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ABSTRACT

Background The COVID-19 pandemic displaced newly matched emergency medicine “pre-interns” from in-person educational
experiences at the end of medical school. This called for novel remote teaching modalities.
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Objective This study assesses effectiveness of a multisite Accreditation Council for Graduate Medical Education (ACGME) sub-
competency-based curricular implementation on Slack during the first wave of the COVID-19 pandemic in the United States.

Methods Emergency medicine residency programs were recruited via national organization listservs. Programs designated

instructors to manage communications and teaching for the senior medical students who had matched to their programs (pre-
interns) in spring/summer 2020. Pre- and post-surveys of trainees and instructors assessed perceived preparedness for residency,
perceived effectiveness of common virtual educational modalities, and concern for the pandemic’s effects on medical education
utilizing a Likert scale of 1 (very unconcerned) to 5 (very concerned). Data were analyzed using descriptive statistics and the t test.

Results Of 276 possible residency programs, 28 enrolled. Of 324 possible pre-interns, 297 (91.7%) completed pre-surveys in April/
May and 249 (76.9%) completed post-surveys in June/July. The median weeks since performing a physical examination was 8 (IQR
7-12), since attending in-person didactics was 10 (IQR 8-15) and of rotation displacement was 4 (IQR 2-6). Perceived preparedness
increased both overall and for 14 of 21 ACGME Milestone topics taught. Instructors reported higher mean concern (4.32, 95% Cl
4.23-4.41) than pre-interns (2.88, 95% Cl 2.74-3.02) regarding the pandemic’s negative effects on medical education.

Conclusions Pre-interns reported improvements in residency preparedness after participating in this ACGME sub-competency-
based curriculum on Slack.

Introduction

Senior medical students between the time of the
Match and graduation (“pre-interns”) recognize a
disconnect between pre-clinical coursework and
clinical application,' making for a daunting transition
into residency. Beyond the baseline challenges of this
transition, the COVID-19 pandemic in the United
States displaced pre-interns from rotations in spring
2020 and forced a transition to safer virtual

educational modalities.>™
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Short intensive in-person boot camps have previ-
ously increased pre-intern preparedness'*~® across
many specialties, including emergency medicine
(EM), internal medicine, general surgery, obstetrics
and gynecology, orthopedic surgery, and other spe-
cialties. The Accreditation Council for Graduate
Medical Education (ACGME) includes asynchronous
learning as an option for providing structured
education within residency training programs.” Up
to 20% of planned didactic experiences in EM
residency programs may occur asynchronously as
individualized interactive instruction, which requires
faculty supervision and an evaluative component.'”
Several specialties have previously used asynchronous
curricula to teach residents,"'™"> and best practices
for incorporating asynchronous education into
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graduate medical education (GME) curricula for any
specialty have been recommended.'®!” Residency
programs have flexibility in determining how they
offer asynchronous learning experiences. Asynchro-
nous learning that occurs in a virtual collaborative
platform in the context of residency education is
novel, but is a concept supported by learning theories.
Connectivism promotes collaborative modalities
when additional knowledge is gained from group
interactions. '’

Social media platforms such as Slack (Slack
Technologies, San Francisco, CA) offer invitation-
based private workspaces as virtual classrooms for
groups to share and build knowledge. In line with
Knowles” adult learning theory*® and Deci and Ryan’s
self-determination theory,>! such platforms facilitate
asynchronous and self-directed learning, as pre-
interns can complete such curricula autonomously.*?
Slack was previously assessed as a virtual classroom
by our Slack Intern Curriculum (SIC) Consortium??
and 2 other medical education groups.”**’ Pre-
interns reported improvements in confidence, com-
fort, and perceived preparedness for residency (PPR)
regarding clinical topics gleaned from the ACGME
Emergency Medicine Milestones.*® As the pandemic
waxes and wanes, and as future global, national, or
regional emergencies surface, such innovative remote
learning solutions will play an important role in both
undergraduate medical education (UME) and GME.
Furthermore, even in a non-pandemic environment,
virtual learning experiences may prove a valuable
transition tool.

As medical educators discovered an unprecedented
need for remote teaching platforms to bridge the
pandemic-widened educational gap between medical
school and residency, we aimed to create and evaluate
a curriculum that could be delivered by residency
programs to their incoming interns before they
graduate from medical school. The curriculum would
be grounded in educational theory, based on the
ACGME Milestones, and designed for implementa-
tion on social media. Our objectives were to
understand pre-intern and instructor perceptions
regarding the pandemic’s impact on medical educa-
tion, utilization and perceived effectiveness of various
virtual educational modalities, and trends in PPR with
curricular implementation.

Methods
Setting and Participants

This study was prospective and occurred virtually
from March to July 2020. No research incentives
were offered. In spring 2020, we used national
medical organization message board posts to recruit
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Objectives

We aimed to assesses the effectiveness of a virtual multisite
ACGME sub-competency-based curricular implementation
for newly matched senior medical students transitioning
from UME to GME during the first US COVID-19 surge.

Findings

After implementation via Slack at 28 residency programs,
pre-interns’ self-perceived preparedness for residency in-
creased both overall and for 14 of 21 ACGME Milestone
topics taught.

Limitations

Participation was voluntary, objective knowledge acquisition
was not measured, only one specialty (emergency medicine)
was represented, and the Hawthorne effect may have played
a role.

Bottom Line

Traditional methods of training for UME-to-GME transitions
are vulnerable to disruption, and the social media imple-
mentation of this novel ACGME sub-competency-based
curriculum demonstrates significant improvement in self-
perceived preparedness for residency.

EM residency programs that would be willing to
deliver a curriculum to their pre-interns. Of 276 US
EM residency programs, 28 enrolled and designated
at least one instructor, the institutional title for whom
varied (program director, assistant/associate program
director, clerkship director, other academic faculty, or
chief/senior resident). Residency programs varied in
location (mainly Northeast region), primary training
site setting (14 were university and 14 were commu-
nity), length of training (22 were 3-year and 6 were 4-
year duration), and number of pre-interns (range 6—
25).%7 See online supplementary data for individual
program details and see FIGURE 1 for regional
breakdown and mean pre-intern class size. Our
average pre-intern to instructor ratio was 5:1. Each
institution was provided complete set-up and imple-
mentation instructions (see online supplementary
data). Each instructor contacted and taught only
their own institution’s pre-interns. We included all
incoming EM pre-interns matched to a participating
residency, and their participation was voluntary. See
online supplementary data for the pre-intern intro-
duction email.

Interventions

Kern’s 6 steps of curriculum development served as
our framework to identify gaps, conduct a needs
assessment, develop goals and objectives, formulate
an educational strategy, then plan the implementation
and evaluation.?” See online supplementary data for
our application of Kern’s framework. We assembled a
team at the primary institution consisting of EM
academic faculty and residents with prior years of SIC
research experience and evaluated each of the 23

Journal of Graduate Medical Education, December 2021 849

$S900E 93l} BIA /Z2-01-GZ0g 1e /wod Aioyoeignd:poid-swud-yiewlarem-jpd-awiid;/:sdiy wouy papeojumoq



EDUCATIONAL INNOVATION

Western:
3 Programs,
Avg Class Size 9.3

Northeastern:
12 Programs,
Avg Class

Southern: Size 13.2

4 Programs,
Avg Class Size 8.0

FIGURE 1

Enrolled Emergency Medicine Residency Programs by
Region

Abbreviation: Avg, average.

Note: Enrolled residency programs numbers and average incoming class
size by region, utilizing the Association of American Medical Colleges
regional breakdown of US emergency medicine residencies.?® Figure
created with permission from MapChart.

ACGME sub-competencies in EM?® for compatibility
with virtual learning. Our team identified sub-
competencies that could be taught and evaluated via
problem-based learning and case discussion on Slack
message boards. We deferred sub-competencies that
require in-person learning, such as multitasking,
professional values, and team management. We
considered 8 sub-competencies amenable, and we
extracted the 21 respective levels 1 and 2 Milestones
for curricular construction and assessment. See online
supplementary data for our selected ACGME sub-
competencies and Milestone topics. We matched these
8 sub-competencies with 8 common EM clinical
scenarios, covering a breadth of anatomic systems
and patient presentations. We addressed each sub-
competency several times in various contexts
throughout the curriculum. Clinical cases consisted
of introductions, visual stimuli, sequential clinical
questions, templated answers, conclusions, and re-
sources for further reading. Whenever applicable, we
used clinical media including imaging results and
procedure videos, embedded in the text of each
message board post as images, videos, or hyperlinks
such that instructors could simply copy and paste the
text for the post.

Instructors had access to our curriculum and
utilized it for implementation between Match Day
and the first clinical day of internship in 2020. Aside
from reading the SIC materials provided, no instruc-
tor training was required. Within each institution’s
private SIC channel on their private Slack workspace,
instructors posted the case material for their pre-
interns, typically over multiple days per case. Message
board posts could be seen by all invited channel
members, and there was no penalty for wrong
answers. We advised instructors to cover all cases
provided and in the recommended order, but to
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personalize content to their teaching methods and
promote discussion. While 2 different implementation
schedules were suggested to participating instructors,
each residency program was free to set the imple-
mentation schedule for its own educational activities.
Sessions were not coordinated to be delivered
simultaneously across residency programs, and pre-
interns and instructors did not have access to the
Slack message boards from residency programs other
than their own. See online supplementary data for
curriculum sample material and message board
dialogue.

Outcomes Measured

Our curriculum author team, with their prior UME,
GME, and SIC research experience, developed the
pre-intern and instructor surveys. We based pre-intern
PPR surveys on the same sub-competencies (levels 1
and 2 Milestones) taught with our curriculum. We
sought internal feedback on survey clarity and
usability and incorporated this into the final surveys
prior to distribution. See online supplementary data
for survey copies. We provided each participant with
a survey introduction disclosing the voluntary and
anonymous nature and describing data collection.
Informed consent was obtained with the first survey
question. We collected non-identifying demographic
information to allow comparison of pre- and post-
surveys. Given that each pre-intern was asked to
indicate their residency program institution, to
protect anonymity we did not ask them to disclose
the medical school attended. Pre-intern respondents
rated their PPR regarding the 21 levels 1 and 2
Milestones extracted from our 8 selected sub-compe-
tencies on both pre- and post-surveys. Our research
group has measured PPR previously in this manner
utilizing a Likert scale (1-5).*> We additionally
surveyed both pre-interns and instructors on their
experiences with education and training during the
pandemic, the effectiveness of commonly used virtual
medical education modalities, and the effectiveness of
the SIC. We elicited feedback about the SIC from both
parties on post-surveys. We used a paid, secured
SurveyMonkey account to construct and distribute
surveys and collect data (SurveyMonkey Inc, San
Mateo, CA).

Analysis of Outcomes

We determined sample size by the number of
consenting pre-intern survey participants. We as-
signed non-identifiable respondent codes to allow
for matching between pre- and post-survey responses.
In addition to descriptive statistics for stand-alone
questions, we employed unpaired ¢ test analysis to
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324 possible pre-intern

participants contacted

Excluded: 18 (5.6%)
did not complete
pre-survey

Pre-surveys

A

306 (94.4%)
completed pre-survey

Excluded: 9 (2.8%)
no consent on
pre-survey

297 (91.7%)

consented on pre-survey

Included pre-surveys:
297 (91.7% RR)

Excluded: 75 (23.1%)
did not complete
post-survey

Post-surveys

A 4

249 (76.9%)
completed post-survey

Excluded: 0 (0%)
no consent on
post-survey

249 (76.9%)

consented on post-survey

Included post-surveys:
249 (76.9% RR)

A

y

Follow-through rate: 83.8%
(pre- to post-survey)

FIGURE 2
Pre-Intern Enrollment Flow Chart
Abbreviation: RR, response rate.

Note: Enroliment flow chart showing pre-interns at each stage of enrollment. Non-discoverable unique identifier codes were created by pre-interns on
both pre- and post-surveys for pairing capabilities, but pre-intern data could still be used whether they opted to take both surveys or only one.

compare ordinal pre- and post-survey Likert scale (1-
5) response distributions for PPR. While ¢ tests are
infrequently used to assess for differences between
ordinal data, given the large sample size we can
assume that responses approach a normal distribution
by the central limit theorem, allowing valid use of this
analysis methodology. We did not give post-survey
participants their pre-survey responses. We analyzed
the PPR data using R version 3.6.1 for Windows (R
Foundation for Statistical Computing, Vienna, Aus-
tria).

The study protocol was exempt as determined by
each of the 28 participating institutional review
boards, informed consent was obtained at the
beginning of all surveys, and no funding was sought
or obtained.

Results

Of 324 possible pre-interns, 297 (91.7%) completed
pre-surveys in April/May and 249 (76.9%) completed
post-surveys in June/July. See FIGURE 2 for a flow chart
of pre-intern participant inclusion and exclusion at
every stage of enrollment. All 28 (100%) participat-
ing residency programs completed instructor surveys.
On a Likert scale from 1 (poor) to 5 (excellent),

instructors rated pre-intern engagement with the
curriculum to be better-than-average (mean 3.51,
95% CI 3.26-3.76).

At the time of the pre-survey, pre-interns reported
the number of weeks since performing a physical
examination in the emergency department (median
24, IQR 12-32) and in any clinical setting (median 8,
IQR 7-12). They reported the number of weeks since
their last in-person didactic (median 10, IQR 8-15).
They also reported on which asynchronous learning
modalities they had been using since Match Day. The
most commonly reported modalities (the top 3 were
online modules, live virtual lectures, and podcasts)
were used in the post-survey question regarding
educational effectiveness.

On post-surveys, the pre-interns provided subjec-
tive reports of the effectiveness of most frequently
cited virtual educational modalities, including the SIC
(see FIGURE 3). They also reported their total weeks of
clinical rotation displacement (median 4, IQR 2-6),
with the most commonly cancelled rotations being
intensive care and anesthesia. Of the 249 post-survey
participants, 48 (19.3%) reported graduating medical
school early, but only 11 (4.4%) started residency
early. Both pre-interns and instructors reported their
level of concern that COVID-19 had negatively
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Podcasts

Question Banks

FOAMed

Other Online Study Package

—_
—
=

—
_

Online Videos (YouTube, Other)

Slack Intern Curriculum (e —

Problem-Based Learning

Other Social Media-Based Education

Live Virtual Lectures

—
=
=

Team-Based Learning

—

Online Modules

Recorded Lectures

Textbook Reading

=
=
_
=

Journal Article Reading

1
Very Ineffective

2 3 4 5
Neutral Very Effective

FIGURE 3

Subjective Asynchronous Educational Intervention Effectiveness

Abbreviation: FOAMed, free open access medical education.

Note: Mean pre-intern Likert scale (1-5) report of effectiveness of various asynchronous educational modalities they reported using. Error bars represent
the 95% CI. Pre-interns were instructed to select “not applicable” for any educational modality they had not used.

affected medical education and training. On a Likert
scale of 1 (very unconcerned) to 5 (very concerned),
the mean concern level was significantly lower for
pre-interns (2.88, 95% CI 2.74-3.02) than for
instructors (4.32, 95% CI 4.23-4.41).

TasLE 1 depicts pre- and post-survey trends in pre-
intern PPR regarding the 21 milestone topics taught.
There was a significant increase in PPR both overall
and regarding 14 of 21 milestone topics. Participants
reported feeling more prepared in a wide variety of
EM skills, including forming a differential diagnosis,
forming a diagnostic plan, recognizing indications for
point of care ultrasonography, and interpreting
radiographic images.

Costs associated with curricular construction,
implementation, assessment, and all other materials
were borne “in kind” and there was no additional
financial support sought or received. See TABLE 2 for
the estimated cost breakdown.

Discussion

Pre-interns reported significant disruptions to clinical
educational experiences due to the pandemic but were
less concerned about this than instructors. Pre-interns
cited podcasts, question banks, and free open access
medical education (FOAMed) as the most effective
virtual learning modalities, while textbooks and
journals articles were cited as least effective. After
implementation of our ACGME sub-competency
based SIC, pre-interns reported significant improve-
ments in PPR both overall and regarding 14 of our 21
selected milestone topics.

Pre-interns’ relatively low concern about the
pandemic’s negative effects on their education may
be due to several factors. Prior literature has
suggested there is incongruence between medical

852 Journal of Graduate Medical Education, December 2021

student and educator perceptions of preparedness
for clinical practice,>® and this pattern has also been
demonstrated at more advanced stages of medical
training.>* Also, the nature of EM residency applica-
tion requires frontloading coursework into the senior
year of medical school, leaving most pre-interns with
little remaining coursework by Match Day.>® Addi-
tionally, medical students were generally already
comfortable with virtual educational modalities and
were using these methods prior to the pandemic.>®
The use of podcasts, question banks, and FOAMed
may be generational; today’s medical students are
more technologically inclined and engaged with
modern resources than texts and articles, which is
an effect that has previously been found among EM
residents.>”

Compared with prior SIC pilot data,** significant
PPR improvements were found for more milestone
topics (14 of 21 in the present study versus 6 of 21
previously) and sub-competencies (5 of 8 in the
present study versus 1 of 8 previously). Overall PPR
improved as well—an effect previously demonstrated
in Slack-based curricula.’ The modest (albeit statis-
tically significant) mean PPR improvements were
likely due to the limited time frame and inevitable
difficulties creating a virtual classroom that promotes
experiential learning theory. Some aspects of Kolb
and Kolb’s 6 characteristics of experiential learning®®
were integrable (eg, collaboration involves transac-
tions between the pre-interns and the virtual environ-
ment), but virtual classrooms themselves are not
holistic models of the clinical world to which pre-
interns must soon adapt. The nature of the curricular
design was grounded in Deci and Ryan’s self-
determination theory, which required pre-interns to
be intrinsically motivated to engage and to take an
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TABLE 1
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Breakdown of Estimated Costs for Construction, Implementation, and Collaboration Oversight for 8-case Slack Intern

Curriculum at 28 Residency Programs

Expense Category

Cost

Notes

Curriculum drafting

$429

Resident time required was 2 hours/case for initial drafting.
Assume annual resident salary $63,500 in the United States.>
Assume 45.5 hours/week, also US average.31

2 hours 1 week 1 year $63,500
8 cases X case X 45.5 hours x 52 weeks x year $429

Curriculum revision

$884

Faculty time required was 0.5 hour/case for critical revision.
Assume emergency medicine physician salary in the United States calculates
to $221/hour.”’

0.5 hour ~¢ $221 __
8 cases X 92hour 5 2221 _ g4

Curricular oversight at

$1,047

Resident time to answer questions and assist in coordination of implementation

primary site

= 13 weeks X 3-hours

at 28 sites was 3 hours/week for the duration of curricular implementation

(4/1/20-6/30/20 or 13 weeks)
1 k 1 $63,500
week 45.5Wisgurs 52 ﬁjels X year $1,047

Curricular implementation | $991 = Assume implementation required 0.5 resident hours/case and 0.5 faculty

(Slack and Google)

at all 28 sites hours/case (in reality this varied from institution to institution).
* Resident: 8 cases X %@iw X 451_5W/f§f,,5 X 521 ;//ee:als X sﬁ}i{froo = ins?i}:%on
+ Faculty: 8 cases X 03t x 321 — _smmt
o (o 3884 ) 28 institutions = $27,748
Materials $0 = Utilized only free open access resources and free tier membership online platforms

Total (28 institutions)

$30,108 | = $429 + $884 + $1,047 + $27,748 = $30,108

Note: Cost estimates are based on national emergency medicine resident

active role in learning.?’ While they received instruc-
tor feedback, there were no extrinsic rewards. The
way in which pre-interns engaged provides additional
evidence of success in developing a virtual curriculum
also underpinned by Knowles’ adult learning theo-
ry.? Instructors’ reports of pre-intern engagement
suggested pre-intern readiness to learn and percep-
tions that the learning was applicable. The SIC also
offered a unique opportunity for shyer pre-interns to
open up in a virtual setting. Similar to our findings,
other pandemic-time virtual classroom social interac-
tions have previously been described as different than
in-person venues.* Some of our instructors found
success scheduling real-time sessions in which all pre-
interns could engage in discussion on their Slack
workspace—a concept which has been previously
recommended in the literature.’” Pre-interns often-
times contributed their own anecdotes or resources to
contribute to group knowledge.

While many milestone topics showed significant
increases in PPR after the curriculum, one limitation is
the lack of objective data on knowledge or skill
acquisitions to fully support Kirkpatrick level 2b.*°
Only 28 (10.1%) of 276 possible EM residency
programs enrolled, which we speculate was due to
other commitments during the active pandemic surge
at the time of recruitment, and possibly also to email

30,31

and attending®? salary and annual work hour estimates.

fatigue from national EM organization message board
posts. We also were limited by lack of control data and
likely the Hawthorne effect because subjects were
aware they were being studied. It would have been
useful to compare SIC-participating PPR trends with a
national EM pre-intern trend during the unprecedent-
ed pandemic surge because non-participants may also
have experienced PPR improvement. Pre-intern par-
ticipation attrition was another issue, as family
commitments and moving were cited as common
barriers toward the end of implementation. Unpaired ¢
tests were thus implemented due to sample size loss
between pre- and post-survey response groups, but
given the large initial sample size, we felt this
approach was valid despite the groups lacking true
independence. Notably, the skewed geographic distri-
bution of participating programs prevents generaliz-
ability to all EM programs at this time. Additionally,
although we believe such a curriculum is generalizable
to other specialties and time frames in GME, there is
currently no hard evidence to support this speculation.

Future investigations will focus on evaluating
curricular outcomes beyond PPR by evaluating pre-
interns with methods of clinical knowledge assess-
ment that are well-established and show peak levels of
validity evidence. Incorporating pre-interns’ preferred
modalities for virtual education and curricular
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reconstruction using the updated ACGME Emergency
Medicine Milestones (effective date July 1, 2021),%¢ is
needed. Using various other specialties’ mile-
stones*'"** for generalizability across specialties and
using higher-level milestones for longitudinal GME
training via individualized interactive instruction are
also necessary. Finally, as enrollment of participating
residency programs grows, we will use the instructor
surveys to glean more high-quality data on factors
leading to their residency programs’ enrollment, as
well as instructor perceptions of their pre-interns’
PPR trends.

Despite the limitations to our study, we believe that
residency program leadership and educational faculty
can use our findings to guide implementation of
virtual UME-to-GME transition programs with the
intent of increasing pre-intern PPR.

Conclusions

After participation in our virtual ACGME sub-
competency based SIC, pre-interns showed significant
improvement in PPR both overall and regarding 14 of
21 milestone topics addressed. Pre-interns reported
displacement from significant in-person educational
experiences due to the pandemic but were less
concerned about the pandemic’s effect on their
education than instructors. Among the most common
pandemic-time virtual interventions, pre-interns cited
online and interactive options as more effective than
traditional offline and printed options.
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