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ABSTRACT

Background: Virtual reality (VR) simulators have revolutionized training in
bronchoscopy, offering unrestricted availability in a low-stakes learning environment
and frequent assessments represented by automatic scoring. The VR assessments can
be used to monitor and support learners’ progression. How trainees perceive these
assessments needs to be clarified.

Objective: The objective of this study was to examine what assessments learners select
to document and receive feedback on and what influences their decisions.

Methods: We used a sequential explanatory mixed methods strategy. All participants
were pediatric critical care medicine trainees requiring competency in bronchoscopy
skills. During independent simulation practice, we collected the number of learning-
focused practice attempts (scores not recorded), assessment-focused practice (scores
recorded and reviewed by the instructor for feedback), and the amount of time each
attempt lasted. After simulation training, we conducted interviews to explore learners’
perceptions of assessment.
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Results: There was no significant difference in the number of attempts for each
practice type. The average time per learning-focused attempt was almost three times
longer than the assessment-focused attempt (mean [standard deviation] 16± 1min vs.
6 ± 3min, respectively; P, 0.05). Learners perceived documentation of their scores as
high stakes and only recorded their better scores. Learners felt safer experimenting if
their assessments were not recorded.

Conclusion: During independent practice, learners took advantage of automatic
assessments generated by the VR simulator to monitor their progression. However, the
recording of scores from the simulation program to document learners’ trajectory to a
set goal was perceived as high stakes, discouraging learners from seeking supervisor
feedback.
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Fiberoptic bronchoscopes became
commercially available in 1968, a year
known as the “second revolution,” and,
since then, the bronchoscope has been
used widely in many specialties (1–3).
Twenty years ago, another “revolution”
in procedural training was described: a
training curriculum using a virtual reality
(VR) simulator showing that novices have
similar scores to experts after having been
practicing for approximately 6 hours (4).
What followed these “revolutions” were
decades of dedication to training in
bronchoscopy (5). Simulation has
long been established as an effective
instructional tool in medicine, especially
for procedural teaching (6–9). Reviews
dedicated to examining the role of
simulation in bronchoscopy training
confirm its effectiveness while recognizing
the need for more work to understand the
best curriculum design features (10–13).

The VR simulator provides immediate
feedback on performance with automatic

scoring of clinically relevant variables
(4, 12). The automatic scores alone or
when combined with a rater’s judgment
about knowledge of the anatomy have
demonstrated good validity evidence
(14, 15). Both learners and supervisors can
use these scores to support and document
learners’ progression to the desired
outcome. Outcome-based curricula are
being introduced in education as critical
care programs across North America have
transitioned to competency-based medical
education (CBME), an outcome-based
model that deemphasizes time spent train-
ing and focuses on learning outcomes and
learner-centeredness (16–18). One of the
core principles of CBME is the use of
multiple assessments that support and
document the development and acquisi-
tion of competence (19, 20).

The foundational principle of mastery
learning is analogous to CBME in that
competence is expected and can be
achieved by all learners (21). Evidence
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suggests that mastery learning in
simulation is superior to nonmastery
instruction and improves the skills of
advanced critical care providers (22, 23).
We implemented a mastery model of
simulation training for our pediatric
critical care medicine (PCCM) trainees for
fiberoptic bronchoscopy using a VR
simulator.

This study aimed to explore how trainees
perceived their bronchoscopy simulation
assessments in an outcome-based training
model. More specifically, we wanted to
examine what assessments learners chose
to document and receive feedback on and
what influenced their decisions.

METHODS
Study Design

After institutional research ethics board
approval was received, a sequential
explanatory mixed methods strategy
(Figure 1) was used to address our study
objective (22). All participants were
PCCM trainees enrolled in a 2-year pro-
gram in which bronchoscopy skills are a
required competency. This study occurred

in 2018 while transitioning from a tradi-
tional, time-based post-graduate training
program to CBME.

Simulation Curriculum

We took advantage of the established
mastery model of simulation-based train-
ing in bronchoscopy (Figure 1) to explore
our questions in a controlled setting. The
VR bronchoscopy simulator used was
ORSIM (Airway Simulation Limited) (24),
selected on the basis of published evidence
of its benefit in training (25) and its user-
friendly interface, size, and portability,
making it accessible to learners. The VR
simulator was purchased in 2017 for
$30,000 CDN. The automatic scoring
included clinically relevant variables such
as accuracy (number and identity of seg-
mental bronchi successfully entered), speed
(the time taken to complete the study),
and dexterity (number of collisions
between the bronchoscope tip and the
bronchial wall).

The curriculum consisted of 1) a large-
group, instructor-led, 3-hour didactic ses-
sion that provided an overview of the pro-
cedure, anatomy, and key normal

Figure 1. Overview of bronchoscopy simulation curriculum and study design. VR= virtual reality.
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and abnormal findings through lectures
and demonstrations; 2) a small-group,
30-minute introduction to the VR simula-
tor equipment; and 3) a one-to-one super-
vised session in which the trainee received
individualized instructor feedback and
guidance during their first VR simulated
bronchoscopy attempt, as well as explana-
tions on the automatic scores generated by
the simulator. This supervised practice
was followed by independent practice on
the VR simulator to achieve target scores
established by the program. Although a
specific simulation score that predicts suc-
cess in the clinical context has not been
established, evidence shows that learners
perform better clinically when they have
optimized simulation learning (26). Given
the above, the target goal was determined
by agreement from five experts in bron-
choscopy and education. Their decision
was based on performance and published
average scores of expert physicians using
the VR simulator (4). Learners were asked
to compete a full bronchoscopy examina-
tion in less than 3minutes and to recog-
nize all 19 segments of the airway tree.

During the independent practice, learners
had no requirements or limitations in the
number of sessions, with the ability to
decide their practice length provided
that they reached the target goal, which
was a prerequisite for the transition to
supervised clinical practice. Although the
instructor-led curriculum was completed
within 1 day, learners were given 2weeks
and protected time to complete the inde-
pendent component. The VR simulator
was conveniently located in the trainees’
office, allowing multiple practice opportu-
nities. During independent practice, lear-
ners decided which attempts would count
as learning-focused practice (scores not
recorded) and assessment-focused practice

(scores recorded and reviewed by the
instructor for feedback).

Data Collection and Analysis

Quantitative data. During learners’
independent practice with the VR
simulator, for each practice type (learning
focused vs. assessment focused), we
collected the number of attempts in each
practice type and the time taken for each
attempt. Quantitative data were collected
and analyzed using Stata version 16.1
(StataCorp). We calculated the average
time for both learning-focused and
assessment-focused practices and the total
time used for simulation for each practice
type. We applied t tests to compare each
of the practice types (learning focused vs.
assessment focused) for 1) the total time
taken for practice, 2) the average time for
attempt, and 3) the number of attempts
(Table 1). We used double-sided tests for
two groups with similar variability. These
comparisons allowed us to examine what
assessments are most likely to be recorded
by learners.

Qualitative data. The interviews with
learners were conducted after the
simulation training and collection and
analysis of the quantitative data, which
informed our semistructured interviews.
Interviews targeted the explanation of
documentation practices, learners’
perceptions of the assessment data they
received from the VR simulator, their
learning curves, and their attitude toward
recording scores (see Appendix E1 in the
data supplement). The interviews were
transcribed verbatim, and the transcripts
then analyzed and coded inductively by a
faculty member (B.M.) and a trainee
(L.T.). Thematic analysis was conducted
with open coding, iterative analysis, and
constant comparison when coding,
searching, reviewing, defining, and
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naming themes (27, 28), using dialogue
and reexamination of the transcripts to
resolve differences in interpretation. In
line with a sequential explanatory design,
the qualitative results were used to inform
and enrich our interpretations of the
quantitative data (29).

RESULTS
Quantitative Data

Twenty of 25 eligible learners (11 female,
9 male) consented to be included in the
study. All the participants had completed
a pediatric residency before enrolling in
PCCM training. The participants were
true novices because none had prior
training or experience using fiberoptic
bronchoscopy or VR simulators.

All learners practiced to the curriculum’s
target goal. There was no significant
difference in the number of learning-focused
versus assessment-focused practice attempts,

mean (standard deviation [SD]), 11±5
versus 10±4, respectively (P=0.241).
The total time for learning-focused practice
sessions was lengthier than the assessment-
focused practice sessions: mean (SD),
161±53 versus 59±29minutes, respectively
(P, 0.05). Learning sessions were longer
than assessment sessions, not because trai-
nees made more attempts during practice
sessions but because each attempt took
longer. The average time per each
learning-focused attempt was almost three
times longer than for assessment-focused
attempts: mean (SD), 16 ± 1 versus
6 ± 3minutes, respectively (P, 0.05)
(Table 1).

Qualitative Data

Within 1week of completing their
simulation training, 30-minute interviews
with all 20 learners were conducted by
B.M., who has experience in qualitative
methodology. Our analysis explored

Table 1. Total time, number of attempts, and mean time (in minutes) per attempt
for each practice type (learning focused vs. assessment focused)

Data P Value*

Time

Total time simulation, min 220 ± 73 (185–254)

Total time learning-focused attempts, min 161 ± 53 (136–186) ,0.001

Total time assessment-focused attempts, min 59 ± 29 (45–72)

Number of attempts

Total number of attempts 21 ± 7 (18–25)

Number of learning-focused attempts 10 ± 4 (8–12) 0.241

Number of assessment-focused attempts 11 ± 5 (9–14)

Mean time

Per attempt, min 11 ± 3 (9–12)

Per learning-focused attempt, min 16 ± 1 (16–17) ,0.001

Per assessment-focused attempts, min 6 ± 3 (4–7)

Numbers represent mean ± standard deviation (95% confidence interval).
*The t test was applied.
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trainees’ perceptions of their scores gener-
ated from the VR simulator, documenta-
tion of their attempts, and their decision
making on learning-focused versus
assessment-focused practice. Whether the
scores automatically generated by the VR
simulator (measuring the time to complete
a bronchoscopy) were perceived as
learning-focused feedback or performance
assessment depended on individual char-
acteristics, contextual factors, and score
representation. These perceptions influ-
enced simulation practice behaviors where
only the significantly shorter attempts
(a better score) were documented as
assessment focused and reviewed with
the instructor. We describe three main
themes below.

Theme 1: Individual Factors Affecting
Score Perception

The usefulness of the automatic scores to
guide independent practice toward the
target goal was underscored by trainees.
Some also commented on the dual aspect
of scores and how assessment and learning
are inextricably linked.

You can’t possibly separate them: judgment/assessment

or feedback. It’s not as if you have one set of glasses on

which only support learning and the other set of glasses

on which only measure performance. (L5)

Although assessment and learning were
understood as inseparable and “two sides
of the same coin,” the program’s
recording of their attempts and scores
caused apprehension. Documenting the
scores transformed the practice in
simulation into a high-stakes process.
Some trainees were concerned the record-
ing of their performance might be used
for comparisons with others and as a mea-
sure of their learning speed.

The moment that the score is recorded it is “high

stakes.” You used the expression “ for learning.”
Then why does the program need to record my scores?

You can help me learn without it. (L3)

Theme 2: Contextual Factors that
Impacted Learners’ Perception
of Scores

Many learners alluded to the competitive
culture of medicine and how recording
their scores promoted a culture that
encouraged them to show and prove their
performance. Hence, the learners chose to
treat assessment-focused practice as high
stakes and document their best attempts.

The culture in medicine is about showing perfor-

mance and more so now with having to record your

growth curve (as we say in peds) to a set performance

standard for so many competencies. (L16)

Learners were concerned that substandard
scores or a lack of score improvement
during simulation training would result
in fewer clinical opportunities to do a
bronchoscopy. These opportunities
were already limited by the relatively
uncommon occurrence and inherent risks
for patients in the intensive care unit.

I am reassured here that the assessment data is not used

for any decision, but I can’t help thinking that it would

be if this wasn’t a study. Many times, who does the

procedure at bedside will be decided by what the super-

visors know about their skills. If it’s a complex, urgent

situation, the best [physician] has to do it. (L11)

Theme 3: Data Representation

Learners reported that the numerical
representation of their performance
automatically generated by the simulator
was only sometimes informative. However,
they tried to make sense of the scores and
to understand how to apply the feedback
to the clinical context.

It would be nice to make it more obvious for other

aspects of the procedure to look more like feedback,

because here you only get numbers. I don’t think I

would take away any of the other information. (L2)

DISCUSSION

We examined learners’ attitudes toward
frequent assessments in an outcome-based
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bronchoscopy simulation training. Further-
more, we explored what assessments lear-
ners tended to document and review with
the instructor while practicing the target
goal and why. Given a choice, learners
recorded their better assessments (scores),
even in a simulation training designed as a
low-stakes educational activity.

The relationship between assessment and
learning is much more complex than the
expression “assessment drives learning”
(30, 31). Improvement in technology has
revolutionized training in bronchoscopy
with the use of VR simulators that provide
realistic environments and immediate
feedback through automatic scoring of
variables that are easy to measure and
clinically relevant (12, 14, 15). In the
context of an outcome-based curriculum
taking advantage of VR simulators, our
learners used the assessments (scores) for
learning, and all reached the set goal of the
simulation curriculum. The findings, how-
ever, highlighted some limitations of this
outcome-based simulation curriculum:
Automatic feedback was not necessarily
more informative or clearer than feed-
back provided by supervisors, learners felt
safer experimenting if their assessments
(scores) were not recorded, and, last, con-
textual factors such as the culture of med-
icine affect simulation-based assessments
in the same way as clinically based
assessments.

Learners had reservations about scores
being recorded unless they were optimal.
As soon as data were recorded, the
assessment became high stakes and
learners developed behaviors to maintain
the appearance of continuous progression
and competence. When assessments were
perceived as suboptimal, trainees resorted
to not documenting these data and not
asking for external feedback from
supervisors. They engaged with what they

perceived as suboptimal scores by
analyzing them independently. Anxiety
with recorded assessments has been
reported in the literature (32–34).
Promoting a growth mindset has been
suggested; however, in medicine, where
performance is closely linked to patient
outcome and the existing culture is
competitive, trainees strive to look
competent and demonstrate an optimal
learning curve.

Similar to other studies showing that
learners choose tasks in which they are
likely to succeed or assessors who would
rate them favorably, our study found that
learners chose to record and receive
feedback on their better scores (35, 36),
supporting the notion that learners’ views
on assessments persist even in simulation,
which is thought to provide a safe ground
where learners can experiment and take
risks (37).

One study found that direct observation,
combined with assessment, created high-
stakes environments where the perceived
expectation of residents was to “perform”

rather than to “practice” (38). Other
authors explored the sociocultural influ-
ences of direct observation on medical
training and found that learners valued
the ability to work independently (39).
These authors concluded that a lack of
observation could support learning. Future
work should explore how learners’ beha-
viors and perceptions change when educa-
tion programs use scores to make
decisions about the group of learners
rather than individuals and collect scores
anonymously rather than connected to an
individual learner.

In summary, the learners used the VR
simulators and automatic scores to guide
their learning. However, the goal of
learning may be swayed by the difference
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between the intention of having
assessment as feedback versus assessment
to document performance, creating
tensions in learners’ minds. Our findings
showed that even in a low-stakes environ-
ment, such as data in simulation training
for a procedural skill, documenting assess-
ments leads to learners focusing on per-
formance rather than seeking expert
feedback. There is significant evidence
for the value of feedback in education
(40, 41) as one of the most critical factors
that support learning. The effects of using

automatic rather than expert feedback
could be further investigated in the con-
text of bronchoscopy simulation with
advanced subspeciality learners.

Our findings are important for educators
designing simulation programs to train and
support learners. It is possible that CBME
will change the culture and the perception
of assessments, but that is a topic that
requires future investigation.

Author disclosures are available with the
text of this article at www.atsjournals.org.
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