation: a 
scoping review. Adv Simul. 2021;6(1):11.

 25.  Riches S, Iannelli H, Reynolds L, Fisher HL, Cross S, Attoe C. Virtual reality-
based training for mental health staff: a novel approach to increase 
empathy, compassion, and subjective understanding of service user 
experience. Adv Simul. 2022;7(1):19.

 26.  Abich J, Parker J, Murphy JS, Eudy M. A review of the evidence for 
training effectiveness with virtual reality technology. Virtual Real. 
2021;25(4):919–33.

 27.  Zhao G, Fan M, Yuan Y, Zhao F, Huang H. The comparison of teaching 
efficiency between virtual reality and traditional education in medi-
cal education: a systematic review and meta-analysis. Ann Transl Med. 
2021;9(3):252.

 28.  Bracq MS, Michinov E, Jannin P. Virtual reality simulation in nontechni-
cal skills training for healthcare professionals: a systematic review. Simul 
Healthc J Soc Simul Healthc. 2019;14(3):188–94.

 29.  Clarke E. Virtual reality simulation—the future of orthopaedic training? A 
systematic review and narrative analysis. Adv Simul. 2021;6(1):2.

 30.  Berg H, Steinsbekk A. The effect of self-practicing systematic clini-
cal observations in a multiplayer, immersive, interactive virtual reality 
application versus physical equipment: a randomized controlled trial. Adv 
Health Sci Educ. 2021;26(2):667–82.

 31.  Dhar E, Upadhyay U, Huang Y, Uddin M, Manias G, Kyriazis D, et al. A scop-
ing review to assess the effects of virtual reality in medical education and 
clinical care. Digit Health. 2023;9:20552076231158024.

 32.  Chen FQ, Leng YF, Ge JF, Wang DW, Li C, Chen B, et al. Effectiveness of 
virtual reality in nursing education: meta-analysis. J Med Internet Res. 
2020;22(9):e18290.

 33.  Pulijala Y, Ma M, Pears M, Peebles D, Ayoub A. Effectiveness of immersive 
virtual reality in surgical training-a randomized control trial. J Oral Maxil-
lofac Surg Off J Am Assoc Oral Maxillofac Surg. 2018;76(5):1065–72.

 34.  Washington E, Shaw C. The effects of a VR intervention on career 
interest, empathy, communication skills, and learning with second-
year medical students. In: Branch RM, Lee H, Tseng SS, Herausgeber. 
Educational media and technology yearbook: volume 42 [Internet]. 
Cham: Springer International Publishing; 2019 [zitiert 5. Oktober 2023]. 
S. 67–80. (Educational Media and Technology Yearbook). Verfügbar 
unter: https:// doi. org/ 10. 1007/ 978-3- 030- 27986-8_7

 35.  Birrenbach T, Zbinden J, Papagiannakis G, Exadaktylos AK, Mül-
ler M, Hautz WE, et al. Effectiveness and utility of virtual reality 
simulation as an educational tool for safe performance of COVID-19 

Diagnostics: prospective, randomized pilot trial. JMIR Serious Games. 
2021;9(4):e29586.

 36.  Gill D, Whitehead C, Wondimagegn D. Challenges to medical educa-
tion at a time of physical distancing. Lancet. 2020;396(10244):77–9.

 37.  Saredakis D, Szpak A, Birckhead B, Keage HAD, Rizzo A, Loetscher T. Fac-
tors Associated with virtual reality sickness in head-mounted displays: 
a systematic review and meta-analysis. Front Hum Neurosci. 2020;14. 
[zitiert 18. Juli 2024]. Verfügbar unter: https:// www. front iersin. org/ 
journ als/ human- neuro scien ce/ artic les/ 10. 3389/ fnhum. 2020. 00096/ full

 38.  Farra SL, Gneuhs M, Hodgson E, Kawosa B, Miller ET, Simon A, et al. 
Comparative cost of virtual reality training and live exercises for 
training hospital workers for evacuation. Comput Inform Nurs CIN. 
2019;37(9):446–54.

 39.  Edmondson A. Psychological safety and learning behavior in work 
teams. Adm Sci Q. 1999;44(2):350–83.

 40.  Jeffcott SA, Mackenzie CF. Measuring team performance in healthcare: 
review of research and implications for patient safety. J Crit Care. 
2008;23(2):188–96.

 41.  Etherington N, Larrigan S, Liu H, Wu M, Sullivan KJ, Jung J, et al. 
Measuring the teamwork performance of operating room teams: a sys-
tematic review of assessment tools and their measurement properties. 
J Interprof Care. 2021;35(1):37–45.

 42.  Undre S, Sevdalis N, Healey AN, Darzi A, Vincent CA. Observational 
teamwork assessment for surgery (OTAS): refinement and application 
in urological surgery. World J Surg. 2007;31(7):1373–81.

 43.  Jung JJ, Borkhoff CM, Jüni P, Grantcharov TP. Non-Technical Skills for 
Surgeons (NOTSS): critical appraisal of its measurement properties. Am 
J Surg. 2018;216(5):990–7.

 44.  Mishra A, Catchpole K, McCulloch P. The Oxford NOTECHS System: reli-
ability and validity of a tool for measuring teamwork behaviour in the 
operating theatre. BMJ Qual Saf. 2009;18(2):104–8.

 45.  Lavelle M, Reedy GB, Attoe C, Simpson T, Anderson JE. Beyond the 
clinical team: evaluating the human factors-oriented training of 
non-clinical professionals working in healthcare contexts. Adv Simul. 
2019;4(1):11.

 46.  Reedy GB, Lavelle M, Simpson T, Anderson JE. Development of the 
human factors skills for healthcare instrument: a valid and reliable tool for 
assessing interprofessional learning across healthcare practice settings. 
BMJ Simul Technol Enhanc Learn. 2017;3(4):135–41.

 47.  Cooper S, Cant R, Porter J, Sellick K, Somers G, Kinsman L, et al. Rat-
ing medical emergency teamwork performance: development of 
the Team Emergency Assessment Measure (TEAM). Resuscitation. 
2010;81(4):446–52.

 48.  Wooding EL, Gale TC, Maynard V. Evaluation of teamwork assessment 
tools for interprofessional simulation: a systematic literature review. J 
Interprof Care. 2020;34(2):162–72.

 49.  Gawronski O, Thekkan KR, Genna C, Egman S, Sansone V, Erba I, et al. 
Instruments to evaluate non-technical skills during high fidelity 
simulation: a systematic review. Front Med. 2022;9. [zitiert 5. Juni 2023]. 
Verfügbar unter: https:// www. front iersin. org/ artic les/ 10. 3389/ fmed. 2022. 
986296

 50.  Rovamo L, Nurmi E, Mattila MM, Suominen P, Silvennoinen M. Effect of 
a simulation-based workshop on multidisplinary teamwork of newborn 
emergencies: an intervention study. BMC Res Notes. 2015;8(1):671.

 51.  Morian H, Härgestam M, Hultin M, Jonsson H, Jonsson K, Nordahl Amorøe 
T, et al. Reliability and validity testing of team emergency assessment 
measure in a distributed team context. Front Psychol. 2023;14.  [zitiert 28. 
September 2023]. Verfügbar unter: https:// www. front iersin. org/ artic les/ 
10. 3389/ fpsyg. 2023. 11103 06

 52.  Couto TB, Kerrey BT, Taylor RG, FitzGerald M, Geis GL. Teamwork skills in 
actual, in situ, and in-center pediatric emergencies: performance levels 
across settings and perceptions of comparative educational impact. 
Simul Healthc J Soc Simul Healthc. 2015;10(2):76–84.

 53.  Freytag J, Stroben F, Hautz WE, Schauber SK, Kämmer JE. Rating the qual-
ity of teamwork—a comparison of novice and expert ratings using the 
Team Emergency Assessment Measure (TEAM) in simulated emergencies. 
Scand J Trauma Resusc Emerg Med. 2019;27(1):12.

 54.  Cooper S, Connell C, Cant R. Review article: use of the team emergency 
assessment measure in the rating of emergency teams’ non-technical 
skills: a mapping review. Emerg Med Australas. 2023;35(3):375–83.

https://doi.org/10.1093/oso/9780195104264.003.0007
https://doi.org/10.1007/978-3-030-27986-8_7
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2020.00096/full
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2020.00096/full
https://www.frontiersin.org/articles/10.3389/fmed.2022.986296
https://www.frontiersin.org/articles/10.3389/fmed.2022.986296
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1110306
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1110306


Page 11 of 11Wespi et al. Advances in Simulation            (2024) 9:38  

 55.  Neher AN, Wespi R, Rapphold BD, Sauter TC, Kämmer JE, Birrenbach T. 
INter-professional TEAM (INTEAM) training with Virtual Reality: an evalu-
ation study assessing its acceptance, learning outcome, and feasibility. 
JMIR Serious Games. 2024;0:e3.

 56.  Hansen TB, Pape B, Thiesen PS, Jakobsen F. Interprofessional versus 
uniprofessional dyad learning for medical students in a clinical setting. Int 
J Med Educ. 2020;11:191–200.

 57.  Ruth-Sahd LA. Student nurse dyads create a community of learning: 
proposing a holistic clinical education theory: Student nurse dyads create 
a community of learning. J Adv Nurs. 2011;67(11):2445–54.

 58.  Yu J, Lee W, Kim M, Choi S, Lee S, Kim S, et al. Effectiveness of simulation-
based interprofessional education for medical and nursing students in 
South Korea: a pre-post survey. BMC Med Educ. 2020;20(1):476.

 59.  Abbott EF, Laack TA, Licatino LK, Wood-Wentz CM, Warner PA, Torsher LC, 
et al. Comparison of dyad versus individual simulation-based training on 
stress, anxiety, cognitive load, and performance: a randomized controlled 
trial. BMC Med Educ. 2021;21(1):367.

 60.  Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation 
coefficients for reliability research. J Chiropr Med. 2016;15(2):155–63.

 61.  Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J Med Educ. 
2011;2:53–5.

 62.  Streiner DL, Norman GR, Cairney J. Health measurement scales: a practical 
guide to their development and use. Oxford University Press; 2015. 415 S.

 63.  Schmutz J, Manser T. Do team processes really have an effect on 
clinical performance? A systematic literature review. Br J Anaesth. 
2013;110(4):529–44.

 64.  Wespi R, Birrenbach T, Schauber SK, Manser T, Sauter TC, Kämmer JE. 
Exploring objective measures for assessing team performance in health-
care: an interview study. Front Psychol . 2023;14. [zitiert 30. Oktober 2023]. 
Verfügbar unter: https:// www. front iersin. org/ artic les/ 10. 3389/ fpsyg. 2023. 
12326 28

 65.  Murray D, Enarson C. Communication and teamwork: essential to learn 
but difficult to measure. Anesthesiology. 2007;106(5):895–6.

 66.  Karlgren K, Dahlström A, Birkestam A, DrevstamNorling A, Forss G, 
Andersson Franko M, et al. The TEAM instrument for measuring emer-
gency team performance: validation of the Swedish version at two emer-
gency departments. Scand J Trauma Resusc Emerg Med. 2021;29(1):139.

 67.  Cook DA, Zendejas B, Hamstra SJ, Hatala R, Brydges R. What counts as 
validity evidence? Examples and prevalence in a systematic review of 
simulation-based assessment. Adv Health Sci Educ. 2014;19(2):233–50.

 68.  St-Onge C, Young M, Eva KW, Hodges B. Validity: one word with a plurality 
of meanings. Adv Health Sci Educ. 2017;22(4):853–67.

 69.  Hałgas E, van Eijndhoven K, Gevers J, Wiltshire T, Westerink J, Rispens S. 
A review of using wearable technology to assess team functioning and 
performance. Small Group Res. 2022;54:104649642211257.

 70.  He W, Jiang X, Zheng B. Synchronization of pupil dilations correlates with 
team performance in a simulated laparoscopic team coordination task. 
Simul Healthc J Soc Simul Healthc. 2021;16(6):e206–13.

 71.  Kazi S, Khaleghzadegan S, Dinh JV, Shelhamer MJ, Sapirstein A, Goeddel 
LA, et al. Team physiological dynamics: a critical review. Hum Factors. 
2021;63(1):32–65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1232628
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1232628

	TEAMs go VR—validating the TEAM in a virtual reality (VR) medical team training
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Participants
	Material
	Demographic survey
	Scenario and software
	Hardware
	The TEAM 
	Procedure

	Data analysis
	Ethics


	Results
	Missing data
	Sample
	Reliability
	Internal consistency
	Concurrent validity

	Discussion
	Limitations
	Conclusions and future directions

	Acknowledgements
	References


