Journal of the American Medical Informatics Association, 27(1), 2020, 175-180

doi: 10.1093/jamia/ocz178 /\ M | /\

Advance Access Publication Date: 8 October 2019 wrosancs proressionacs. Leaoma e way.
Review

Review

Training medical students and residents in the use of
electronic health records: a systematic review of the
literature

Akshay Rajaram (® ," Zachary Hickey,' Nimesh Patel,2 Joseph Newbigging, and
Brent Wolfrom'

'Department of Family Medicine, Queen's University, Kingston, Ontario, Canada, 2School of Medicine, Queen’s University,
Kingston, Ontario, Canada, and 3Department of Emergency Medicine, Queen’s University, Kingston, Ontario, Canada

Corresponding Author: Akshay Rajaram MD, MMI, 809-121 Queen Street, Kingston, Ontario K7K 0G6, Canada;
arajaram@qmed.ca

Received 1 May 2019; Revised 7 September 2019; Editorial Decision 9 September 2019; Accepted 12 September 2019

ABSTRACT

Objective: Our objectives were to identify educational interventions designed to equip medical students or resi-
dents with knowledge or skills related to various uses of electronic health records (EHRs), summarize and syn-
thesize the results of formal evaluations of these initiatives, and compare the aims of these initiatives with the
prescribed EHR-specific competencies for undergraduate and postgraduate medical education.

Materials and Methods: We conducted a systematic review of the literature following PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta Analyses) guidelines. We searched for English-language,
peer-reviewed studies across 6 databases using a combination of Medical Subject Headings and keywords. We
summarized the quantitative and qualitative results of included studies and rated studies according to the Best
Evidence in Medical Education system.

Results: Our search yielded 619 citations, of which 11 studies were included. Seven studies involved medical
students, 3 studies involved residents, and 1 study involved both groups. All interventions used a practical com-
ponent involving entering information into a simulated or prototypical EHR. None of the interventions involved
extracting, aggregating, or visualizing clinical data for panels of patients or specific populations.

Discussion: This review reveals few high-quality initiatives focused on training learners to engage with EHRs
for both individual patient care and population health improvement. In comparing these interventions with the
broad set of electronic records competencies expected of matriculating physicians, critical gaps in undergradu-
ate and postgraduate medical education remain.

Conclusions: With the increasing adoption of EHRs and rise of competency-based medical education, educators
should address the gaps in the training of future physicians to better prepare them to provide high quality care
for their patients and communities.
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INTRODUCTION colegal instrument and the data stored within are used for other
The adoption of electronic health records (EHRs) is rapidly acceler- administrative activities, including coding and billing. Healthcare
ating across the continent.' In addition to playing a critical role in systems are also beginning to harness the information contained in
facilitating and delivering patient care, the record serves as a medi- these records using advanced analytical methods (eg, machine learn-
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ing, natural language processing) for research and quality improve-
ment.” Given these applications and their increasing role in health
systems in delivering and overseeing care, current trainees need basic
knowledge and skills to be able to work effectively within this eco-
system to provide and improve patient care.>

Specifically, medical students and residents will need to become
comfortable with exercising the broad potential of the EHR: using
it to capture structured (eg, demographic, medications) and un-
structured (eg, progress notes) data during the patient encounter
(primary use) and harnessing and analyzing these aggregate data
for individual and population health (secondary use).* Although
competencies have been outlined in these areas at the undergradu-
ate and postgraduate levels, learners receive limited exposure to
EHR training during their formal education.”*® Additionally, inad-
equate EHR training can impair the ability of trainees in carrying
out their clinical responsibilities, increasing inefficiencies and user
frustration.”

While previous reviews on related topics exist, they are quite
dated. A review examining the scope of informatics training in fam-
ily medicine residency programs found only 6 articles discussing the
impact of EHRs on trainees and was published 20 years ago.® An-
other review examining the published literature dealing with infor-
mation technology (IT) in medical education found very little on
introducing and teaching electronic medical records (EMRs) to med-
ical students and residents and was published in 2009.° Other
reviews have been more comprehensive and rigorous, but have fo-
cused on the impact of health IT on the clinical encounter (eg,
doctor-patient communication).'® Given that EHRs have become
more common and more intensely used over the last decade, a re-
view of the recent evidence is warranted.

Currently, the scope of educational initiatives in practice target-
ing knowledge and skill development in the primary and secondary
use of EHRs is unknown. Recognizing that previous reviews uncov-
ered limited literature, we sought to be comprehensive and method-
ologically rigorous in our approach.

We conducted a systematic review of the literature following the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta Analyses) guidelines to (1) identify educational interventions
designed to equip medical students or residents with knowledge or
skills related to the primary and secondary uses of EHRs; (2) sum-
marize and, where possible, synthesize the quantitative and qualita-
tive results of any formal evaluation of these training initiatives; and
(3) compare the aims or results of these initiatives with the pre-
scribed EHR-specific competencies for undergraduate and postgrad-
uate medical education.

MATERIALS AND METHODS

As all data were previously published and publicly available, this in-
vestigation did not meet the criteria for local institutional review
board ethics approval.

Literature search

We searched for relevant English-language studies in CINAHL,
Cochrane Reviews, Embase, Eric, Medline, and PsycInfo with a spe-
cific focus on peer-reviewed journal articles, meta analyses, observa-
tional studies, and randomized controlled trials. We restricted our
search results to articles published in English, but did not restrict
dates. The end date for our initial and updated searches were August
9,2018, and March 13,2019, respectively.

Table 1. Search terms for systematic review

Component of review topic MeSH and or keyword search terms

residents OR interns

Residency OR internship OR
medical students OR

education OR medical education,
AND

Electronic health record OR
Electronic medical records

AND

Curriculum OR curricul*
Teaching OR teach*

Population

Intervention

“Outcome”

MeSH: Medical Subject Headings.

Search strategy
Table 1 outlines the terms used in our search strategy. Our search
strategy employed a combination of Medical Subject Headings
terms and keywords, including medical students, interns, and
internship; residents and residency; medical education—under-
graduate and medical education—postgraduate; electronic health
record or electronic medical records; and curriculum and teaching.
Recognizing that electronic records are classified according to the
purpose and setting of use, we use EHR broadly to include any re-
cord system used to collect information about a patient’s health.'!
Although we recognize that there are differences in EHR privi-
leges of medical students and residents, students are increasingly
being exposed to clinical clerkships in which they are responsible
for accessing EHRs for the purposes of retrieving or entering infor-
mation.'?
We also hand-searched the bibliographies of all included articles.

Eligibility

We included studies if they described an educational intervention
with the primary goal of exposing medical students or residents to
the spectrum of activities involving the EHR (eg, entry, extraction,
visualization, and analysis of data; navigation), outlined teaching
methods, and evaluated the effect of the intervention on educational
outcomes (ie, changes in knowledge, attitudes, or skills).

During level 1 and level 2 screening, we excluded those studies fo-
cusing exclusively on practicing clinicians, studies discussing interven-
tions delivered in settings that were not part of a learner-focused
course, curriculum, or initiative (ie, learners participating in training
because the department of the rotation he or she was on was undergo-
ing training); and studies using EHRs as a vehicle for teaching other
concepts (eg, quality improvement, patient safety), assessing history-
taking or physical examination skills, or improving performance in
other areas (eg, discharge summaries, e-prescribing). We also excluded
studies that did not evaluate outcomes related to the specific interven-
tion tested (eg, testing the accuracy of notes following EHR training)
as well as editorials, commentaries, conference abstracts or proceed-
ings, reviews, and studies that were not peer reviewed.

Two reviewers (Z.H., N.P.) independently screened abstracts
identified by the literature search for inclusion using a screening
form (level 1 screening). To ensure consistency in the application of
criteria, both reviewers screened a random sample of approximately
5% of the same articles and interrater reliability was confirmed.
Both reviewers then obtained and screened the full text of included
articles to determine final inclusion (level 2 screening). A third re-
viewer (A.R.) was available to resolve discrepancies.
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Data abstraction

Two reviewers (Z.H., N.P.) independently abstracted all data using
a standardized data abstraction form. Consistent with previous
reviews, we extracted curricular descriptors and key methodological
features and classified learning outcomes using Kirkpatrick’s model
(level 1: participation; level 2a: attitudes; level 2b: knowledge or
skills; level 3: behavior; level 4a: organizational practice; and level
4b: benefit to patients).'3

Assessment of study quality

Two reviewers (Z.H., N.P.) independently assessed included studies us-
ing the Best Evidence Medical Education (BEME) review protocol,
which has a 5-level rating system for strength of findings. BEME con-
siders evidence-based teaching to be a spectrum with no evidence avail-
able on one end and detailed evidence on the other.'* To assist with
grading this evidence, the protocol takes into consideration the quality
(eg, randomized controlled trial vs cohort study), utility (ie, generaliz-
ability to other settings), extent (eg, single vs multiple studies), strength,
target, and setting (ie, context) of the evidence.'* The grades itself are
on a spectrum, with level 1 describing studies without clear conclusions
and level $ indicating results that are unequivocal. In the case of this re-
view, these ratings were guided by an assessment of the study results,
including the strength of the intervention, number of enrolled learners,
congruency between the desired learning outcome and the measure
used to demonstrate change, validity of the measure, quantitative
change and its statistical significance, and extent to which the interven-
tion could be transferred and adopted without modification.

Analysis

Given the anticipated heterogeneity in curricula, we did not aggre-
gate abstracted data. We summarize educational content, teaching
methods, and learning outcomes using descriptive statistics.

RESULTS

Our electronic search yielded 619 citations, of which 11 studies met
inclusion criteria for qualitative synthesis. Figure 1 summarizes the
process through which studies were excluded. During level 1 screen-
ing, 485 articles were excluded. A total of 411 articles were found to
be unrelated to the topic at hand; 33 articles did not test the effect of
an intervention (eg, editorials, commentaries, or conference
abstracts), 24 articles used EMRs as a vehicle for teaching other con-
cepts, 10 studies focused on practicing clinicians, and 7 studies did
not evaluate outcomes related to the specific intervention tested.

All included studies involved learners at a single university.'S°
A total of 10 (91%) programs were based at universities in the
United States'>2"23"25 and 1 (9%) program was based in Canada.??
Seven (63%) studies involved medical students!®2%2>25 and 3
(27%) studies involved residents.'>**** One (9%) study involved

both medical students and residents.>!

Educational interventions and features

Supplementary Table I provides an overview of each study and its
characteristics, including the length and timing of the intervention,
descriptors, and content. Programs varied significantly in length and
scheduling: from a single 60-minute self-paced module reviewing
screenshots of different EHR sections*® and tasks to a S-week simu-
lated EHR curriculum involving a virtual patient and chart exer-

21

cises.” All interventions used a practical component involving

entering information into a simulated or prototypical EHR and 2

interventions provided students with an opportunity to practice
entering information with standardized patients.'®** Where
interventions incorporated didactic methods, content generally fo-
cused on principles of documentation, querying the record for spe-
cific information (eg, lab results, medications), coding, adding new
problems or medications, applying preventive guidelines, and order-
ing investigations or medications. None of the interventions in-
volved extracting, aggregating, or visualizing clinical data for panels
of patients or specific populations.

Study designs, learning outcomes, and evaluation
methods

Supplementary Table II summarizes the study designs, learning out-
comes, evaluation methods, and main findings by the BEME rating

assigned. More than one-third of studies employed some form of a

15,17,22,24

pre/posttest design and 3 studies used a defined control

group.>1%23 Nine (82%) studies were focused on changing skills'>~
1922225 and 2 (18%) were focused on changing attitudes.***! Di-

verse evaluation methods were used, including quizzes and surveys

17,20,25

to assess knowledge and attitudes (27%), self-reported ques-

tionnaires to assess knowledge or skill acquisition (27%),15:22%

1921 and objective

16,23

assessments of learners’ electronic charts (18%),
structured clinical examinations with standardized patients.

Main findings

Where quizzes and surveys were used as evaluation methods, learn-
ers generally performed well following completion of the educa-
tional activity and reported high levels of satisfaction with the
activity.'2%21:2% In the case of studies employing a control group,
results were mixed. Two (18%) studies demonstrated no difference
in assessed outcomes between learners exposed to the educational
intervention or activity and the control group.'*'® The other study
demonstrated that learners participating in the educational activity
scored higher on standardized patient assessments during an objec-
tive structured clinical examination.*?

BEME ratings

One (9%) study was classified as level I (no clear conclusions),?® 2
(18%) studies were classified as level II (results are ambiguous but
exhibit a trend),'®2! 5 (45%) studies were rated as level III (conclu-

15-17,22.24 and 3 were classi-

19,23,25

sions can probably be based on results),
fied as level IV (results are very clear and likely to be true).
The level II studies either used a retrospective design'® or did not re-
port student performance on assessments of skill acquisition.” Level
III studies often employed a prospective pre/posttest design and
reported the results of their evaluation measures. In addition to us-
ing prospective posttest designs, all level IV studies involved more
than 100 learners and used more objective measures to assess

changes in learning outcomes among participants,'*>32°

DISCUSSION

We identified 11 studies describing educational interventions fo-
cused on training undergraduate or postgraduate medical learners in
the uses of EHRs. The majority of studies targeted medical students
and used a prospective, posttest design with quantitative measures
to assess skill acquisition. With the recent shift to competency-based
medical education and a focus on core entrustable professional
activities, a number of competencies regarding EHR use have been
proposed.>®¢ Unfortunately, gaps remain when comparing the ed-



178 Journal of the American Medical Informatics Association, 2020, Vol. 27, No. 1

search

48 in CINAHL
241 in Cochrane
130 in EMBASE
4in ERIC

162 in MEDLINE
34 in Psyclnfo

619 Gitations identified following it

Y

=| 96 duplicates removed

523 unique citations identified in literature

485 citations excluded

Y

Y

following Level | Screening

38 citations met criteria for Level Il Screening

29 citations excluded:
Abstract, commentary or review
article (n=12)

Study did not fit inclusion criteria

[y

A 4

or met exclusion criteria (n=7)
Learners were not medical
students or residents (n=4)
No intervention (n=3)

No measured outcomes (n=3)

0 relevant citations found in

hand search

2 relevant citations found

A

h 4

during updated search
strategy

and synthesis

11 papers included in the data abstraction

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta Analyses) flow diagram.

ucational activities and learning outcomes identified by our review
to these competencies.

For example, before beginning clerkship, students are expected
to be able to describe the components, benefits, and limitations of
EHRs; the principles of managing and using aggregated electronic
health information, including tenets of electronic documentation as
well as differences between unstructured and structured data entry;
and articulate standards for recording, communicating, sharing, and
classifying electronic health information in the context of a medical
team.”® They are also expected to be able to identify how systems
may generate inaccurate data, discuss how data entry affects direct
patient care and healthcare policy, gather relevant data from EHRs,
and assess the reliability and quality of these data.?®

Building on these milestones, clinical clerks are expected to doc-
ument and retrieve information from EHRs in an accurate and

timely fashion; enter data in EHRs in a way that supports clinical
decision making, patient care, and tracking of outcomes; use
decision support tools within the EHR; use outputs from an EHR to
develop tailored resources for patients and families; and report defi-
ciencies or errors in EHRs that may impact the integrity of health in-
formation.?® They are also to develop an awareness and working
knowledge of health informatics through chart audits and research
projects, describe examples of how health system use of data are rel-
evant in medical practice, and demonstrate use of structured data.>

In the context of these proposed competencies, our findings sug-
gest critical gaps. The majority of EHR educational activities we
reviewed targeted clinical clerks as opposed to first- and second-year
medical students. Where interventions were designed for preclerk-
ship students, they primarily involved patient-centered use of the
EHR and documentation with no focus on the secondary aggrega-
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tion, extraction, and appraisal of these data. Similarly, studies
involving clerks primarily involved documenting in or updating the
EHR and applying best practices with respect to EHR use in patient
encounters (eg, being seated facing the patient, sharing the screen).
None of the studies we reviewed involved learners using adjunctive
tools (eg, decision supports), creating patient resources, or conduct-
ing audits of recorded information.

We were surprised by the small number of studies targeting resi-
dents, especially in light of the significant time they spend interact-
ing with the electronic record.”” We anticipated that this review
would reveal a large number of studies targeting the development of
EHR competencies among diverse groups of residents, especially
those in specialties where information retrieval and analysis are
closely linked to the provision of comprehensive and continuous (eg,
family medicine, internal medicine) or episodic (eg, emergency medi-
cine) care. In contrast, only 1 study involved internal medicine

interns”

! and none of the included studies included emergency medi-
cine trainees.

Despite the limited number, studies involving residents employed
more robust educational interventions (eg, simulated EHRs with vir-
tual patients) and focused on a greater diversity of topics (eg, main-
taining an accurate EHR, ordering laboratory tests and imaging,
ensuring the privacy and security of health information, coding and
classifying information). Given these strengths, other postgraduate
programs may consider structuring new EHR training curricula on
these existing interventions, but incorporating more objective ways
of testing competency development as opposed to self-reported
changes in knowledge and skill acquisition. A competency assess-
ment tool for first-year residents developed by Nuovo et al” is one
potential method applicable to a number of different specialties
working in different clinical environments.”

Others have explored the barriers for competency development

in this area among learners. Borycki et al'!

described a shortage of
health professional faculty with health informatics competencies
and experiences capable of designing curricula and teaching
students. Folded into this constraint is the issue of limited time and
competing demands within undergraduate and postgraduate
medical curricula to incorporate learning events (eg, lectures,
problem-based sessions) and experiential opportunities (eg, research
projects). As EHRs are often managed by departments within hospi-
tals or health networks whose primary focus is patient care and not
education, tailoring systems often requires time and money for
reconfiguration, authorization, and maintenance.?® Finally, as stu-
dents and residents train in a variety of settings, they may be over-
or underexposed to different types of EHRs, making it difficult to

develop fluency with key tasks.!'*%

Limitations

We provide several reasons to interpret our results with caution.
First, as with any review, our search strategy focused on the pub-
lished literature and may have missed studies in the peer-reviewed
and grey literature. We attempted to mitigate this publication bias
by using a broad set of Medical Subject Headings terms, keywords
and databases. We also acknowledge that institutions may have edu-
cational activities related to the EHR in place as part of orientation
programming, but have not studied the impacts of these activities or
published the results of evaluations.

Our small sample size is another limitation. This highlights the
limited literature on educational interventions related to EHR use
targeting medical students and residents that have an evaluation of
learning outcomes. The paucity of studies also serves a likely marker

of little educational activity in this domain and underscores the
importance of continued research in these areas. The substantial het-
erogeneity in design, use of measurement instruments, and outcomes
also prevented more in-depth quantitative analyses and comparisons
across studies.

We also recognize that a significant number of trainees have had
exposure to the EHR before their medical training as scribes and
that inclusion of these individuals in studies may have affected the
results. The articles included in this review did not list the prior aca-
demic training of included learners, making it challenging to deter-
mine whether the results of interventions were impacted. While this
limitation could not have been easily mitigated, it represents an im-
portant consideration for future work in this area.

CONCLUSION

Following a systematic review of the literature, we identified a lim-
ited number of studies highlighting educational interventions tar-
geting medical students and residents in the primary uses of EHRs.
In the context of increasing adoption of EHRs, the use of advanced
analytical methods to extract and analyze patient data stored in
the electronic record, and competency-based medical education,
critical gaps in the training of future physicians remain. Future
work should seek to close these gaps by addressing barriers to
EHR use, building on existing initiatives, and sharing best practi-
ces and successes.
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