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Abstract

Background: Interprofessional teamwork is essential for patient outcomes in emergency medicine; yet, effective training in
this area is scarce. Virtual reality (VR) provides a promising, resource-efficient solution for simulating emergency scenarios and
facilitating interprofessional collaboration. While VR-based training has shown benefits for medical skill and knowledge acquisition,
assessing teamwork within such environments remains a challenge due to the lack of validated measurement tools. Existing
teamwork assessment instruments, developed for physical simulations, may not fully apply to VR due to differences in
communication modalities, interaction mechanics, and observer perspectives.

Objective: This study aims to adapt and validate the TeamSTEPPS framework to assess teamwork in VR-based training.
Subsequently, these adapted instruments will enable the investigation of whether interprofessional teamwork can be successfully
trained in VR scenarios.

Methods: Prior to the study, measurement instruments for subjective (Teamwork Perceptions Questionnaire) and objective
teamwork quality (Team Performance Observation Tool, TPOT) will be adapted and validated for use in VR scenarios. Validation
of the adapted version of the Team Performance Observation Tool includes expert consensus via a modified Delphi method as
well as validity and reliability testing using recorded VR teamwork sessions. The study itself is designed as a prospective pre-post
study with a planned enrollment of 65 nursing and 65 medical students working in randomly assigned interprofessional teams.
On 3 timepoints (day 1, day 8, and day 15), participants engage in a VR scenario simulating 1 out of 3 different emergency
medical conditions (esophageal variceal bleeding, exacerbated chronic obstructive pulmonary disease, and atrial fibrillation due
to urinary tract infection). As an intervention, a structured training video on successful teamwork according to the TeamSTEPPS
concept is shown on day 8 immediately before the second VR scenario. Teamwork is assessed objectively with the adapted version
of the Team Performance Observation Tool and subjectively with the adapted Teamwork Perceptions Questionnaire. Medical
performance will be recorded automatically by the VR software based on the medical measures conducted by the team.

Results: As of May 2024, a total of 28 interprofessional teams have been enrolled. Data analysis will begin in late 2025.

Conclusions: This study addresses the challenge of adapting teamwork assessment tools to VR environments and may provide
insights into the potential of VR-based training for improving interprofessional collaboration in medical education. Future research
could include a control group to measure the effects of team training more rigorously or use more enhanced technologies (eg,
natural language processing) to capture the full range of teamwork behavior.
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Introduction

Interprofessional teamwork plays a crucial role in affecting
patient outcomes in emergency medical contexts [1,2]. However,
interprofessional team training is uncommon both in
undergraduate medical education and in professional practice
[3,4]. This is particularly due to the high personnel and resource
requirements for effective team training [5,6]. Virtual reality
(VR)–based training environments are playing an increasing
role in emergency medicine, facilitating the widespread and
effective learning of medical content, and may also enable
interprofessional team collaboration training in the future [7].
The improvement in medical performance through such training
is measured using various parameters such as checklists or “time
to action” [8-11]. Some VR programs already allow for
automated result recording [10], which could support examiners
in complex practical examination settings in the future.

In contrast to capturing medical knowledge or performance,
there are currently no validated tools for measuring
(interprofessional) team collaboration in VR-based
environments. For conventional physical simulation–based
training, numerous tools exist to objectively capture various
aspects of teamwork [12,13]. These are often based on Crew
Resource Management or similar principles. However, these
evaluation criteria cannot be fully transferred to VR scenarios
for several reasons: Currently, team-capable VR training
environments vary significantly in their level of functionality.
For instance, considerable differences exist in how verbal
interaction with virtual patients is represented (either through
menu-based options or speech recognition [14]) and how haptic
measures are depicted (solely via VR controllers [15,16] or
additional haptic devices [8]). The ways teamwork is represented
in VR environments (verbal communication, handing over
objects, as well as briefing and debriefing) also may differ and
nonverbal communication skills such as facial expressions and
nuanced gestures are largely missing among current VR-based
avatars. Finally, it is crucial to provide evaluators with a
sufficient view of the actions and verbal communication in the
VR scenario—whether as participants wearing a VR headset or
through visualizing the participants’perspectives on a computer
screen. These challenges may explain why the quality of
teamwork in VR-based environments has barely been measured
so far. While technical hurdles are increasingly being overcome
through advances in hardware and software, assessment tools
for team collaboration in virtual settings still need to be adapted
and validated.

A well-validated framework that includes educational content
and both subjective and objective tools for assessing teamwork
in physical simulations is the TeamSTEPPS framework [17].
In its current version (3.0), it covers 5 dimensions: team
structure, communication, leadership, situation monitoring, and
mutual support, and provides both subjective and objective

evaluation metrics. The objective metric, the Team Performance
Observation Tool (TPOT), has been significantly enhanced in
terms of test-retest and interrater reliability through the inclusion
of behavioral anchors compared to the original version [18]. In
a recently published comparison of the most promising team
performance assessment tools for evaluating longitudinal
training, the TPOT was rated the most comprehensive tool and
showed the second-best interrater reliability [19]. The associated
questionnaire for subjective team member perceptions, the
Teamwork Perceptions Questionnaire (T-TPQ), is also
well-researched and validated [20]. While other assessment
tools may outperform in specific criteria [12], the TeamSTEPPS
concept is well suited for studies assessing comprehensive
learning outcomes in simulations due to its alignment between
teaching and assessment tools.

This study aims to adapt and validate objective and subjective
assessment tools for the facets of teamwork that meet the
requirements of VR-based environments, using the
TeamSTEPPS measurement instruments. In the planned
prospective study, these assessment tools will be used to
measure the objective quality and the subjective perceptions of
teamwork longitudinally (before, immediately after, and 1 week
after completing a VR-based team training). In addition, the
medical performance of the teams will be assessed based on the
medical actions taken. The hypotheses derived from this are as
follows:

• H1: A VR-adapted TPOT (vTPOT) supplemented with
behavioral anchors demonstrates good item characteristics
(concurrent validity, interrater reliability, and internal
consistency) for the various facets of teamwork compared
to the original version.

• H2: VR-based team training leads to a sustainable objective
improvement in all facets of teamwork performance in
interprofessional teams (as measured with the vTPOT).

• H3: VR-based team training leads to sustainable subjective
improvement in all facets of teamwork perceptions in
interprofessional teams (as measured with an adapted
T-TPQ).

• H4: The increasing quality of teamwork is associated with
an improvement in treatment quality, represented by the
automatically recorded percentage of correctly performed
medical actions.

Methods

Apparatus
STEP-VR (version 1.0; ThreeDee GmbH, Munich, Germany)
will be used as the VR simulation of complex emergencies,
which represents a joint development between a 3D visualization
company and the University Hospital of Würzburg. The version
includes multiuser functionality, allowing the selection of an
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avatar with typical nursing or medical attire and multiple stylized
faces (Figure 1).

The VR hardware setup for this study includes 2 OMEN by HP
17-ck0075ng Laptops (chipset: Intel Core i7-11800H; graphics

adapter: NVIDIA GeForce RTX 3070 Laptop GPU [8 GB
GDDR6 dedicated]) and 2 Oculus Quest III VR head-mounted
displays (HMDs). The equipment enables STEP-VR to run at
a constant framerate of over 60 frames per second on “high
quality” display settings of the HMD.

Figure 1. Top left: participants with the virtual reality head-mounted display and image transmission to a monitor (background) for the study staff.
Top right: interaction of stylized avatars in the first-person perspective. Bottom left: final evaluation after the simulation with an assessment of medical
performance. Bottom right: overview showing stylized avatars and a virtual patient.

Adaptation and Validation of the Measurement
Instruments for Teamwork Quality

Adaptation and Validation of the TPOT for VR-Based
Scenarios
The original version of the TPOT includes 25 items to assess 5
facets of teamwork: team structure, communication, leadership,
situational awareness, and mutual support. Compared to
traditional, in-person team training, the novel context of
VR-based interactions, as well as the small team size of 2
people, make adjustments necessary. To ensure content validity,
respective changes will be proposed by 4 experts—a certified
TeamSTEPPS expert (HP), a specialist in internal medicine and
medical education (TM), an intensive care nurse with additional
specialization in medical education (JM), and the study
coordinator (ML, a skills lab tutor with special training and 2
years of experience in undergraduate medical
education)—independently and implemented after thorough
joint discussion. In the next step, a modified Delphi method

will be applied. Experienced doctors or nurses with either
additional qualifications in medical education, specialization
in emergency medicine or emergency nursing, or extensive
experience in conducting team training form the expert panel.
These experts will be asked to rate the appropriateness and
applicability of items within the novel context of VR-based
interactions [21].

To investigate the concurrent validity between the original
TPOT and vTPOT, subsequently, 6 video recordings of
teamwork in virtual reality scenarios will be evaluated by
multiple raters using both instruments, and the correlation will
be calculated overall and for each facet of teamwork. The
interrater reliability for the vTPOT, as well as the internal
consistency, will also be calculated from this analysis.

Adaptation and Validation of the T-TPQ for VR-Based
Scenarios
The 35-item self-report tool T-TPQ developed by TeamSTEPPS,
uses 5-point Likert scales to measure staff perceptions of Team
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Structure, Team Leadership, Situation Monitoring, Mutual
Support, and Communication. These 5 facets of teamwork
correspond to those described in the above-mentioned TPOT.
The 5-point Likert scale ranges from 5=“strongly agree” to
1=“strongly disagree.” All items of the T-TPQ were translated
into German.

For the identification of inappropriate items of the T-TPQ,
quantitative and qualitative methods will be applied. In the first
step, as part of a pilot study, all participants initially answered
the 35 items of the original T-TPQ. Following this, internal
consistency is calculated and items that strongly deviate from
the responses to other items will be identified.

In the second step, an additional response option, “not
applicable,” will be integrated into the T-TPQ for all items.
Also, within the pilot study, participants will be asked to explain
why they had rated an item as “not applicable.” Exclusion of
inappropriate items will be made based on these analyses.

Study Design
A prospective preintervention-postintervention study will be
conducted between May 2024 and June 2025. Teams consisting
of 1 nursing and 1 medical student will complete 3 different
interprofessional VR-based scenarios on 3 dates. These teams
will be newly randomized for each session.

Three scenarios, each lasting about 30 minutes, will be
completed by all participants in random order on different dates:
(1) esophageal variceal bleeding due to ethyl-toxic liver
cirrhosis, (2) exacerbated chronic obstructive pulmonary disease,
and (3) tachycardic atrial fibrillation due to complicated urinary

tract infection. The contents of the scenarios and indicated
medical actions are listed in Table S1 in Multimedia Appendix
1 and were already described in detail elsewhere [16,22].
Participants can communicate via voice-over IP and interact
with each other through avatars during the scenarios (eg,
handing over equipment or demonstrating findings on a screen).
The type and order of medical actions and teamwork elements
are not predetermined and can be independently structured by
the team members (eg, briefing and mid-discussion). After the
scenario, a detailed guideline-based evaluation of the medical
actions and an overview of the physiological course of the
disease can serve as the basis for debriefing.

On the first date (day 1), informed consent will be obtained. A
tutorial will follow to familiarize participants with VR hardware
and software. The first scenario will be completed without
specific prior team training (pre-test). On the second date (day
8), a training video on successful teamwork including practical
recommendations will be shown (approximately 30 min). The
content of the training video is based on the official
TeamSTEPPS guidelines [17] and has been adapted by the
authors of the study to fit the specific context (limited time and
VR setting). In addition, video examples were shown to
demonstrate how certain team interactions (particularly for
performing “Check-Backs,” “Huddles,” giving feedback, and
applying the “Two-Challenge Rule”) can be implemented in
VR. Then, the second scenario will be completed (post test). A
total of 7 days later (day 15), without additional training, the
third and final scenario will be completed (retention test). Figure
2 provides an overview of the study design and data collection.
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Figure 2. Overview of the data collection process. vTPOT: Team performance observation tool adapted for virtual reality scenarios. T-TPQ: TeamSTEPPS
T-TPQ; VR: virtual reality.

Participants

Overview
All regularly enrolled nursing students in their second-third
year of training and all medical students in their 8th-10th

semester at the University Hospital of Würzburg are eligible to
participate. Participants of the study will provide written
informed consent after being detailed on the study conditions.
Inclusion criteria and exclusion criteria are listed in Textbox 1.
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Textbox 1. Eligibility criteria.

Inclusion criteria

• Regularly enrolled nursing students in their second or third year of training or medical students in their eighth to tenth semester

• Signed informed consent provided

• 18 years of age

Exclusion criteria

• Known epilepsy

• Known severe motion sickness

Sample Size Calculation
Since the team tandems are reassembled in a new, randomized
form at each session a sample size estimation for 3 repeated
measures timepoints could not be computed. Instead, we had
to assume 3 independent groups. A between-groups ANOVA
with an α level of 5%, a power of 80%, and assuming a large
effect size, indicated that approximately 65 team tandems would
be required, resulting in a total of 130 participants.

Measurement Instruments

Measures of Teamwork Quality
Both measures of teamwork quality are based on the
TeamSTEPPS framework and include items related to the 5
facets of team structure, communication, leadership, situation
monitoring, and mutual support. Details on the adaptation and
validation process are provided in the corresponding section.

Objective teamwork will be measured through first-person video
recordings of the VR sessions, which will be analyzed using
the adapted version of the TPOT (vTPOT). This tool will
evaluate observable behaviors and team interactions based on
predefined teamwork criteria.

Subjective teamwork will be assessed using the adapted version
of the T-TPQ completed by the participants after the first and
third VR scenarios, focusing on their perceptions of teamwork
quality.

Automatically Recorded Medical Performance Score
After each scenario, both team members can view and discuss
the final evaluation together. All medical tasks specific to each
scenario are assessed and it is recorded whether they were fully
completed, partially completed, or not completed at all. The
checklists for each scenario had been previously established by
the authors based on guidelines from professional societies
[23-25]. It was already ensured as part of a pilot study, that the
automated final evaluation—in comparison with a manual
checklist—accurately recorded all measures [10]. Importantly,
when recording the tasks, the VR software does not differ
whether they were carried out by medical or nursing staff. Based
on that, a percentage score of medical performance for each
team is generated.

Ethical Considerations
The local institutional review and ethics board judged the project
as not representing medical or epidemiological research on

human participants and as such adopted a simplified assessment
protocol. The project was approved without any reservation
(proposal 20240422-01). Students will be informed about the
study and their participation is voluntary. Written informed
consent is obtained in printed form from all participants, who
are also provided with information on data processing for the
analysis and the publication of results. Contact details are
supplied for participants wishing to withdraw their consent to
data processing. The decision to participate or not has no
consequences on the students’ academic progress. Survey data
from the questionnaires are collected anonymously using the
EvaSys platform. Data are processed and stored in accordance
with local data protection laws. A €30 (approximately US
$33.40) book voucher will be handed to the participants upon
completion of day 3.

Statistical Analysis
Test quality criteria of vTPOT will be assessed as follows: For
concurrent validity, Pearson correlations will be calculated.
Interrater reliability of the vTPOT will be calculated using
Cohen Kappa to quantify the agreement between the assessments
of the independent reviewers. Internal consistency of the vTPOT
will be assessed by using Cronbach α. A value exceeding 0.7
will be considered acceptable, and greater than 0.8 as good.
Considering the results of objective team performance,
subjective teamwork perception, medical performance scores,
and descriptive statistics including mean and SD will be
calculated and presented in the format of mean and SD. Pearson
correlations will be calculated to capture relationships between
the results of different measurement instruments. The
Shapiro-Wilk test is used to check for normal distribution. In
case of a violation of the normality assumption, nonparametric
tests (Wilcoxon rank test for group differences and Spearman
test for correlations) are used. The calculations and generation
of figures will be performed using GraphPad Prism (Version
10.1.2; GraphPad Software Inc).

Results

This study received ethics approval in April 2024. As of May
2024, the enrollment of participants is ongoing and currently
(March 2025) has 28 enrolled interprofessional teams. Data
collection and analysis will be complete in December 2025.
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Discussion

Strengths and Limitations
This study leverages advanced VR technology to enhance
interprofessional team training in medical education, allowing
participants to engage in immersive, high-fidelity scenarios that
closely mimic real-life emergency situations. A key strength
lies in the use of an established VR-based training program
(STEP-VR) that has been implemented in curricular teaching
at several locations in Germany since 2020 and has already been
evaluated in various teaching and examination settings. In terms
of teamwork, the well-researched and validated measurement
instruments of the TeamSTEPPS framework are used as a
foundation, which is optimally aligned with teamwork training.
The adaptation and validation are carried out in a rigorous
selection process together with experts from all involved
professions. Thus, the results will provide both objective and
subjective insights into the improvement of teamwork skills. In
addition, the study’s relatively large sample size and inclusion
of participants from different cohorts within nursing and medical
programs offer a comprehensive view of the potential impact
of VR-based training on interprofessional teams.

Despite these strengths, there are several limitations to consider.
First, the absence of a control group limits our ability to
definitively attribute improvements in teamwork to the
VR-based training intervention alone. The pre-post design
allows for intragroup comparisons, but the lack of a parallel
group experiencing conventional training or no training reduces
the robustness of our findings. In particular, regarding the
subjectively perceived quality of teamwork, an anticipated
treatment effect of uncertain magnitude could arise due to the
lack of a control group. To mitigate this, we reassemble the
teams for each session. While an effect due to mere repetition
is also conceivable for the objective measurements of teamwork
quality, it is less likely, as most TeamSTEPPS concepts (eg,
check-backs, the Two-Challenge Rule) are unlikely to be learned
intuitively. Moreover, the intervention (the training video on
successful teamwork) is significantly shorter than typical
training sessions from the TeamSTEPPS framework and may
not achieve a sufficient effect. However, with regard to future
application, it seemed important to find a training concept that
could be applied both in academic studies and within the tightly

scheduled clinical routine. In addition, the study is conducted
at a single institution, which may restrict the generalizability
of the results to other educational contexts or healthcare systems.
Finally, another limitation stems from the voluntary nature of
participant enrollment. It is possible that those opting to
participate may already have a positive attitude toward
teamwork or technology, potentially introducing a selection
bias.

Challenges
One of the main challenges in this study is the adaptation of the
TPOT and T-TPQ to VR environments. VR scenarios differ
from traditional simulation in their representation of
communication and interaction, as some elements (eg, natural
communication with patients and their relatives) may be missing
and others (eg, nonverbal cues and nuanced interpersonal
behaviors) are often not as effectively captured in virtual
environments. To address this, the vTPOT has been developed,
but further validation will be necessary to confirm its reliability
and validity in virtual settings. In addition, the need for
evaluators to accurately observe and assess participant actions
in a VR scenario poses a challenge. Ensuring a clear and
comprehensive view of participant behaviors, both in real-time
and via recordings, will be crucial for the consistent and
objective application of the vTPOT. Finally, recruiting
participants could prove challenging, as the curricula of the
different study programs vary significantly and include shift
work during practical placements.

Future Implications
To address some of the study’s limitations, future research could
incorporate a control group receiving traditional team training
or no intervention, allowing for a more rigorous comparison of
the effectiveness of VR-based training. A multicenter approach
could also increase the generalizability of the findings by
including participants from different educational institutions
and health care settings. Moreover, future studies could explore
the integration of more sophisticated haptic devices and natural
language processing to enhance the realism of the VR
environment and better capture the full range of teamwork
behaviors. As VR technology continues to advance, it will be
essential to continuously refine the tools used for teamwork
assessment to ensure they remain aligned with the evolving
capabilities of the technology.

Acknowledgments
No generative artificial intelligence was used in the writing of this manuscript.

Data Availability
The datasets generated during and analyzed during this study will be available from the corresponding author on reasonable
request.

Authors' Contributions
ML contributed to the conceptualization and will conduct the investigation and data curation. JM contributed to the conceptualization
of the study and is involved in the recruitment of nursing participants. HP serves as the TeamSTEPPS expert, responsible for the
adaptation of the questionnaires and the training of additional study personnel as raters. JB assisted in conceptualization of the
study and will perform statistical analysis. SK also contributed to the conceptualization and participated in the writing, review,

JMIR Res Protoc 2025 | vol. 14 | e68705 | p. 7https://www.researchprotocols.org/2025/1/e68705
(page number not for citation purposes)

Lehmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and editing of the manuscript. TM was responsible for the conceptualization of the study, funding acquisition, supervision of the
execution and data analysis, and writing the original draft for this research protocol.

Conflicts of Interest
TM was involved in the software development process of STEP-VR.

Multimedia Appendix 1
Medical actions to be performed during the virtual reality scenarios.
[DOCX File , 16 KB-Multimedia Appendix 1]

References

1. Hall P, Weaver L. Interdisciplinary education and teamwork: a long and winding road. Med Educ. 2001;35(9):867-875.
[doi: 10.1046/j.1365-2923.2001.00919.x] [Medline: 11555225]

2. Rosen MA, DiazGranados D, Dietz AS, Benishek LE, Thompson D, Pronovost PJ, et al. Teamwork in healthcare: key
discoveries enabling safer, high-quality care. Am Psychol. 2018;73(4):433-450. [FREE Full text] [doi: 10.1037/amp0000298]
[Medline: 29792459]

3. Gross B, Rusin L, Kiesewetter J, Zottmann JM, Fischer MR, Prückner S, et al. Crew resource management training in
healthcare: a systematic review of intervention design, training conditions and evaluation. BMJ Open. 2019;9(2):e025247.
[FREE Full text] [doi: 10.1136/bmjopen-2018-025247] [Medline: 30826798]

4. Weaver SJ, Lyons R, DiazGranados D, Rosen MA, Salas E, Oglesby J, et al. The anatomy of health care team training and
the state of practice: a critical review. Acad Med. 2010;85(11):1746-1760. [doi: 10.1097/ACM.0b013e3181f2e907] [Medline:
20841989]

5. van de Ven J, van Baaren GJ, Fransen AF, van Runnard Heimel PJ, Mol BW, Oei SG. Cost-effectiveness of simulation-based
team training in obstetric emergencies (TOSTI study). Eur J Obstet Gynecol Reprod Biol. Sep 2017;216:130-137. [doi:
10.1016/j.ejogrb.2017.07.027] [Medline: 28763738]

6. Block L, Lalley A, LaVine NA, Coletti DJ, Conigliaro J, Achuonjei J, et al. The financial cost of interprofessional ambulatory
training: what's the bottom line? J Grad Med Educ. Feb 2021;13(1):108-112. [FREE Full text] [doi:
10.4300/JGME-D-20-00389.1] [Medline: 33680309]

7. Abbas JR, Chu MM, Jeyarajah C, Isba R, Payton A, McGrath B, et al. Virtual reality in simulation-based emergency skills
training: a systematic review with a narrative synthesis. Resusc Plus. Dec 2023;16:100484. [FREE Full text] [doi:
10.1016/j.resplu.2023.100484] [Medline: 37920857]

8. Moll-Khosrawi P, Falb A, Pinnschmidt H, Zöllner C, Issleib M. Virtual reality as a teaching method for resuscitation
training in undergraduate first year medical students during COVID-19 pandemic: a randomised controlled trial. BMC Med
Educ. Jun 22, 2022;22(1):483. [FREE Full text] [doi: 10.1186/s12909-022-03533-1] [Medline: 35733135]

9. Mühling T, Schreiner V, Appel M, Leutritz T, König S. Comparing virtual reality-based and traditional physical Objective
Structured Clinical Examination (OSCE) stations for clinical competency assessments: randomized controlled trial. J Med
Internet Res. 2025;27:e55066. [FREE Full text] [doi: 10.2196/55066] [Medline: 39793025]

10. Keicher F, Backhaus J, König S, Mühling T. Virtual reality for assessing emergency medical competencies in junior doctors
- a pilot study. Int J Emerg Med. Sep 27, 2024;17(1):125. [FREE Full text] [doi: 10.1186/s12245-024-00721-2] [Medline:
39333858]

11. Chang TP, Hollinger T, Dolby T, Sherman JM. Development and considerations for virtual reality simulations for resuscitation
training and stress inoculation. Simul Healthc. 2021;16(6):e219-e226. [doi: 10.1097/SIH.0000000000000521] [Medline:
33273419]

12. Marlow S, Bisbey T, Lacerenza C, Salas E. Performance measures for health care teams: a review. Small Group Research.
2018;49(3):306-356. [doi: 10.1177/1046496417748196]

13. Boet S, Etherington C, Larrigan S, Yin L, Khan H, Sullivan K, et al. Measuring the teamwork performance of teams in
crisis situations: a systematic review of assessment tools and their measurement properties. BMJ Qual Saf. Apr
2019;28(4):327-337. [doi: 10.1136/bmjqs-2018-008260] [Medline: 30309910]

14. Moore N, Ahmadpour N, Brown M, Poronnik P, Davids J. Designing virtual reality-based conversational agents to train
clinicians in verbal de-escalation skills: exploratory usability study. JMIR Serious Games. 2022;10(3):e38669. [FREE Full
text] [doi: 10.2196/38669] [Medline: 35793129]

15. Mahling M, Wunderlich R, Steiner D, Gorgati E, Festl-Wietek T, Herrmann-Werner A. Virtual reality for emergency
medicine training in medical school: prospective, large-cohort implementation study. J Med Internet Res. 2023;25:e43649.
[FREE Full text] [doi: 10.2196/43649] [Medline: 36867440]

16. Mühling T, Späth I, Backhaus J, Milke N, Oberdörfer S, Meining A, et al. Virtual reality in medical emergencies training:
benefits, perceived stress, and learning success. Multimedia Systems. 2023;29(4):2239-2252. [doi:
10.1007/s00530-023-01102-0]

JMIR Res Protoc 2025 | vol. 14 | e68705 | p. 8https://www.researchprotocols.org/2025/1/e68705
(page number not for citation purposes)

Lehmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v14i1e68705_app1.docx&filename=9c1a0d71de8f2147de01545a1ccbd2b0.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e68705_app1.docx&filename=9c1a0d71de8f2147de01545a1ccbd2b0.docx
http://dx.doi.org/10.1046/j.1365-2923.2001.00919.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11555225&dopt=Abstract
https://europepmc.org/abstract/MED/29792459
http://dx.doi.org/10.1037/amp0000298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29792459&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30826798
http://dx.doi.org/10.1136/bmjopen-2018-025247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826798&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0b013e3181f2e907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20841989&dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2017.07.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28763738&dopt=Abstract
https://europepmc.org/abstract/MED/33680309
http://dx.doi.org/10.4300/JGME-D-20-00389.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33680309&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5204(23)00127-3
http://dx.doi.org/10.1016/j.resplu.2023.100484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37920857&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-022-03533-1
http://dx.doi.org/10.1186/s12909-022-03533-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35733135&dopt=Abstract
https://www.jmir.org/2025//e55066/
http://dx.doi.org/10.2196/55066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39793025&dopt=Abstract
https://doi.org/10.1186/s12245-024-00721-2
http://dx.doi.org/10.1186/s12245-024-00721-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39333858&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33273419&dopt=Abstract
http://dx.doi.org/10.1177/1046496417748196
http://dx.doi.org/10.1136/bmjqs-2018-008260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30309910&dopt=Abstract
https://games.jmir.org/2022/3/e38669/
https://games.jmir.org/2022/3/e38669/
http://dx.doi.org/10.2196/38669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35793129&dopt=Abstract
https://www.jmir.org/2023//e43649/
http://dx.doi.org/10.2196/43649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36867440&dopt=Abstract
http://dx.doi.org/10.1007/s00530-023-01102-0
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. King HB, Battles J, Baker DP, Alonso A, Salas E, Webster J, et al. Advances in Patient Safety: New Directions and
Alternative Approaches (Vol. 3: Performance and Tools): TeamSTEPPS™: Team Strategies and Tools to Enhance
Performance and Patient Safety. Rockville, MD. Agency for Healthcare Research and Quality; 2008.

18. Zhang C, Miller C, Volkman K, Meza J, Jones K. Evaluation of the team performance observation tool with targeted
behavioral markers in simulation-based interprofessional education. J Interprof Care. May 2015;29(3):202-208. [doi:
10.3109/13561820.2014.982789] [Medline: 25421454]

19. Soghikian S, Chipman M, Holmes J, Calhoun A, Mallory L. Assessing team performance in a longitudinal neonatal
resuscitation simulation training program: comparing validity evidence to select the best tool. Cureus. 2024;16(9):e68810.
[doi: 10.7759/cureus.68810] [Medline: 39371693]

20. Peltonen J, Leino-Kilpi H, Heikkilä H, Rautava P, Tuomela K, Siekkinen M, et al. Instruments measuring interprofessional
collaboration in healthcare - a scoping review. J Interprof Care. 2020;34(2):147-161. [FREE Full text] [doi:
10.1080/13561820.2019.1637336] [Medline: 31331216]

21. Nasa P, Jain R, Juneja D. Delphi methodology in healthcare research: how to decide its appropriateness. World J Methodol.
Jul 20, 2021;11(4):116-129. [FREE Full text] [doi: 10.5662/wjm.v11.i4.116] [Medline: 34322364]

22. Rickenbacher-Frey S, Adam S, Exadaktylos AK, Müller M, Sauter TC, Birrenbach T. Development and evaluation of a
virtual reality training for emergency treatment of shortness of breath based on frameworks for serious games. GMS J Med
Educ. 2023;40(2):Doc16. [FREE Full text] [doi: 10.3205/zma001598] [Medline: 37361243]

23. Götz M, Anders M, Biecker E, Bojarski C, Braun G, Brechmann T, Deutsche Gesellschaft für Gastroenterologie, Verdauungs-
und Stoffwechselkrankheiten (DGVS) (federführend), Deutschen Morbus Crohn und Colitis ulcerosa Vereinigung (DCCV),
Deutsche Röntgengesellschaft (DRG), Deutsche Gesellschaft für interventionelle Radiologie (DeGiR), Deutsche Gesellschaft
für Allgemein- und Viszeralchirurgie (DGAV) und Chirurgische Arbeitsgemeinschaft für Endoskopie und Sonographie
(CAES) der DGAV, Deutsche Gesellschaft für Internistische Intensivmedizin (DGIIN), Deutsche Gesellschaft für Innere
Medizin (DGIM), Deutsche Gesellschaft für Kardiologie (DGK), Akademie für Ethik in der Medizin (AEM), Gesellschaft
für Thrombose- und Hämostaseforschung (GTH), et al. Collaborators:. [S2k Guideline Gastrointestinal Bleeding - Guideline
of the German Society of Gastroenterology DGVS]. Z Gastroenterol. 2017;55(9):883-936. [FREE Full text] [doi:
10.1055/s-0043-116856] [Medline: 29186643]

24. Vogelmeier C, Buhl R, Burghuber O, Criée C, Ewig S, Godnic-Cvar J, unter Mitwirkung der folgenden wissenschaftlichen
Fachgesellschaften: Deutsche Gesellschaft für Arbeitsmedizin und Umweltmedizin e.V., et al. Deutsche Gesellschaft für
Rehabilitationswissenschaften e.V.. [Guideline for the Diagnosis and Treatment of COPD Patients - Issued by the German
Respiratory Society and the German Atemwegsliga in Cooperation with the Austrian Society of Pneumology]. Pneumologie.
2018;72(4):253-308. [FREE Full text] [doi: 10.1055/s-0043-125031] [Medline: 29523017]

25. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C, et al. ESC Scientific Document Group. 2020
ESC Guidelines for the Diagnosis and Management of Atrial Fibrillation Developed in Collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the Diagnosis and Management of Atrial Fibrillation
of the European Society of Cardiology (ESC) Developed with the Special Contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur Heart J. 2021;42(5):373-498. [doi: 10.1093/eurheartj/ehaa612] [Medline: 32860505]

Abbreviations
HMD: head-mounted display
TPOT: Team Performance Observation Tool
T-TPQ: Teamwork Perceptions Questionnaire
VR: virtual reality
vTPOT: adapted version of the TPOT

Edited by A Schwartz, J Sarvestan; submitted 12.11.24; peer-reviewed by A Duncan, A Arbabisarjou; comments to author 31.01.25;
revised version received 11.02.25; accepted 19.03.25; published 27.05.25

Please cite as:
Lehmann M, Mikulasch J, Poimann H, Backhaus J, König S, Mühling T
Training and Assessing Teamwork in Interprofessional Virtual Reality–Based Simulation Using the TeamSTEPPS Framework: Protocol
for Randomized Pre-Post Intervention Study
JMIR Res Protoc 2025;14:e68705
URL: https://www.researchprotocols.org/2025/1/e68705
doi: 10.2196/68705
PMID:

JMIR Res Protoc 2025 | vol. 14 | e68705 | p. 9https://www.researchprotocols.org/2025/1/e68705
(page number not for citation purposes)

Lehmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.3109/13561820.2014.982789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25421454&dopt=Abstract
http://dx.doi.org/10.7759/cureus.68810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39371693&dopt=Abstract
https://urn.fi/URN:NBN:fi-fe2021042826576
http://dx.doi.org/10.1080/13561820.2019.1637336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31331216&dopt=Abstract
https://www.wjgnet.com/2222-0682/full/v11/i4/116.htm
http://dx.doi.org/10.5662/wjm.v11.i4.116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34322364&dopt=Abstract
https://boris.unibe.ch/id/eprint/184156
http://dx.doi.org/10.3205/zma001598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37361243&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0043-116856
http://dx.doi.org/10.1055/s-0043-116856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29186643&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0043-125031
http://dx.doi.org/10.1055/s-0043-125031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29523017&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehaa612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32860505&dopt=Abstract
https://www.researchprotocols.org/2025/1/e68705
http://dx.doi.org/10.2196/68705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Marie Lehmann, Jan Mikulasch, Horst Poimann, Joy Backhaus, Sarah König, Tobias Mühling. Originally published in JMIR
Research Protocols (https://www.researchprotocols.org), 27.05.2025. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly
cited. The complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well
as this copyright and license information must be included.

JMIR Res Protoc 2025 | vol. 14 | e68705 | p. 10https://www.researchprotocols.org/2025/1/e68705
(page number not for citation purposes)

Lehmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

