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Abstract
Background: Emergency medicine education in
India lacks effective diagnostic radiology

interpretation curricula. Active learning curricula
delivered through virtual asynchronous learning
have the potential to fill this gap in international
emergency medical education.

This study aimed to evaluate an active learning
radiology curriculum among Indian emergency
medicine (EM) trainees. Methods: We conducted a
randomized controlled trial at multiple EM training
programs in India. Trainees were randomized to
receive an active (experimental) or a passive
learning curriculum (control). Trainees took a pre-
test, initial post-test, and delayed one-month post-
test to assess their diagnostic accuracy of computed
tomography (CT) brain and musculoskeletal X-ray
(MSK XR) interpretation. We obtained surveys
assessing perceptions of test difficulty. The primary
outcome was the change in pre-test to initial post-
test scores. The secondary outcomes were changes
in the pre-test to one-month post-test and self-
efficacy scores. Results: A total of 79 trainees from
12 sites across North, West, and South India were
enrolled, and 59 completed the one-month post-test.

The active learning cohort (ALC) showed a
significant improvement in CT brain pre-test to
initial post-test of 9.8% (95% CI, 3.1% to 16.6%) (p
=0.006) with a medium effect size (d = 0.7). There
was no significant improvement at the one-month
post-test for the ALC or CT brain post-test for the
passive learning cohort (PLC). There was no
significant improvement for the MSK XR post-test
for either cohort. Linear regressions comparing the
ALC and PLC did not find a statistically significant
effect to explain the mean score difference between
cohorts. Self-efficacy scores significantly increased
for both the ALC (p < 0.001) and PLC (p = 0.004).
Conclusion: This pilot study showed modest
benefits of an ALC compared to a PLC for
improving CT brain interpretation in an
international setting. Future research can refine
active learning curricula to improve diagnostic
radiology interpretation among EM trainees in
international settings.
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Background:

Timely and accurate interpretation of diagnostic
imaging in the emergency department is essential to
treat disease and reduce morbidity and mortality."
Rapid interpretation of computed tomography (CT)
brain imaging is necessary for time-sensitive
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pathologies such as intracranial hemorrhage and
acute ischemic stroke.’ Accurate interpretation of
musculoskeletal X-rays (MSK XRs) becomes
essential in community or resource-limited settings
where a radiologist's interpretation may not be
immediately available.* Emergency medicine (EM)
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residency programs’ leadership across the United
States (US) specifically highlight CT brain and
MSK XRs interpretation as key skills for graduating
EM residents.>”” However, EM residents receive less
training in these skills, which can lead to patient
harm from delayed or incorrect diagnosis. Minimal
time outside clinical shifts is dedicated to
emergency radiology education, and programs that
provide formal instruction often use passive
learning didactic lectures.’

In many low- and middle-income countries, even
less is known about the quality and speed of
radiologic diagnosis. There is a radiology workforce
shortage impacting countries across the world.*!° In
India, 20,000 radiologists, primarily in cities,
provide services for the country of 1.4 billion."
Non-radiologists with varying interpretation skills
often perform the initial evaluation and diagnosis.'?
This highlights the opportunity to enhance the
training of emergency physicians in India by
introducing innovative teaching strategies in
training programs to improve  workforce
capabilities.!>!*

A promising solution to enhance emergency
radiology curricula for EM trainees in India is to
adapt successful strategies used for EM residents in
the US. This includes active learning modules that
use radiology simulation software such as
Pacsbin.>'® This is a web-based platform that
simulates a typical radiology viewer, allowing users
to scroll through CTs and interact with radiology
studies mirroring their clinical context. Users can
practice manipulating diagnostic imaging in a
simulation setting that affords time and space to
learn, make mistakes, and iteratively build skills.
This mode of learning is conceptually supported by
constructivist learning theory and can benefit
residents by producing more durable learning.!
These strategies demonstrated increased self-
efficacy and knowledge in diagnostic radiology
interpretation among radiology and EM
residents.'®!7 Other studies on simulation-based
education for EM trainees in India have shown
improved learner self-efficacy and knowledge.*

It remains unclear how these radiology teaching
strategies would translate to Indian EM training
programs across a virtual or asynchronous platform.
This pilot study aimed to evaluate a simulation-
based active learning strategy for improving the
diagnostic accuracy of CT brain and MSK XR
interpretation among EM trainees in Indian training
programs.

Methods:

This  multicenter, prospective, randomized,
controlled parallel-group trial compared a
simulation-based active learning strategy to a
didactic lecture passive learning strategy. The
Ronald Reagan Institute of Emergency Medicine at
George Washington University (GWU) has
partnerships with 20 institutions from seven private
hospital systems across India to deliver a structured
three-year EM training program (GWU-MEM). All
partner sites were invited to participate, with 12
sites from two hospital systems agreeing to join
(Table 1). Recruitment of participating sites, and
participants, used convenience sampling. The GW-
MEM training includes a hybrid three-year
curriculum combining didactics, online modules,
sim-based learning, in addition to quarterly in-
person EM teaching by GWU MEM faculty, and
clinical and didactic teaching by local Indian EM
physicians. Trainees from all three postgraduate
years, representing male and female genders, were
included (Table 1). These programs represent a
diverse group of trainees throughout India, with
training site locations varying from urban to rural
settings. Each site offered comparable medical,
surgical, and radiologic services. The study was
conducted virtually at these 12 EM training sites in
India from April 2023 to June 2023.

At the volunteering sites, 111 EM trainees were
invited by email to participate in the study, and 79
initially agreed. Four participants withdrew after
completing the consent process. The remaining 75
participants were randomized to an active learning
cohort (ALC) or a passive learning cohort (PLC)
using an internet-based random assignment
generator.?! Each participant received a unique,
randomly generated, three-digit alphanumeric code
as their study identification to blind results and
protect participant data.

Participants were given a pre-trial survey of
perceptions, attitudes, educational experiences, and
access to diagnostic radiology education and
services adapted from Villa et al., 2021. For the pre-
test, initial post-test, and delayed post-test one
month after completing teaching modules,
participants had one week and one attempt for each
per assigned study ID. Links to active and passive
learning modules were distributed by email, with
one week for asynchronous completion. After the
initial post-test, participants completed a self-
efficacy survey to evaluate confidence in their
learning.
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Table 1: Participant demographics after randomized assignment to study cohorts.

Total: N (%) =75 (100) PLC: 38 (50.7) ALC 37 (49.3)
Location
South 11 (28.9) 16 (43.2)
Aster Kannur 4(10.5) 7(18.9)
Aster CMI 5(13.2) 5(13.5)
Aster RV 2(5.3) 4 (10.8)
North 25 (65.8) 19 (51.4)
Max BLK 3(7.9) 2(54)
Max DDN 4 (10.5) 1(2.7)
Max GRN 0 2(54)
Max Mohali 1(2.6) 0
Max PPG 8(21.1) 4 (10.8)
Max SHB 1(2.6) 6(16.2)
Max SMART 7(18.4) 1(2.7)
Max Vishali 2(5.3) 3(8.1)
Western 2(5.3) 2(54)
Max Nanavati 2(5.3) 2(54)
Post-Graduate Year
PGY1 16 (42.1) 14 (37.8)
PGY2 14 (36.8) 14 (37.8)
PGY3 8 (21.1) 9(24.3)
Gender
Male 20 (52.6) 21 (56.8)
Female 18 (47.4) 16 (43.2)

Abbreviations: PGY: postgraduate year, PLC: passive learning cohort, ALC: active learning cohort. Location based on geographic zones in India.

Table 1. Participant demographics after randomized assignment to study cohorts.

Total: N (%) = 75 (100) PLC: 38 (50.7) ALC 37 (49.3)
Location
South 11 (28.9) 16 (43.2)
Aster Kannur 4 (10.5) 7(18.9)
Aster CMI 5(13.2) 5(13.5)
Aster RV 2(5.3) 4 (10.8)
North 25 (65.8) 19 (51.4)
Max BLK 3(7.9) 2(5.4)
Max DDN 4(10.5) 1'%
Max GRN 0 2(5.4)
Max Mohali 1(2.6) 0
Max PPG 8 (21.1) 4(10.8)
Max SHB 1(2.6) 6(16.2)
Max SMART 7(18.4) 1(2.7)
Max Vishali 2(5.3) 3(8.1)
Western 2(5.3) 2(5.4)
Max Nanavati 2(5.3) 2(5.4)
Post-Graduate Year
PGY1 16 (42.1) 14 (37.8)
PGY2 14 (36.8) 14 (37.8)
PGY3 8 (21.1) 9(24.3)
Gender
Male 20 (52.6) 21 (56.8)
Female 18474 164335

Abbreviations: PGY: postgraduate year, PLC: passive learning cohort, ALC: active learning cohort. Location based on geographic zones in India.
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The ALC (experimental arm) accessed radiology
teaching cases on Pacsbin. Participants attempted to
identify critical findings before receiving didactic
teaching content tailored for each case, creating an
active learning component. The PLC (control arm)
viewed pre-recorded videos with narrated didactic
slide presentations reviewing the same radiology
cases as the ALC, including videos that scrolled
through the CTs for comparable content exposure.
Participants could access their assigned learning
modules multiple times during one week between
the pre-test and post-test.

The teaching content for CT brain interpretation
(Pascbin cases and instructional videos) was
adapted from curricular material developed for EM
residents at a US training program.'” New content
for the MSK XR cases was developed for this study,
following the same format as the CT brain
educational material. Teaching points focused on
image manipulation heuristics to aid in diagnostic
interpretation. The CT brain curriculum covered
intracranial hemorrhage, acute ischemic stroke, and
increased intracranial pressure cases, while the
MSK XR curriculum included upper and lower
extremity pathologies relevant to EM. Each module
introduced a clinical vignette with an image,
followed by a teaching intervention and display of
the pathology. The active and passive learning
modules were reviewed before the study to ensure
consistency in teaching content.

The primary outcome was the change in pre-test to
initial post-test scores for each cohort, measured
through a multiple-choice question and image-
hotspot test assessing for diagnostic accuracy of CT
brain and MSK XR interpretation. The test was
delivered on Qualtrics,> with each question linked
to a radiology case hosted on Pacsbin. Participants
selected a diagnosis from a multiple-choice
question for each case and then clicked on a follow-
up image to indicate the pathology location
(hotspot). This hotspot selection helped assess
whether the selected areas matched the multiple-
choice answers. CT brain cases from a prior study’s
test were used.'® A new test was created for the
MSK XR content. The same CT brain and MSK XR
tests were used as the pre-test, initial, and delayed
post-test. The secondary outcome measure was the
change in the pre-test to one-month post-test self-
efficacy scores for each cohort, measured
throughpost-test surveys using a Likert scale.
Participants rated their confidence in their exam

answers from 1 (low confidence) to 5 (high
confidence) and assessed test difficulty from 1 (least
difficult) to 10 (most difficult) for each test.

Our sample size calculation indicated that 68
participants were needed to detect a 5% difference
in post-test scores, with 80% power at a 0.05
significance level, based on an estimated effect size
of 0.7 from prior US studies.!” Pre-test and post-test
scores were analyzed using two-tailed paired t-tests
and multiple linear regression, while self-efficacy
data were assessed with a Wilcoxon signed-rank
test. Effect sizes were calculated for statistically
significant results. All statistical analyses were
performed using SPSS version 29 (IBM). The
George Washington University Institutional Review
Board approved this study, and all participants
provided informed written consent.

Results:

The study invited 111 EM trainees from 12 training
sites across India to participate. Of which, 75
completed the pre-test and were randomized to
either the ALC or PLC (Figure 1). Table 1 shows the
distribution of trainees by location, PGY, and
gender.

For the CT brain assessments, the ALC showed a
significant improvement from the pre-test to the
initial post-test, with a mean score increase of 9.8%
(95% CI, 3.1 to 16.6) (p = 0.006) and a medium
effect size (Cohen’s d = 0.7). The PLC showed no
statistically significant change in CT brain pre-test
to initial post-test scores, nor did either cohort show
a significant change in CT brain pre-test to one-
month post-test scores. For MSK XR assessments,
neither cohort demonstrated statistically significant
changes in pre-test to initial post-test scores or pre-
test to one-month post-test scores (Table 2). Linear
regression analysis did not reveal a significant
relationship between cohort and mean test score
difference (Table 3). However, significant
coefficients were found in the MSK XR study,
comparing the relationship between program
location and initial post-test mean score difference.

Results of the Wilcoxon signed rank analysis on the
post-module self-efficacy survey are described in
Table 4. Participant confidence in diagnostic
interpretation increased for both the PLC and ALC.
The pre-test PLC median score increased from 2 to
3(n=36,p<0.01, r=0.33), and the ALC median
score also increased from 2 to 3 (n =30, p <0.01, r
= 0.43). Participant perception of test difficulty
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Figure 1: Participant recruitment, allocation, and follow-up flowchart

Initial Enrollment

significantly decreased from a median of 7to 5 (n=
30, p <0.05, r=-0.264) for the ALC MSK XR test.

Participant attitudes generally indicate that EM
trainees should be responsible for independently
interpreting diagnostic radiology imaging. The
complete survey data is presented in Table 5. The
results show a perception of limited time dedicated
to radiology instruction, with 72% of participants
reporting no hours or 0-2 hours per month spent on
radiology education. Most education is provided by
EM faculty or other EM trainees rather than faculty
or trainees from different specialties. Nearly 60% of
participants noted that radiology education occurs
during shifts, while 40.5% identified didactic
lectures as the primary source of instruction.

Discussion:

This pilot study highlights the value of an ALC in
EM training within an international context. The
results align with previous studies conducted in the
U.S. regarding CT interpretation'” and confidence.'¢

N=79
Failed to complete Pre-test.
> N=4
v
Passive Learning Cohort N=75 Active Learning Cohort
N=38 < > N=37
Incomplete module . .| Incomplete module
N=4 D i N=4
A 4
N=37 N=33
Incomplete post test Incomplete post test
N=1 < > N=2
4 4
N=36 N=31
Incomplete 1-mon test Incomplete 1-mon test
N=3 < > N=5
4
N=33 N=26

The linear regression analysis examining the
relationship  between  cohort-test  changes
relationship gives pause for certainty, as it does not
meet the threshold for conventional statistical
significance. However, given the study's small
sample size, there is a modest suggestion that an
ALC may offer greater benefits. Future studies with
a larger sample size, improved follow-up testing,
and more robust engagement with the material
could help clarify the uncertainties observed in the
paired t-tests and linear regression analysis.

Study improvements should also address the
technical issues encountered when accessing MSK
XR images. As detailed in the limitations section,
these access problems may explain why the MSK
XR did not show a statistically significant benefit
from the ALC. An alternative explanation could be
that radiograph interpretation involves less
manipulation of images compared to CT scans,
resulting in less pronounced benefits from the ALC.
Regardless, the improvements observed in CT
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Table 2: Paired t-test of test scores with effect sizes

interpretation likely reflect the effectiveness of the
teaching strategy. The consistency with US studies
is likely due to mutual comprehension of a universal
diagnostic radiology principle.

The data gathered from the EM radiology
curriculum needs assessment provides valuable
context for the demand for quality training in the
Indian setting. It offers evidence of a shared
understanding between American and Indian
contexts regarding the importance of diagnostic
radiology interpretation as a critical EM skill.
Current literature needs to provide more data on
educational needs of EM, including radiology
within international settings. This needs assessment
guided the focus of this study, identifying key
radiology topics for the intervention, similar to US
studies.”>!” This data can also serve as a foundation
for future interventions aimed at enhancing EM
radiology education internationally, potentially
expanding beyond simulation-based learning topics.

This study contributes to a growing body of
research on simulation-based teaching interventions
in EM training and suggests an educational benefit
for the international context. While some
commentaries have raised concerns about the costs
associated with simulation-based education,
particularly ~ those  involving  high-fidelity
mannequins and tissue replication,” a notable
strength of this study was its low implementation
cost for a subscription to radiology simulation

N Score change SE 95%Confidence Interval p Cohen's d
from pre-test
Lower Upper
CT brain assessment
ALC initial post-test 31 9.8 0.033 3.1 16.6 0.006 0.70
PLC 1nitial post-test 36 4.5 0.025 -0.6 9.6 0.09 0.29
ALC one-month post-test 26 6.4 0.035 -0.8 13.6 0.08 0.49
PLC one-month post-test 33 3.8 0.025 -1.3 9.0 0.14 0.27
MSK XR assessment
ALC initial post-test 31 32 0.027 -2.3 8.7 0.25 0.20
PLC 1nitial post-test 36 2.1 0.021 -2.2 6.4 0.33 0.17
ALC one-month post-test 26 0.1 0.029 -6.0 6.1 0.93 0.02
PLC one-month post-test 32 2.4 0.023 =22 7.1 0.29 0.21
Abbreviations: SE: standard error, ALC: active learning cohort, PLC: passive learning cohort, CT: computed tomography, MSK XR:
musculoskeletal X-ray.
Wilcoxon Signed rank test
Confidence: 1=Low confidence, 2=Somewhat low confidence, 3=Neither high nor low confidence, 4=Somewhat high confidence 5=High
Confidence
Test difficulty utilized a Likert-type scale, 1 corresponds to least difficult and 10 corresponds to most difficult
Two-tailed p-value interpretation
Abbreviations: ALC: active learning cohort, PLC: passive learning cohort, CT: computed tomography, MSK XR: musculoskeletal X-ray.

software (Pacsbin)."* Additionally, lessons learned
from the pandemic were leveraged to utilize virtual
spaces and interconnectivity.*

Although technical issues were encountered, they
can be addressed with modest investments in
improving content image sources, enhancing
expertise in Digital Imaging and Communications
in Medicine (DICOM) image processing, and
refining PACS simulation services. As internet
services and bandwidth continue to improve, access
to remote locations is increasingly feasible through
satellite internet services. The scalability of this
modality depends on the adoption of individual
training programs, which are often guided by the
effectiveness of the curriculum. Future research to
better characterize the relationship between learning
strategy and test scores is recommended. Future
studies should aim to increase sample sizes,
implement strategies to reduce cohort dropout rates
and explore alternative statistical testing to evaluate
other factors that may influence exam scores, such
as residency programs and hospital settings.

Limitations:

A disproportionate number of participants from the
ALC dropped out of the study. Efforts to reach out
to participants who did not communicate an intent
to withdraw but were nearing, or at deadlines,
helped minimize losses. This study occurred during
the end-of-year exam period in the participants'
curriculum, which may have influenced leaving the
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Table 3: Linear regression, mean score differences from pre-test to initial post-test and one-
month post-test for CT brain and MSK-XR.

] SE 95% Confidence Interval P

CT brain 1nitial post-test Lower Upper

Mean score difference
Intercept 0.201 0.113 -0.024 0.425 0.079
North -.098 0.103 -0.304 0.109 0.349
South -0.076 0.106 -0.287 0.135 0.473
West 0
PGY1 -0.108 0.057 -0.221 0.006 0.064
PYG2 -0.086 0.057 -0.200 0.028 0.138
PGY3 0
ALC 0.065 0.042 -0.018 0.148 0.124
PLC 0

CT brain one-month post-test

Mean score difference
Intercept 0.005 0.118 -0.232 0.241 0.969
North 0.060 0.108 -0.155 0.276 0.578
South 0.107 0.110 -0.114 0.327 0.338
West 0
PGY1 -0.054 0.062 -0.177 0.070 0.386
PYG2 -0.079 0.061 -0.202 0.043 0.200
PGY3 0
ALC -0.009 0.045 -0.100 0.081 0.834
PLC 0

MSK XR initial post-test

Mean score difference
Intercept -0.203 0.090 -0.382 -0.023 0.027
North 0.222 0.082 0.058 0.386 0.009
South 0.237 0.083 0.070 0.404 0.006
West 0
PGY1 0.002 0.047 -0.091 0.095 0.969
PYG2 0.024 0.046 0.606 -0.069 0.117
PGY3 0
ALC -0.001 0.034 -0.069 0.067 0.978
PLC 0

MSK XR one-month post-test

Mean score difference
Intercept -0.186 0.110 -0.406 0.034 0.095
North 0.187 0.100 -0.014 3.87 0.068
South 0.146 0.102 -0.059 0.351 0.158
West 0
PGY]1 0.042 0.057 -0.072 0.157 0.462
PYG2 -0.011 0.057 -0.124 0.103 0.853
PGY3 0
ALC -0.023 0.042 -0.107 .061 0.589
PLC 0

B = unstandardized regression coefficient
Abbreviations: SE: standard error, PGY: postgraduate year, ALC: active learning cohort, PLC passive learning cohort, CT: computed tomography, MSK XR:
etal X-ray.

study without prior communication to focus on may have contributed to the higher dropout rate in

required program exams. Additionally, the ALC this cohort.

involved more frequent use of Pacsbin images, and

reports of technical issues accessing MSK images Technical issues were reported by a small number of
participants who had difficulty accessing the MSK
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Table 4: Descriptive statistics, Wilcoxon Signed Rank Test, and effect size of participant self-efficacy

XR Pacsbin images. None of the participants
reported issues accessing CT images. These
technical issues occurred sporadically, without
identifiable patterns that could be reproduced during
troubleshooting. Since the ALC required regular use
of Pacsbin for module training, participants who
experienced technical difficulties opted to leave at
that time. Four participants, three among ALC and
one among PLC reported leaving the study after
being unable to load the test images despite multiple
attempts. Others informally reported uncertainty
about whether they had these issues and self-
reported continuing the study. No technical issues
were reported in feedback surveys, which raises
concerns about underreporting which may have
influenced mean post-test scores. Issues with
mounting images were discussed with Pacsbin
support staff, who could not provide an immediate
solution but suggested that local internet bandwidth
limitations and DICOM image file sizes might be
contributing factors.

Other limitations include the potential for
discussions among participants regarding test and
module contents. Since the content was delivered
and accessed remotely, it was difficult to confirm in-
person module use or participant discussions.

N Min Max 25% Median 75% p r

Confidence ALC 30 <0.001 0.605
Pre-module 1 2 2 3

Post-module 1 3 3 4

Confidence PLC 36 0.004 0.474
Pre-module 1 2 2 3

Post-module 1 4 2.25 3 3

CT brain exam 30 0.68 0.075
difficulty ALC

Pre-test 2 10 5 7 8.25

Initial post-test 1 10 5 7 8

CT brain exam 36 0.90 0.021
difficulty PLC

Pre-test 2 10 5 7 8

Initial post-test 1 10 5 7 8
MSK XR exam 30 0.05 0.355
difficulty ALC

Pre-test 1 9 5 7 7

Initial post-test 2 9 4.75 5 6.25
MSK XR exam 36 0.80 0.043
difficulty PLC

Pre-test 3 10 5 6 8

Initial post-test 1 10 5 6 7.75

Confidence: 1=Low confidence, 2=Somewhat low confidence, 3=Neither high nor low confidence, 4=Somewhat high confidence 5=High
Confidence

Test difficulty utilized a Likert-type scale, 1 corresponds to least difficult and 10 corresponds to most difficult

Two-tailed p-value interpretation
Abbreviations: ALC: active learning cohort, PLC: passive learning cohort, CT: computed tomography, MSK XR: musculoskeletal X-ray...

Although access to modules and testing was tracked
through unique participant identifiers, and strict
instructions were to not share or discuss content,
participants may have discussed questions, answers,
or content. However, there was no confirmation of
such events occurring.

The study may be limited by volunteer bias as not
all programs agreed to join the study, and of those
programs, not all trainees volunteered or continued
participating. Selection bias is also a potential
factor, as the programs represent trainees in the
GWU-MEM program in private hospitals in India
and may not reflect conditions in public or state-run
hospitals. However, the data captured in this study
suggests that this approach could be applied in
international settings for low- and middle-income
populations, provided they have an electronic media
device such as a smartphone, tablet, or computer
and a reliable internet connection.

Future studies could explore or mitigate technical
issues by utilizing alternative PACS simulation
software, DICOM image processing tools, or
collaborating with radiology technicians to
standardize image file sizes. Additionally, more
resources could be allocated to improving follow-up
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Table 5: Emergency medicine trainee perceptions and attitudes towards diagnostic radiology education and
clinical practice availability of diagnostic radiology

n (%) =79 (100)
Personnel providing radiology Never Rarely Sometimes Often Always No Reply
instruction
EM faculty 2(2.7) 14 (18.7) 34 (45.3) 23(30.7) 2(2.7) 4(5.1)
EM trainees (includes self-study) 5(6.7) 18(24) 37(49.3) 12 (16) 3(4) 4(5.1)
Radiology faculty 20 (26.7) 20 (26.7) 20 (26.7) 11 (14.7) 4(5.3) 4(5.1)
Radiology residents 26 (35.1) 19 (25.7) 20 (27) 7(9.5) 2(2.7) 4(5.1)
Other specialty faculty 14 (18.7) 30 (40) 25(33.3) 6(8) 0(0) 4(5.1)
Other specialty residents 24 (32.4) 20 (27) 25(33.8) 4(5.4) 1(1.4) 4(5.1)
How frequently do you rely on your own
interpretation to make clinic decisions:
Musculoskeletal/extremity XR 0(0) 7(9.5) 26 (35.1) 34 (45.9) 7(9.5) 5(6.3)
CT brain 0(0) 10 (13.7) 33 (45.2) 25(34.2) 5(6.8) 6(7.6)
How often does your hospital have
overnight coverage of;
Radiology attending 0(0) 4 (5.0) 20(27.8) 14 (19.4) 34 (47.2) 7(8.9)
Radiology resident 9(12.3) 3(4.1) 11 (15.1) 9(12.3) 41 (56.2) 6(7.6)
Please rate your agreement with the
following: EM trainees should be able to
independently interpret;
Chest XR 0(0) 1(1.4) 1(1.4) 6(8.1) 66 (89.2) 6 (7.6)
Pelvis XR 0(0) 0(0) 2(2.7) 7(9.6) 64 (87.2) 5(6.3)
Musculoskeletal XR 0(0) 0(0) 4(5.4) 10 (13.5) 60 (81.1) 5(6.3)
Abdominal XR 0(0) 0(0) 1(1.4) 14 (18.9) 59(79.7) 5(6.3)
CT brain (non-contrast) 0(0) 0(0) 4 (5.6) 16 (22.2) 52(72.2) 7(8.9)
CT cervical spine 0(0) 0(0) 8(10.8) 24 (32.4) 42 (56.8) 5(6.3)
CT angiography brain/neck 0(0) 3(4.1) 7(9.5) 23 (31.1) 41 (55.4) 5(6.3)
CT chest 0(0) 0(0) 11(15.3) 19 (26.4) 42 (58.3) 7(8.9)
CT angiography chest 0(0) 7(9.5) 8(10.8) 18 (24.3) 41 (55.4) 5(6.3)
CT abdomen/pelvis 0(0) 5(6.8) 12/ (16.2) 17 (23) 40 (54.1) 5(6.3)
How important do you think is it for Not at All Not so Somewhat Very Extremely
emergency medicine providers to be able
to.independently interpret
Musculoskeletal/extremity x-rays 0(0) 1(1.4) 5(6.8) 16 (21.6) 52(70.3) 5(6.3)
ordered in the Emergency. Department?
Brain CT scans ordered in the 0(0) 0(0) 1(1.4) 17 (23) 56 (75.7) 5(6.3)
Emergency Department?
Approximately How long does it take to :Less than 10 min;10 min to 1 hour ;1 hour to 3 hours {More than 3
receive a radiologist read during business hours
hours for
XR 16 (22.5) 34 (47.9) 7(9.9) 14 (19.7) 8 (10.1)
G scan 13178 43°(573) 15730.3) 3@ 6(76)
Percentages relative to each row’s totals.
Abbreviations: CT: computed tomography, EM: emergency medicine, XR: X-ray

with participants and ensuring the accuracy of
participant activity, either through dedicated staff to
monitor training progress or by implementing
incentives to encourage continued participation.

Conclusions

This study provides evidence that supports active
learning curricula within EM education in
international training contexts. These findings
contribute to the growing body of knowledge

surrounding active learning strategies, their impact
on health workforce development, and the design of
distance education curricula. These implications
may extend beyond EM training programs to other
training programs, particularly pertinent in
quarantine situations or travel restrictions, like the
recent pandemic. This study suggests the potential
to leverage active learning methodologles to
optimize  cost-effectiveness  in  education,
particularly in scenarios where traditional in-person
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teaching may be transitioned to software module-
based formats, thereby reducing travel and
expenses. This aspect of EM education, particularly
in XR and CT diagnostic imaging interpretation,
appears well-suited to such strategies. Future

research should focus on comparing the
effectiveness of active versus passive learning
methodologies to evaluate their impact on clinical
outcomes related to diagnostic interpretation
education.
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