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INTRODUCTION

Background, Rationale, and Specific Aims:

Many medical errors are preventable'; we can reduce those preventable errors by training
physicians to develop adaptive expertise. Adaptive expertise is the ability to apply existing
skills and knowledge to solve novel problems and manage uncommon situations.? This type
of expertise can help physicians reduce medical errors when they manage novel clinical cases
not previously encountered during training.® However, residency curricula often fail to
emphasize and assess this core learning outcome. One missed opportunity for improving
adaptive expertise is Error Management Training (EMT), a teaching method that capitalizes
on the value of making mistakes when learning. Making errors while learning in non-clinical

environments such as simulation improves transfer of skills to new contexts, thus reducing
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errors when physician confront novel clinical scenarios.* Although EMT has been shown to
improve adaptive expertise specifically in procedural skills, its impact on cognitive skills in
medical training remains underexplored.>” EMT promises to improve patient care by
accelerating the development of physicians’ adaptive expertise. However, to effectively
incorporate EMT into residency training, we need further evidence for its efficacy in
developing cognitive skills in graduate medical education and a model for modulating its

components in a residency curriculum.

Our long-term goal is to create a body of evidence supporting the use of EMT in residency
training to develop adaptive expertise. The main objective of this study is to determine
whether EMT improves adaptive expertise for a cognitive skill in medical education, using
head computed tomography (CT) interpretation as a model. This cognitive skill provides an
ideal model for investigating EMT since we can precisely measure performance when
comparing learning strategies. Our central hypothesis is that EMT, compared to error
avoidance training (EAT), will improve adaptive expertise when used to teach head CT
interpretation to emergency medicine residents. To test this hypothesis, we will conduct a
three-arm randomized controlled trial (RCT) comparing two EMT and one EAT learning
strategies. Our pilot RCT on head CT curriculum design and assessment provides the
feasibility data and educational material for this study.® Prior simulation studies used EMT to
improve transfer and adaptive expertise when teaching ultrasound, central venous catheter
placement, and lower extremity fasciotomy.>’ Showing that EMT produces a similar outcome
when used to teach the cognitive skill of head CT interpretation will provide the foundational

evidence for expanding our use of EMT in residency training. Our specific aims are:

Aim 1. To determine whether EMT improves adaptive expertise with cognitive skills, as
compared to EAT. We will conduct a multi-center RCT across 7-10 geographically diverse
emergency medicine residency programs. We will deliver EMT and EAT head CT educational
interventions virtually using a web-based radiology simulation platform and assess diagnostic

accuracy using a validated head CT interpretation post-test.

Aim 2. To ascertain how the number of learner errors mediates the effect of EMT on skills
transfer. We will modulate the experience of making errors between two EMT cohorts in the
RCT and carry out a mediation analysis, which will elucidate the importance of making errors
to achieve transfer. We hypothesize that the number of errors during training will positively

mediate improvement in adaptive expertise (transfer of skills to new cases).
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Aim 3. To determine whether prior residency training, as defined by higher post-graduate
year (PGY) level, leads to higher adaptive expertise improvement through EMT. We will
stratify post-test scores by PGY level and compare the interaction effect of the two factors:
cohort and PGY level.

Using errors during training to develop adaptive expertise can ultimately help physicians
reduce errors during unsupervised practice. Our work aims to provide a tool that residency
programs can use to capture this benefit. This study will establish the groundwork for future
experiments to determine how we can apply EMT to other cognitive skills in medical
education. Producing evidence for using EMT and optimizing its implementation enables us

to transform our curricula so that we can use adaptive expertise to improve patient care.

METHODS

Trial design:
A three-arm, parallel-group, blinded randomized controlled trial comparing two EMT

learning strategies (EMT-1 and EMT-2) and one EAT learning strategy.

Study setting:

We have recruited 14 emergency medicine residency programs to be potential sites:
Stanford University, Highland Hospital, University of California San Francisco, University of
California Davis, University of California Los Angeles, University of Texas Health Science
Center at Houston, University of Oklahoma Tulsa, University of Wisconsin, University of
Chicago, University of Michigan, Vanderbilt, University of Alabama, The Ohio State

University, and Brown University.

Participants:

Emergency medicine residents PGY 1-4 at the included programs will be eligible and invited
to participate. A subset of emergency medicine residents will be part of a pilot phase of the
study to collect validity evidence for the curriculum and post-test; those residents will be

excluded from the study.
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Study Procedure:

All participants will complete an online head CT curriculum focused on identifying intracranial
hemorrhage and increased intracranial pressure, followed by a post-test. The curriculum and

post-test will be completed during residents’ regularly scheduled virtual didactic conference

time.

Interventions:
There will be two intervention cohorts and one control cohort. Each cohort will receive the
same head CT teaching cases and written educational content, however, the learning

strategy used to present the content will differ between cohorts.

Teaching cases will be hosted on Pacsbin (pacsbin.com), a web-based radiology picture
archiving and communication system (PACS). Pacsbin is a HIPAA compliant online platform
for storing and sharing radiology cases. Pacsbin allows learners to scroll through CTs and
adjust brightness/contrast as they would on their institution’s radiology PACS. Scrolling
through head CTs reproduces the cognitive activity used to identify critical findings in clinical
practice. We previously collected head CT cases from patient encounters in the emergency
department (ED), anonymized them, and uploaded them to Pacsbin. These cases represent
common diagnoses encountered in the ED (e.g., intracranial hemorrhage, increased

intracranial pressure) and include the critical findings that would change management.

For each teaching case, residents in the EMT-1 cohort will first have to scroll through the
head CT with no guidance on how to identify the critical findings. Then they answer a brief
set of questions about that CT. Residents will immediately see which of their answers are
correct and incorrect. These are difficult questions that residents are likely to answer
incorrectly, thus making them aware that they made errors. After answering the questions,
they go to an explanations page on Pacsbin. This explanations page uses the same head CT
case they just scrolled through. The written teaching points walk them through the scan and
show them how to identify the critical findings. The EMT-2 cohort is identical to the EMT-1
cohort with the exception that the EMT-2 cohort encounters easy questions that they are
likely to answer correctly, thus preventing them from having the overt experience of making
errors. The EAT cohort will receive instructions on how to read a head CT and will scroll
through the CT as directed by the on-screen instructions. They navigate directly to the
explanations page for each case, thus preventing them from having a period of free

exploration while scrolling through the CT without guidance and preventing them from
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having the overt experience of making errors. We will pilot this curriculum to collect validity

evidence for the difficult and easy questions embedded within the curriculum.

Outcomes:

Our primary outcome is adaptive expertise, as measured by learners’ scores on a head CT
interpretation test using cases that contain findings related to but not addressed during the
teaching session, thus assessing their ability to transfer their skills. There will be three
secondary outcomes. First, we will assess immediate post-session proficiency (routine
expertise), as measured by learners’ scores on a head CT interpretation using cases that
specifically assess the direct learning objectives from the teaching session. Second, we will
assess the mediation effect of errors made during training. We will measure the number of
errors made during the training phase by the EMT-1 and EMT-2 cohorts, and then conduct a
mediation analysis using the number of errors made during training as the mediator variable.
Third, we will assess the effect of prior residency training on both adaptive and routine
expertise, by first stratifying post-test scores by PGY level and then comparing interaction
effects between cohort and PGY level. We adapted a head CT interpretation test from a
prior study and will collect validity evidence for using the test in this study. The prior study
collected content and response process validity evidence.? We will conduct a pilot phase to
collect additional response process validity evidence and conduct item analysis using

discrimination index and item difficulty.

Sample size:

A sample size of 46 subjects per cohort will have 80% power at the 0.05 significance level to
detect a difference of 6% (medium effect size) between EAT and either EMT cohort (in a
conservative model with no difference between the two EMT cohorts). We used the standard

deviation from a validated head CT interpretation test from a prior study.

Recruitment:
Emergency medicine residents PGY 1-4 in included programs will be invited by email to
participate in the study. They will receive a consent form describing the study and their

involvement. The sites leads at each residency program will also announce the study.

Allocation:
Each residency progam will undergo its own randomization process (to account for program-

level confounders). Residents who consent to participate will be stratified by PGY and then



175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

block randomized (1:1:1) to one of the three cohorts. Randomization blocks (block size of 3)

were generated using Research Randomizer (www.randomizer.org).

Blinding:
Participants are blinded to the study hypothesis. Participants will be assigned a unique,

random study identifier which will be used to deidentify their post-test scores.

Data collection and management:
Post-test scores will be stored on REDCap and accessed via a password-protected computer,

using the Stanford Whole Disk Encryption.

Statistical Methods:

We will compare post-test scores on the adaptive and routine expertise cases using one-way
analysis of variance (ANOVA), with planned pairwise comparisons between the three cohorts.
We will compare the number of errors made on the training cases by the EMT-1 and EMT-2
cohorts using a two-tailed independent t-test. We will then perform a mediation analysis
using Hayes PROCESS macro for SPSS, with learning strategy as the independent variable,
number of errors during training as the mediator variable, and post-test score on adaptive
expertise cases as the outcome variable. We will assess the effect of PGY level on post-test
scores using two-way ANOVAs (factors were cohort and PGY level). We will calculate effect
sizes using n? and Cohen'’s d, where applicable. We will perform all statistical analyses on
SPSS version 28 (IBM).

Ethics:

Participants will receive a consent form via automated email from REDCap at least two weeks
before the intervention, describing the study and their involvement. Their written consent will
be stored on REDCap. Site leads will not have access to these consent forms. The
participants will understand that their decision to participate will be kept anonymous from
their residency leadership and that their decision to participate will not affect their evaluation

as a resident.

Participation in this study will pose minimal risks to subjects. Participants may feel some
cognitive discomfort completing the head CT instructional session since the training will be

dissimilar from the lectures they are accustomed to receiving. They may also feel some
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cognitive discomfort while completing the post-test. Residency program leadership will not

have access to their residents' individual post-test scores.

This study has been approved by the Stanford Institutional Review Board on 4/14/2022,
protocol # 64099.
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