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Abstract

Introduction: Simulation has been effective for changing attitudes towards team-based competencies
in many areas, but its role in teaching interprofessional collaboration (IPC) in radiation medicine (RM) is
unknown. This study reports on feasibility and IPC outcomes of a team-based simulation event; ‘Radiation
Medicine Simulation in Learning Interprofessional Collaborative Experience’ (RM SLICE).

Methods: Radiation therapy (RTT), medical physics (MP) and radiation oncology (RO) trainees in a single academic
department were eligible. Scheduled closure of a modern RM clinic allowed rotation of five high-fidelity cases in
three 105-minute timeslots. A pre/post-survey design evaluated learner satisfaction and interprofessional
perceptions. Scales included the Readiness for Interprofessional Learning Scale (RIPLS), UWE Entry Level
Interprofessional Questionnaire (UWEIQ), Trainee Test of TeamDynamics and Collaborative Behaviours Scale (CBS).

Results: Twenty-one trainees participated; six ROs (28·57%), six MPs (28·57%) and nine RTTs (42·86%). All
cases were conducted, resolved and debriefed within the allotted time. Twenty-one complete sets (100%) of
evaluations were returned. Participants reported limited interaction with other professional groups before
RM SLICE. Perceptions of team functioning and value of team interaction in ‘establishing or improving the
care plan’ were high for all cases, averaging 8·1/10 and 8·9/10. Average CBS scores were 70·4, 71·9 and 69·5,
for the three cases, scores increasing between the first and second case for 13/21 (61·9%) participants.
RIPLS and UWEIQ scores reflected positive perceptions both pre- and post-event, averaging 83·5 and 85·2
(RIPLS) and 60·6 and 55·7 (UWEIQ), respectively. For all professions for both scales, the average change in
score reflected improved IP perceptions, with agreement between scales for 15/20 (75·0%) participants.
Overall, perception of IPC averaged 9·14/10, as did the importance of holding such an event annually.

Conclusions: Team-based simulation is feasible in RM and appears to facilitate interprofessional competency-
building in high-acuity clinical situations, reflecting positive perceptions of IPC.
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INTRODUCTION

Interprofessional collaboration (IPC) is increasingly
being recognized in medical trainee competency
profiles, yet it is difficult to teach in the clinical
environment.1,2 Teaching IPC is particularly
challenging in radiation medicine (RM).3 While
RM is inherently interprofessional, IPC in RM is
often disparate in time and location, with multiple
decisions and handoffs occurring virtually through
asynchronous electronic communications and
discrete but interdependent tasks. The key profes-
sions involved in the delivery of RM care
are: radiation oncologists (RO) who determine
the need for, prescribe, and monitor radiation
treatment; radiation therapists (RTT) who plan
radiation dose distributions and deliver treatment;
and medical physicists (MP) who develop tech-
nology and ensure its safe and accurate use.4 The
importance of learning and practising collabora-
tively has been acknowledged,4–7 but strategies for
fostering IPC in RM are lacking, as are objective
measures of the impact on professionals, practice
and patients.

Simulation has been effective for changing
attitudes and behaviours towards team-based
competencies in surgery, obstetrics and emer-
gency medicine.8–11 While the role of simulation
in teaching IPC in RM is largely unknown, its
potential to provide learning opportunities
where direct engagement between professionals
can be infrequent and ad hoc, is appealing.3

By focusing on active participation of learners
and interprofessional team-building, case-based
simulation can harness the common goal of
efficient and safe patient-centred care to address
interprofessional competencies.12,13

In one of few published reports on inter-
professional education (IPE) in RM, interactive
IPE exercises were found to lead to common
clinical terminology, better consideration of
professional perspectives and knowledge, and
enhanced communication.3 These benefits con-
stitute lower-level outcomes in Barr’s model of
interprofessional learner outcomes.3,14 Higher
order outcomes not yet assessed in RM include
behavioural and practice changes, and ultimately
improved patient outcomes. With recent media
attention,15,16 and study of RM practice and

medical error,17,18 the value of collaboration for
safe and quality care of patients cannot be over-
emphasized. Evaluation must be undertaken
using appropriate and comprehensive tools to
assess the value to the learner, to practice and
ultimately to the patient.19

The purpose of this study was to report on lear-
ner satisfaction and on changes in interprofessional
perceptions using a high-fidelity, interprofessional
team-based simulation event, nicknamed ‘Radia-
tion Medicine Simulation in Learning Interprofes-
sional Collaborative Experience’ (RM SLICE).

METHODS

Study population and recruitment
Trainees enrolled in RM programmes within a
single academic department were eligible to
participate. These represented RTT students and
MP and RO residents, placed at affiliated clinical
sites. All RO and MP trainees were considered
for inclusion, regardless of their seniority within
their respective programmes. Due to restrictions
in their clinical curriculum, only RTTs in their
final (third) year were invited to participate.

All eligible trainees (n = 67), were approached
by email 2 weeks before the RM SLICE event.
Those interested in participating were registered.
Written consent was sought at the time of the
event. Trainees were assigned to one of four
interprofessional groups, with attention paid to a
balance of profession, clinical site affiliation, and
year of study. Approval from the local Research
Ethics Board was sought before recruitment.

Event planning and delivery
A scheduled clinic closure of a modern RM
department provided a high-fidelity environ-
ment in which to run simulations. An event
schedule was developed to accommodate three
105 min timeslots, rotating teams through a series
of three of five clinical case scenarios. Additional
time was allotted for orientation, breaks, evalua-
tion and debriefs.

The interprofessional research team, consisting
of RTT, RO and MP educators, developed case
scenarios that reflected unique situations that
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would ideally require engagement of all three
professions. Two of these incorporated standar-
dized patients, which are healthy persons trained
to portray patients’ physical and emotional
characteristics, according to a planned scenario.
For the purposes of this event, they were hired
from the affiliated university’s Standardized
Patient Programme.

Each group was assigned a group facilitator,
who was either a staff RO or staff RTT from an
affiliated clinical site. Simulations were run by the
case facilitator who developed the case. At the
start of each case, a summary of relevant back-
ground information was presented for group
discussion, and teams would engage, as necessary,
with the case’s patient, technological infra-
structure and information. Upon resolution of
the case, a debrief would be conducted with the
case facilitator, and research evaluations (not
performance evaluations) would be completed.

Evaluation
A pre/post-survey design was used for evalua-
tion, with participant pre-event, post-case and
post-event surveys. Items included demographic,
feasibility and satisfaction domains, and existing
validated interprofessional scales. All evaluations
were paper-based and anonymous, with a simple
coding system used to match submissions.

Four complementary IPE instruments were
used for evaluation. These were selected for
validity, reliability and the ability to assess the lower
levels of Barr/Kirkpatrick’s hierarchy of learner
outcomes (satisfaction with IPE and change in
perception of interprofessionalism):14,19

∙ Readiness for Interprofessional Learning
Scale (RIPLS)19,20

∙ UWE Entry Level Interprofessional Ques-
tionnaire (UWEIQ)21

∙ Trainee Test of Team Dynamics (TTTD)22

∙ Collaborative Behaviours Scale (CBS)23

RIPLS and UWEIQ focused on perceived
value of IPE and IPC, and were implemented as
part of the pre- and post-event surveys. RIPLS is a
19-item, four subscale instrument assessed on a
five-point Likert scale, with a higher score

reflecting more positive attitudes and perceptions
relating to teamwork, professional identity, and
roles and responsibilities (Cronbach’s α = 0·8724).20

Subscales addressed teamwork and collaboration,
negative professional identity, positive professional
identity, and roles and responsibilities. Published
literature has shown a score of 71·5 to be average for
baccalaureate level health professional trainees. As
per discussion of the potential value of reverse
scoring two items (‘I am not sure what my profes-
sional role will be/is’, and ‘I have to acquire much
more knowledge and skill than other trainees in
my own department’),24 this modification was
made in RIPLS scoring in this investigation.
UWEIQ is a 27-item instrument with 3 subscales
assessed on a four- or five-point Likert scale
(Cronach’s α = 0·71).21 The Likert scale is reversed
as compared to the RIPLS scale, with lower scores
reflecting better communication and teamwork,
IP learning, and IP interactions, as per the
three subscales. Scores of 9–20, 9–22 and 9–22 for
respective subscales would indicate positive
attitudes.

TTTD and CBS scales measured perceptions
of team functioning and impact on case outcome,
based on a given situation. These were incorpo-
rated into post-case surveys. TTTD combines
qualitative and quantitative measures, assessed
against gold standard responses.22 For the pur-
poses of this investigation, only quantitative
items, assessed on a ten-point Likert scale, were
employed. As a whole, the instrument is designed
to assess trainees’ ability to recognize and respond
to team behaviours and to meet a patient’s needs.
CBS is a 20-item, four-point Likert scale instru-
ment (Cronbach’s α = 0·76–0·9725,26), used to
assess collaborative behaviours with respect to an
identified situation. A higher total score would
reflect a more collaborative relationship, with a
cut-off score of 50 below which a lack of colla-
boration is considered to exist.23,27

Wording of some items within the scales was
modified to suit the RM environment and con-
text of the event.

Analysis
Data were reported using descriptive statistics.
Outcome measures to determine feasibility were
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determined a priori. These included that the
event be run with 16–28 trainees (four to seven
per group), that all scenarios be completed and
resolved within the 105-minute allotted time,
that all evaluations be completed, and that
participants be satisfied with the event. Satisfac-
tion was determined to be an average score of
>7/10 on evaluation items relating to perceived
value of the event.

RESULTS

Participation and feasibility
Twenty-one trainees participated, with six ROs
(28·57%), six MPs (28·57%) and nine RTTs
(42·86%), representing five clinical sites. All
RTTs were in their final year of their under-
graduate programme and four MPs (66·7%) were
in their final year of residency. Of the ROs, three
(50%) were in their third year of residency, with
others being more junior. Fifteen trainees were
male (71·4%) and six were female (28·6%). This
represented a slightly higher representation of
male trainees as compared with the broader trai-
nee population, primarily in the RTT group.

All cases were conducted within the 105-
minute allotted time. In each instance, a decision
or resolution was achieved by the group within
that time, and a debrief was held with the facil-
itators. In the cases where a standardized patient
was involved, the patient participated in the
debrief. Twenty-one pre-event and post-event
evaluations were returned (100%), as well as 21
post-case evaluations (100%) for each case.
Insight regarding the development of the event,
including resource requirements and program-
matic outputs, is reported elsewhere.28

Pre-event perceptions
Participants perceived themselves as having lim-
ited interaction with trainees and staff of the
other professional groups before RM SLICE.
Half of the ROs (3/6) and MPs (3/6) believed
they interacted frequently with RTT staff, and
there was some interaction with RO staff and
trainees reported by MPs and RTTs (see
Table 1). Reported instances of frequent inter-
action were lowest with RTT trainees and with
MPs (both trainees and staff).

In ranking the factors that contributed to the
desire to participate in the event, the most impor-
tant factor was the ‘opportunity to engage with
other radiation medicine professions’, followed by
‘not wanting to miss an available learning oppor-
tunity’, and ‘opportunity to be exposed to novel
clinical scenarios’. The other six options in this
survey item related to value to one’s curriculum
vitae, avoidance of regular clinical responsibilities,
curiosity, seeking exposure to specific scenarios,
and opportunity to demonstrate competence to
those in a position of authority.

Case perceptions and evaluation
Tables 2 and 3 summarize elements from the
TTTD. The perception of team functioning
averaged 8·1/10 across all participants for all cases
(Table 2), and was lowest for Case D (7·7/10,
n = 15), which represented the most emergent
situation, involving a radioactive source stuck in
the cervix of a woman with endometrial cancer
(Table 2a). When sorted by group over the course
of the day (Table 2b), it is noted that for all four
groups, the highest average team functioning score
was achieved in the second case of the day, inde-
pendent of the simulated scenario for each group.

Table 1. Pre-event participant perception of level of interaction with staff and trainees of other disciplines (%(n) of those perceiving they have ‘frequent’
interactions (≥4/5) with that group)

Ranked

RO RTT MP

Ranking Staff Trainee Staff Trainee Staff Trainee

RO trainee 50·0% (3) 0·0% (0) 16·7% (1) 0·0% (0)
RTT trainee 22·2% (2) 22·2% (2) 0·0% (0) 0·0% (0)
MP trainee 33·3% (2) 33·3% (2) 50·0% (3) 16·7% (1)

Abbreviations: RO, radiation oncologist; RTT, radiation therapist; MP, medical physicists.
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The value of the team interaction in ‘estab-
lishing or improving the care plan’ was high
across all participants for all cases, averaging
8·9/10 (Table 3). The perception was highest in
Cases B and C (Table 3a), which represented the
clinical delineation and calculation of a treatment
plan for an infant patient and for a scalp treat-
ment, respectively. There was no distinct trend
observed between groups or times of day
(Table 3b).

For the CBS scale, administered after each case
(Table 4), the average scores were 70·4, 71·9 and

69·5, for the first, second and third cases of the day,
respectively. Scores increased between the first and
second case of the day for 13/21 (61·9%) of parti-
cipants. As observed in the perceptions of team
functioning from the TTTD, the highest scores
tended to be observed in the second case of the day.

Post-event perceptions
Satisfaction
Twenty-one post-event surveys were collected
from participants (100%). When asked about the
perceived value of the event to a number of areas,
Interprofessional Communication scored highest for all
professional groups (average 9·14/10). All other
areas also scored high, ranging from 8·86/10–9·14/
10 for Clinical Knowledge, Clinical Decision-Making,
Clinical Skills, and Exposure to other trainees within my
program. Individual feedback related to the value of
‘mak[ing] clinical decisions with different profes-
sions’ (RTT), ‘problem-solving… [and] finding
limitations in my professional role’ (RTT),
and being immersed in the simulated environment
which provided unique opportunity for
‘emergency situations’ (RTT, RO), that reflected
‘real life’ (MP, RO) and were of ‘high fidelity’
(MP, RO).

The importance of holding such an event on
an annual basis was rated as 9·14/10.

Change in perceptions
Average scores for RIPLS and UWEIQ scales are
reported in Table 5. RIPLS scores were high

Table 2. Average TTTD perceived team functioning by case and by
group over the day, as a rating on a scale of 1 (highly ineffective) to 10
(highly effective)

Scenario timeslot

AM1 PM1 PM2 Average

(a) Perceived team functioning by case
Case A (4DCT lung) 7·8 X 8·2 8
Case B (scalp electron CMU) 8·7 8·4 7·8 8·3
Case C (infant CMU) 7·2 9 X 8·2
Case D (brachytherapy) 7·6 8·6 7 7·7
Case E (larynx CBCT) X 9·4 7·6 8·5
(b) Perceived team functioning by group
Group 1 (n = 6) 8·7 9 8·2 8·2
Group 2 (n = 5) 7·2 8·4 8·2 7·9
Group 3 (n = 5) 7·6 9·4 7·8 8·3
Group 4 (n = 5) 7·8 8·6 7·6 8

Abbreviations: TTTD, Trainee Test of Team Dynamics; 4DCT, four-
dimensional computed tomography; CBCT, cone-beam computed
tomography; CMU, clinical mark-up.

Table 3. Average TTTD perceived value of team interaction by case and
by group over the day, as a ranking on a scale of 1 (not at all valuable) to
10 (highly valuable)

Scenario timeslot

AM1 PM1 PM2 Average

(a) Perceived value of team interaction by case
Case A (4DCT lung) 9·2 X 8 8·6
Case B (scalp electron CMU) 9·3 8·8 9·4 9·2
Case C (infant CMU) 9·4 9·5 X 9·5
Case D (brachytherapy) 9·2 9·6 8 8·9
Case E (larynx CBCT) X 9·2 8 8·6
(b) Perceived value of team interaction by group
Group 1 (n = 6) 9·3 9·5 8 8·9
Group 2 (n = 5) 9·4 8·8 8 8·7
Group 3 (n = 5) 9·2 9·2 9·4 9·3
Group 4 (n = 5) 9·2 9·6 8 8·9

Abbreviations: TTTD, Trainee Test of Team Dynamics; 4DCT, four-
dimensional computed tomography; CBCT, cone-beam computed
tomography; CMU, clinical mark-up.

Table 4. Average CBS scores by case and by group over the day

AM1 PM1 PM2 Average

(a) CBS scores by case
Case A (4DCT lung) 69·2 X 68·1 68·7
Case B (scalp electron CMU) 73·3 67·6 70·8 70·7
Case C (infant CMU) 67·5 73·9 X 71·0
Case D (brachytherapy) 71·1 72·3 68·4 70·5
Case E (larynx CBCT) X 73·4 71 72·2
(b) CBS scores by group
Group 1 (n = 6) 73·3 73·9 68·4 71·9
Group 2 (n = 5) 67·5 67·6 68·1 67·7
Group 3 (n = 5) 71·1 73·4 70·8 71·8
Group 4 (n = 5) 69·2 72·3 71 70·8

Abbreviations: CBS, Collaborative Behaviours Scale; 4DCT, four-
dimensional computed tomography; CBCT, cone-beam computed
tomography; CMU, clinical mark-up.

Team-based simulation in radiation medicine

121

https://doi.org/10.1017/S1460396915000060 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396915000060


both pre- and post-event, averaging 83·5 and
85·2, respectively. Similarly, scores were low for
UWEIQ, averaging 60·6 and 55·7, respectively.
For all professional groups for both scales, the
average change in score reflected improved IP
perceptions.

The change in RIPLS scores between the start
and end of RM SLICE was positive (reflecting
improved IP perceptions) for 14/21 (66·7%)
participants, while the change in UWEIQ score
was negative (also reflecting improved IP per-
ceptions) for 13/20 (65·0%) participants. There
was agreement between scales for 15/20 (75·0%)
participants, with 12/20 of these reflecting
improved perceptions (increase in RIPLS score,
decrease in UWEIQ score). For the remaining
participants, scores either reflected disagreement
between scales (3/20, 15·0%), or no change in
RIPLS (2/20, 10·0%).

DISCUSSION

RM SLICE was the first demonstration of a
feasible experience that allowed learners to
navigate the interprofessional interactions, tasks,
and decisions necessary to deliver quality RM
care, through exploration of a series of high-
fidelity simulations. This type of team simulation
event has never been reported with RM trainees,
and satisfaction and perception data suggest that
participants found it valuable. Evaluation of
learner outcomes can contribute to the future
evolution of this simulation initiative, thus
informing the way collaboration and teamwork
are taught in RM.

It was noted in this investigation that instances of
pre-certification IPE and IPC are lacking a clinical
environment, especially between the trainees
themselves. The opportunity for trainees to engage
with one another was thus seen to be important
andwas recognized as having been offered through
RMSLICE. The high-fidelity scenarios developed
for the event were valued for the conduciveness to
collaborative learning and exposure to situations
not often experienced in the course of training.
Consistent high scores across professional groups
for all elements of RM SLICE suggest that learners
were satisfied with the experience, and thus thatT
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Level I of Barr/Kirkpatrick’s hierarchy of learner
outcomes was achieved.14

The high pre-event scores observed in vali-
dated IPE scales suggest that despite infrequent IP
interactions, participants held positive attitudes
and perceptions relating to IPC. While not
reported for residency programmes, previously
published average ‘research-intensive university’
(e.g., medicine, nursing, occupational therapy)
student scores for RIPLS of 70·2 (out of a possi-
ble 95) are lower than the values reported here
(83·5 for pre-event administration, and 85·2 for
post-event administration). Similarly, scores for
most aspects of UWEIQ in this investigation fell
within the range reflecting positive attitudes
towards IPC. The exception was the Inter-
professional Interactions subscale, where averages
for all professional groups fell within the neutral
range in both pre- and post-event administra-
tions. A study by Ruebling et al.,29 evaluating a
semester-long introductory IPE course among
undergraduate health professionals students
reported only on the second UWEIQ subscale
(Interprofessional Learning). These scores of 16·8
(pre-course) and 15·9 (post-course), were slightly
less indicative of positive attitudes as compared
with the RM SLICE scores of 15·1 and 13·9, and
reflected a change of similar magnitude despite
RM SLICE being only a single day intervention.

The agreement observed between RIPLS and
UWEIQ was also noted by Ruebling et al., who
concluded that the ‘UWEIP-Learning Scale had a
strong, positive correlation with the RIPLS. This
unintended outcome provides evidence for the
convergent validity of the two instruments’.29

Scores here suggest positive attitudes and percep-
tions regarding IPC between RM professionals in
their clinical environment, and the small increases
seen after RMSLICE should be investigated further
for the value in further attaining Barr/Kirkpatrick’s
Level II learner outcomes. Constructs evaluated in
the UWEIQ Interprofessional Interactions subscale,
which includes professional stereotypes and per-
ceptions of professional hierarchies, and which
exhibited slightly poorer scores here, should also be
explored further within this population.

Case-by-case evaluations in this investigation
suggested that cases were well balanced and that

participants noted the exhibition and benefit of
IPC behaviours in each. Based on the CBS, items
included from the TTTD, and individual com-
ments, evaluations reflected a pooling together of
professional resources to determine and execute a
course of action in a given simulation scenario.
Use of the CBS in the literature among practising
nurse practitioners and physician assistants found
average scores of 68·3 and 70·7, respectively,30

which are similar to results reported here. The
observation of a slight trend towards the second
case being the most collaboratively performed of
the day warrants further investigation to deter-
mine any significance. Anecdotal comments
about the length of the event might suggest that
participants were fatigued by the third case,
which may have impacted collaboration and
perceptions of teamwork.

Comments that noted the novelty of these
scenarios further evidences the complementary
role of team-based simulation in clinical training
programmes, in that it provided access to clinical
situations not experienced in the course of
training. Exploring collaboration in practice can
both demonstrate the interdependency of indi-
vidual professional knowledge and skills and
encourage modeling of effective clinical
behaviours. The importance of IPC in RM
practice has been touted in the literature,13,27,31

but never explored in formal, dedicated pre-
licensure training initiatives. Given the success of
RM SLICE in achieving Level I and II learner
outcomes, follow-up evaluations can provide
subjective evidence of higher level outcomes such
as changes in IP behaviours and practice. While
difficult to assess objectively, future research
involving RM SLICE will also aim to evaluate the
benefits of IPC to the patient undergoing RTT.

One of the major limitations of this study was
how research-intensive it was, and its reliance on a
clinic closure. While feasible in the context of an
academic research investigation, an analysis of what
might be required to run such an event in a non-
research context is discussed by Giuliani et al.28

Other limitations to this study were the broad
range of training year of the participants, and thus
the variability in clinical experience. Future efforts
will attempt to determine the most appropriate
time in training to hold such an event.
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CONCLUSION

Team-based simulation is feasible in RM and
appears to facilitate interprofessional competency-
building in high-acuity clinical situations, thereby
increasing trainee readiness for interprofessional
practice. RM trainees exhibit positive attitudes and
perceptions of IPC, and value the opportunity to
further explore these through collaborative simu-
lation scenarios. RM SLICE achieved Level I and
Level II learner outcomes as shown by feasibility
assessment and existing IP instruments. Further
investigation is warranted to determine any impact
on professional behaviours or practice.
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