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AIM: This study aimed to evaluate the effect of a
team training program to support shared mental
model (SMM) development in interprofessional
rounds.
DESIGN AND PARTICIPANTS: A three-arm randomized
controlled trial study was conducted for interprofessional
teams of 207 health profession learners who were ran-
domized into three groups.
PROGRAM DESCRIPTION: The full team training pro-
gram included a didactic training part on cognitive
tools and a virtual simulation to support clinical team-
work in interprofessional round. Group 1 was assigned
to the full program, group 2 to the didactic part, and
group 3 (control group) with no intervention. The main
outcome measure was team performance in full scale
simulation. Secondary outcome was interprofessional
attitudes.
PROGRAM EVALUATION: Teamwork performance and
interprofessional attitude scores of the full intervention
group were significantly higher (P < 0.05) than those of
the control group. The two intervention groups had
significantly higher (P < 0.05) attitude scores on inter-
professional teamwork compared with the control
group.
DISCUSSION: Our study indicates the need of both
cognitive tools and experiential learning modalities to
foster SMM development for the delivery of optimal
clinical teamwork performances. Given its scalability
and practicality, we anticipate a greater role for vir-
tual simulations to support interprofessional team
training.
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INTRODUCTION

There is an increasing focus on the development of team
training program that foster effective teamwork behaviors,
including communication, coordination, and collaboration, to
enhance team-based care in healthcare settings.1 The concept
of the shared mental model (SMM) has been acknowledged as
an important aspect of successful teamwork and collaboration
in healthcare.2 Floren (2018) defined the SMM as “an indi-
vidually held, organized, cognitive representation of task-
related knowledge and/or team-related knowledge that is held
in common among healthcare providers who must interact as a
team in the pursuit of common objectives for patient care.”3

Team training using simulation has been identified as a
potentially powerful tool to facilitate the development of
SMMs within interprofessional teams. The use of simulation
to facilitate the practice of cognitive tools such as checklists
and reminders has been shown to support the development of
SMMs.4 However, logistical issues in organizing simulation
training have proven challenging, particularly among pre-
registration healthcare students who are often trained in dif-
ferent institutions. With advances in learning technology, vir-
tual environments can provide a viable and innovative plat-
form for team-based simulation training.5

As part of an interprofessional education initiative for diverse
health professions learners, a group of academic staff and
educational technologies from four higher educational institu-
tions developed a team training program. The program included
didactic training on cognitive tools and virtual simulations to
support SMM development on clinical teamwork in interpro-
fessional rounds. A technopreneur company supported the de-
velopment of virtual simulation using the Unity 5 games engine
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(Unity Technologies, San Francisco, CA), which was piloted
and improved based on the learners’ evaluation.6

This study aimed to evaluate the effect of a team
training program to support shared mental model
(SMM) development in interprofessional rounds. The
relationship between team performance and SMMs has
been empirically supported in previous studies; teams
holding more similar SMMs have been shown to have
positively related better team performance.7, 8 Thus, in
this study, we evaluated team performance in full scale
simulation as the main outcome measure. In contrast to
didactic training, virtual simulation training requires
more resources and is complex to deliver and sustain.
As such, there is a need to justify whether this educa-
tional intervention that facilitates SMM development
through experiential learning can lead to better learning
outcomes. Therefore, in this study, we also evaluated the
effectiveness of virtual simulation as a supplement to
didactic training.

STUDY DESIGNS, SETTING, AND PARTICIPANTS

A three-arm randomized controlled trial consisting of two
intervention groups and a control group was employed in
this study. This design allowed an evaluation of the
effectiveness of team training program by comparing
with the control group and enabled the comparison of
two intervention groups to evaluate the effectiveness of
virtual simulation training. After receiving approval from
institutional review boards, 207 healthcare students un-
dertaking healthcare courses in three tertiary educational
institutions were recruited and assigned into interprofes-
sional teams of five to six healthcare students from
different healthcare courses (medicine, nursing, pharma-
cy, physiotherapy, occupational therapy, and medical so-
cial work). The 40 interprofessional teams were random-
ized into the following groups: (1) full intervention team
training program, (2) didactic-only training on cognitive
tools, and (3) a control group with no intervention. After
completion of the study evaluation, the didactic-only
group received virtual simulation training whereas the
control group received the full intervention.

PROGRAM DESCRIPTION

Didactic Training on Cognitive Tools

Didactic training part of the team training program focused on
the acquisition of cognitive tools that can be applied during
interprofessional rounds. Using a computer setup at a univer-
sity simulation center, participants were directed to an asyn-
chronous online video for about half an hour. As shown in
Figure 1, the team cognitive tools included (1) Identity, Situ-
ation, Background, Assessment and Recommendation

(ISBAR) communication tool, adopted and modified from
the “In Safe hands” program,9 which spelled out the roles of
each teammember as well as the sequence and nature of inputs
to be used for communicating with patients, their families, and
other team members and (2) biopsychosocial model of health,
which covers the medical, functional, psychological, and so-
cial dimensions of illness,10 to facilitate interprofessional team
planning of an actionable comprehensive care plan.

Virtual Simulation

In addition to receiving didactic training on cognitive tools,
participants from the full intervention group underwent
virtual simulation training. Each participant logged onto
the virtual platform and assumed the avatar representing
the respective profession to participate in real-time inter-
professional rounds with other team members. In the first
scenario involving bedside round, the interprofessional
team was expected to apply the cognitive tools to render
team care for an elderly post-operative patient (Mr. Jin)
who presented with pain and fever on the 3rd post-
operative day. The second scenario involved a family con-
ference to discuss the discharge plan for Mr. Jin with his
family. Each scenario ended with a debrief session. Facil-
itated by a healthcare clinician or faculty staff, the partic-
ipants reflected on their virtual simulation experiences and
the application of the cognitive tools during the debriefing
sessions. The entire virtual team training took about 2 h.

PROGRAM EVALUATION

Data Collection and Instrument

All participants from both intervention groups undertook
team-based simulation assessments on interprofessional bed-
side rounds immediately after the study interventions whereas
the control group underwent the simulation assessment before
receiving the study interventions. The simulation assessment
lasted about 15 min and required the teams to perform inter-
professional bedside rounds of a simulated patient with phys-
ical and psychosocial issues. Recordings of the simulation
process were sent to two raters who were blinded to the
grouping and independently scored the team performances
using a validated rating scale developed by the research team
(see supplementary material).
The development of the rating scale was informed by

literature related to relevant teamwork instruments.11, 12 A
total of 14 checklist items using 3-point scale (0 = behavior
was not observed; 1 = behavior was doubtful or inconsis-
tent; 2 = behavior was clearly observed) were constructed
using observable teamwork and collaborative behaviors
during interprofessional rounds. A global rating item (on
a scale of 1 to 10) was also included to allow an overall
rating of team performance. The content validity of the tool
was established by an interprofessional team of five
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academics and clinicians with background in nursing,
physiotherapy, geriatric medicine, and medical education.
Inter-rater reliability was tested across two raters, who
independently scored ten video-recorded team perfor-
mances, and yielded a high intraclass correlation coeffi-
cient (ICC) of 0.95 (95% confidence interval ranges be-
tween 0.93 and 0.96). Internal consistency, which was
computed based on the rating of 40 video-recorded team
performances, was good with a Cronbach’s alpha of 0.78.

Prior to the simulation assessments, participants completed
questionnaires to evaluate their attitudes towards interprofes-
sional team care. These include the 14-item Attitudes Towards
Interprofessional Health Care Teams (ATIHCT) and the 24-
item Interprofessional Socialization and Valuing Scale (ISVS).
Consistent with the robust psychometrics properties of
ATIHCT and ISVS reported in earlier studies,13, 14 our study
showed high internal consistency (Cronbach’s alpha 0.82 and
0.95 respectively),
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Figure 1 Cognitive tools and virtual simulation.
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DATA ANALYSIS

Descriptive statistics and a univariate analysis were used to
analyze the characteristics of the study population. A one-way
analysis of variance (ANOVA) or Kruskal-Wallis test was
performed to determine differences between the three arms
in teamwork performance and attitudes scores.

RESULTS

Two hundred seven (n = 207) healthcare students participated
in the interprofessional team training. Most were female
(65.2%) and undertaking a degree course (71%). There were
no significant differences in demographic characteristics
among the three groups, including age (P = 0.63), gender
(P = 0.81), type of qualification (P = 0.77), and type of
healthcare course (P = 0.19), supporting post-randomization
homogeneity among the groups.
The Kruskal-Wallis test revealed a significant difference for

team performance (H(2,37) = 11.1, P < 0.05, η2 = 0.29) be-
tween the three groups. As shown in Figure 2, pairwise com-
parison indicated that team performance of the full interven-
tion group was significantly higher than the control group
(M = 28.93 (SD 4.58) vs M = 24.15 (SD 3.63), P < 0.05).
There were no significant differences between the didactic-
only and control groups (M = 27.38 (SD 3.69) vs M = 24.15
(SD 3.63), P = 0.08) or between the full intervention and
didactic groups (M = 28.93 (SD 4.58) vs M = 27.38 (SD
3.69), P = 0.96).
With regard to interprofessional attitudes, one-way ANOVA

revealed a significant difference in the ISVS (F(2,205) = 34.64,
P < 0.001, η2 = 0.25) and ATIHCT (F(2,166) = 6.04, P < 0.01,
η2 = 0.07) scores between the three groups. Post hoc compar-
ison indicated that both the full intervention and didactic

training groups had significantly higher ISVS (P < 0.001) and
ATIHCT (P < 0.05) mean scores than the control group. There
was no significant difference between the full intervention and
didactic-only groups for the ISVS (M = 139.8 (SD 14.2) vs
M = 137.0 (SD 12.6), P = 0.77) and ATIHCT (M = 58.55 (SD
6.07) vs M = 58.63 (SD 5.74), P = 1.00).

DISCUSSION

Our paper contributes to the burgeoning literature of interpro-
fessional team-based care delivery by describing and evaluat-
ing an innovative team training intervention to support SMM
development in interprofessional rounds. Our findings show
that there was a significant effect on team performance when
comparing between full intervention and control groups, in
contrast to the lack of effectiveness of didactic-only training
on team performance compared with the control group. These
findings raise questions regarding the effectiveness of the
acquisition of SMMs through a single educational intervention
using only didactic method and suggest the critical role of
experiential learning modalities such as simulation in the
development and application of SMMs to improve team per-
formance. Our findings support an earlier review that recom-
mended the use of team training interventions that pair learn-
ing activities and practices with tools to optimize clinical
teamwork.1 Congruent with other simulation-based team
training programs,15, 16 our findings support the use of simu-
lation to provide opportunities for the interprofessional team to
work together and practice the use of cognitive tools to build a
shared understanding of team roles and tasks.
This study uniquely addressed logistical challenges on the

use of simulation for collaborative learning in interprofession-
al team care delivery. To our knowledge, this is the first study
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Figure 2 Comparisons of team performance mean scores between groups.

2915Liaw et al.: Team Training on Interprofessional RoundsJGIM



in interprofessional education within the healthcare setting that
focused on the development of SMMs using virtual simula-
tions. In this study, our virtual simulation training afforded the
experiential learning approach commonly applied in physical
simulation. It provided opportunities for different team mem-
bers to simultaneously apply and practice the use of cognitive
tools in interprofessional round scenarios, thus strengthening
the formation of SMMs. In addition, the cognitive tools were
incorporated into the debriefing process to guide facilitators in
providing feedback to the learners, a critical step in maximizing
the development of SMMs.17 Given its practicality, flexibility,
and potential for scalability, virtual simulation training confers
practical advantages over existing modalities of simulation for
training large groups of learners across different institutions.5

Even though full intervention showed superiority to control
group on team performance while the didactic-only interven-
tion did not, full intervention was not shown to be superior to
the didactic-only intervention on team performance and atti-
tudes towards interprofessional collaboration. Possible rea-
sons include an underpowered study to detect statistical sig-
nificance for post hoc comparison between full versus
didactic-only intervention, and the lack of discriminatory abil-
ity of the team performance rating scale to detect differences of
a smaller magnitude. Nevertheless, the lack of substantial
differences between these two interventions may suggest the
potential role of didactic training in supporting development of
SMMs in interprofessional education. Thus, our findings lend
indirect support to the suggestion by Hobgood et al. that
institutions with limited resources for implementing simula-
tions should not be deterred from delivering teamwork train-
ing using other more conventional educational modalities.18

In contrast to the findings on team performance, our findings
provide evidence on the effectiveness of didactic-only training
on the attitudes of interprofessional collaboration. A possible
explanation for these contrasting outcomes could be the use of
self-reported attitudes questionnaires that may be subjected to
social desirability. Although a rigorous outcome measure using
simulation-based team performance assessments was employed
for this study, it was limited to immediate post-intervention
evaluations. Thus, future studies should adopt a longitudinal
design to evaluate the retention and transfer of learning or even
the impact of the intervention on healthcare delivery and patient
care. Finally, by evaluating the team effectiveness, our study is
limited by the indirect measurement of SMMs. The challenges
of measuring SMMs are well documented.3

CONCLUSION

With the application of SMM constructs, we developed and
evaluated a team training program using didactic training on
cognitive tools and virtual simulations to support clinical
teamwork in interprofessional rounds. Our findings not only
highlighted the use of these bundled educational interventions
but also the critical role of experiential modality to foster the

development of SMMs for effective performance outcomes.
Team training among diverse healthcare students from differ-
ent institutions was made possible with virtual simulations.
Moving forward, we anticipate a greater role of virtual simu-
lation in interprofessional team training to prepare a future
collaborative-ready workforce.
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