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ABSTRACT

Background: Literature describing the effectiveness of teaching strategies in the clinical setting is
limited. This realist synthesis review focuses on understanding the effectiveness of teaching strat-
egies used in the clinical setting.

Methods: We searched ten databases for English language publications between 1 January 1970
and 31 May 2017 reporting effective teaching strategies, used in a clinical setting, of non-proced-
ural skills. After screening, we used consensus to determine inclusion and employed a standardised
instrument to capture study populations, methodology, and outcomes. We summarised what strat-
egies worked, for whom, and in what settings.

Results: The initial search netted 53,642 references after de-duplication; 2037 were retained after
title and abstract review. Full text review was done on 82 references, with ultimate inclusion of 25
publications. Three specific teaching strategies demonstrated impact on educational outcomes: the
One Minute Preceptor (OMP), SNAPPS, and concept mapping. Most of the literature involves phys-
ician trainees in an ambulatory environment. All three have been shown to improve skills in the
domains of medical knowledge and clinical reasoning.

Discussion/conclusions: Apart from the OMP, SNAPPS, and concept mapping, which target the
formation of clinical knowledge and reasoning skills, the literature establishing effective teaching
strategies in the clinical setting is sparse.

Background

Practice points

e The One-Minute Preceptor and SNAPPS are the
only well-established teaching strategies consist-
ently proven effective in the clinical setting.

e Concept mapping may be an effective strategy for
teaching clinical reasoning in the clinical setting.

e There are no well-established, specific teaching
strategies utilised in the clinical setting shown to
improve skills in the domains of empathy, com-
munication, or professionalism.

A substantial portion of health professions education
occurs in clinical settings, yet how clinical skills are best
taught within them is not well understood. Because of this
knowledge gap and the challenge of providing health pro-
fessions education in complex workplaces, educators and
researchers have observed or devised numerous and varied
approaches to foster learning in the clinical setting—gener-
ally based on educational and behavioural theories and the
current understanding of knowledge and skills acquisition
(Spencer 2003a; Kilminster et al. 2007; Ramani and Leinster
2008; Ende et al. 2010; Gaberson and Oermann 2010;
Nilsson et al. 2010; Conn et al. 2012; Abdool and Bradley

2013). Although these approaches and theories certainly
provide guidance for those engaged in clinical teaching,
the most optimal, direct, and the specific application is not
always apparent to frontline clinicians or health professions
educators. In support of this argument is a body of litera-
ture filled with suggestions on strategies that teachers
could use, with most of these publications failing to docu-
ment efficacy on skills formation (Cunningham et al. 1999;
Dave 1999; Roth et al. 2003; Wolpaw et al. 2003; Irby and
Bowen 2004; Irby and Wilkerson 2008; Barrington and
Street 2009; Certain et al. 2011; Back et al. 2013; Brown
and Bush 2013; Stickrath et al. 2013; Chretien et al. 2014;

Chamberland et al. 2015; Chew et al. 2016; King et al.
2016). To address this knowledge gap, several reviews have
sought to establish the impact of general teaching meth-
ods on competency formation (Aspegren 1999; Issenberg
et al. 2005; Veloski et al. 2006; Hammick et al. 2007;
Colthart et al. 2008; Craig 2011; Birden et al. 2013; Reeves
et al. 2016), while others have effectively summarised well-
known clinical teaching strategies (Cayley 2011; Chinai
et al. 2018). Unfortunately, neither of these more focused
summaries (Cayley 2011; Chinai et al. 2018) took a system-
atic approach to identify potentially relevant literature, and
both focused on a narrow learner group (physician only) in
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a specific clinical setting. Recognizing that the effectiveness
of instructional strategies is often dependent upon the
context of the learning environment (Ramani and Leinster
2008) but that strategies used in one context or discipline
could have applicability to other contexts or disciplines,
this review seeks to expand upon this important prior
work. It examines more broadly the topic of effective
teaching strategies used in a clinical setting, including
those studied in the training of non-physician health pro-
fessionals. Specifically, this BEME realist synthesis review
seeks to answer the unanswered question: Which clinical
teaching strategies are effective in what contexts and
among which health professional learners?

Methods
Rationale for using a realist synthesis review

A realist synthesis review is an interpretive review that
seeks to synthesise the existing literature to determine
how and why certain interventions were effective and for
which individuals (Ellaway et al. 2016; Mertens et al. 2018).
We elected to conduct this type of review for three rea-
sons. First, the body of literature related to teaching in the
clinical setting is expansive. Thus a focused search
approach may miss important literature. Second, the clin-
ical environment is complex, and interventions in one set-
ting may or may not be generalizable to others. Third,
based on our preliminary scoping review, the interventions,
teacher and learner populations, the outcomes of interest,
and the methodology used to assess impacts were highly
variable. Consequently, to fully answer the question for the
medical education community around what works in clin-
ical education, for whom and when, the current literature
required a realist synthesis approach of connecting the
context of clinical bedside teaching, with the mechanism
of teaching, and the learning outcomes. For guidance, the
authors used the Realist Synthesis RAMESES training mate-
rials (Wong et al. 2013, 2017)

Development of an analytic framework, screening,
and selection

The study populations of interest were trainees from across
the health professions: medicine, nursing, occupational and
physical therapy, speech-language, pharmacy, midwifery,
dentistry, and veterinary medicine. These disciplines were
selected because (1) they all involve learning and teaching
in a clinical setting and (2) all seek to develop competency
in most (if not all) of the outcomes of interest, which
included clinical reasoning, medical knowledge, physical
examination, professionalism, empathy, patient-centered-
ness, and communication.

Importantly, this review is limited to non-procedural skills
teaching. While the optimal teaching of procedural skills
often shares general elements with the teaching of non-pro-
cedural skills—for example, structured feedback and debrief-
ing—procedural skills formation also typically relies upon
cadavers, physical models, skills labs, video-recordings, or
simulation centres (Hayden and Panacek 1999; Greif et al.
2010; McGaghie et al. 2010; DaRosa et al. 2013; Irvine and
Martin 2014; Allavena et al. 2017; Soucisse et al. 2017;

Causby et al. 2018). Furthermore, procedural skills have add-
itional steps in the learning process that go beyond cogni-
tive knowledge and involve psychomotor/haptic/sensory
input and require repeated practice until automation is
achieved (Lake and Hamdorf 2004; Grantcharov and Reznick
2008). These differences suggest that a teaching strategy ori-
ented toward cognitive learning may not necessarily transfer
to psychomotor skills learning. Separately, the initial scoping
review suggested that expanding the literature search to
include strategies for the teaching of procedural skills would
yield too many publications to feasibly screen and review.
For these reasons, this review is restricted to strategies used
for teaching non-procedural skills.

One of the more challenging elements of this review
was reaching a shared definition of ‘teaching strategy.’
Authors ultimately agreed upon a narrow definition of
‘strategy’ as a specific, clearly defined structure for the
teacher/learner interaction. Strategies needed to be more
than a mnemonic device, checklist, or worksheet. This deci-
sion necessarily excluded from the analysis a number of
described approaches to diagnostic reasoning (Woods et al.
2014; Chew et al. 2016) and clinical precepting (Roth et al.
2003). It also excluded general teaching approaches taught
in a variety of ways, including: ‘reflection,” ‘role-modelling,’
‘learning contracts,’ ‘feedback,’ and ‘activated demonstra-
tion.” Fortunately, others have addressed, or are currently
reviewing, many of these broader topics (Aspegren 1999;
Issenberg et al. 2005; Birden et al. 2013; Passi et al. 2013;
Reeves et al. 2016).

The strategy also needed to be consistently named
throughout the literature, highly reproducible, and feasibly
implemented with minimal written and/or in-person
instructions, thereby excluding simulations and curricula
offered on a larger scale (for example, full courses on com-
munications training). The RIME framework and the mini-
CEX were characterised as assessment tools, not teaching
strategies, and therefore excluded.

Finally, ‘structural’ changes to the teacher-learner-patient
interaction without utilisation of a specific teaching strat-
egy fell outside the focus of this review. For example,
teaching at the bedside versus removed from the patient
(Gonzalo et al. 2010) and changes to teacher/learner pair-
ings (Bell and Turner 2010; Clementz et al. 2015;
Doumouras et al. 2015) were excluded.

Search strategy

A health sciences librarian (BH) conducted a literature
search between the dates of August 29, 2017 and
September 5, 2017. English language citations from 1970
to the present were retrieved from the following databases:
Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Ovid MEDLINE(R) Daily, Ovid
MEDLINE and Versions(R); psychINFO via Ovid; Embase.com;
CINAHL via EBSCO; ERIC via EBSCO; Web of Science;
ProQuest Dissertations; Google Scholar; WorldCat (first-
search.oclc.org); Library of Congress (loc.gov). Because of
resource limitations that precluded translation, only articles
published in English were reviewed.

The search had two phases. Phase 1 focused on
(unknown) specific named strategies used in a clinical set-
ting to teach non-procedural skills. Text words and their
corresponding Medical Subject Headings (MeSH) and



Emtree (Embase controlled vocabulary) terms were identi-
fied by examining language associated with known named
teaching strategies. Additional search terms were identified
through expert content knowledge. In Phase 2, the search
strategy focused on the basic structure: non-procedural
skill + teaching (see Supplementary Appendix for full search
strategy). This strategy was applied to all of the above
databases, with simplified versions run in databases with
limited search capabilities (WorldCat, Library of Congress,
Google Scholar, ProQuest Dissertations). In non-medical
databases (ERIC, Web of Science), additional search terms
naming the medical personnel of interest (residents, junior
physicians, etc.) were included to limit irrelevant results.
The librarian (BH) uploaded these search results and add-
itional hand searched citations to EndNote and then to the
reference manager Covidence for review.

Upon completion of phase one, 153 named teaching
strategies were identified. These were tested and refined to
maximise specificity (highly relevant results). A second
search was run for these named strategies in the primary
medical databases of Ovid Medline and Embase.com on 29
March 2018 with no date or language restrictions. These
results were combined with those generated from the
first search.

Inclusion and exclusion

Through title review, two authors (CP and CS) made the
initial determination about whether to potentially include
or exclude articles based on all of the following: relevance
to our topic, use of a named teaching method or strategy,
study among a health professional population, the meas-
urement of pre-specified outcomes of interest as defined in
our protocol, and availability of full publication in the
English language. We excluded letters and commentary.
Following the title review, two authors (CP and CS)
reviewed publication abstracts and, where necessary, full
texts of publications to further determine the appropriate-
ness for potential inclusion. From these identified texts,
both specific, named strategies and more general themes
(for example ‘reflection’ and ‘activated demonstration’)
were extracted. The group (CS, JC, EA, DI, CS) then dis-
cussed in several conference calls each general teaching
method and specific strategy. Determinations about final
inclusion were made using the consensus definition of a
‘teaching strategy.’

Protocol modifications

Three modifications to our original protocol were made.
First, a planned search of MedEdPortal (www.mededportal.
org) ultimately became a limited search of this database as
our initial two-step search yielded more than 50,000
articles, suggesting our literature review was adequately
comprehensive. The group also surmised that if there were
strategies described in MedEdPortal with demonstrated
effective educational outcomes, they would likely have
been published elsewhere in the literature.

Second, although the initial plan was to have two inde-
pendent investigators extract data for each included publica-
tion, there were very few discrepancies identified in
comparing the initial independent data extractions made by
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the different authors. Moreover, because two members of
the group (EA and DI) had authored candidate publications
for inclusion in the final analysis, they were not assigned to
review or extract data from publications they had authored.
Thus, data extraction for the residual candidate publications
was ultimately only done by one author (CP).

Third, although in the original protocol, the authors pro-
posed start date of 1946 for the search period, it became
apparent during our search implementation that identifying
literature prior to 1970 in the electronic databases would
be problematic, as would obtaining the manuscripts for
screening any identified candidate publications. Thus, only
literature from 1970 onwards was included.

Data extraction

Where necessary to fully inform our group decisions about
inclusion or exclusion, all data on methodology, study pop-
ulations, and outcomes were extracted from candidate
publications into our standardised data collection tool
(Pierce et al. 2017) (Appendix S1) using a REDCap
(Research Electronic Data Capture) electronic data capture
tool. This tool was adopted from previous published BEME
data collections forms (Veloski et al. 2006; Reeves et al.
2016) based on the needs of this specific review.

Analysis and synthesis

To help answer the question of ‘for whom' strategies
worked, the authors determined the learner and teacher
populations in which each strategy has been studied. As
terminology for the level of the trainee can vary, general
categories of pre-licensure, limited licensure (requiring
supervised practice), and full licensure (able to practice
independently) were used. The specific teacher population
(faculty or other trainees more senior than the learners)
was identified. The various clinical settings in which the
strategies had been shown effective were also identified.

Next, the mechanism was identified based on whether
learners or teachers were mostly responsible for its use. If
effective strategy implementation required a learner orien-
tation and that the learner initiates its use, it was classified
as ‘learner-led.” Conversely, if the teacher required orienta-
tion to the strategy and was primarily responsible for its
application, it was classified as ‘teacher-led.” If both parties
required training and shared responsibility for implementa-
tion, it was classified as ‘collaborative.” Lastly, the key out-
comes each strategy impacted were extracted and noted
as desirable (+), undesirable (—), or not significant (0).

The relative quality of evidence for a specific strategy
was determined based on both the number of studies and
their rigor. Studies lacking a comparison/control group
were deemed relatively lower quality. High-quality studies
included a comparison group, and those of the highest
quality were randomised. Studies in which the outcomes
were measured using direct observation of behaviour,
video-recording, or standardised knowledge or skills tests
were deemed higher quality than those using survey data
or questionnaires.
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Ovid 21,014
psychINFO 11,683
Embase 18,648
CINAHL 11,843
ERIC 511
Web of Science 2,867
Proquest 1,303
Google Scholar 320
World Cat 715
Library of Congress 634

and secondary searches
(n=3,665) (keywords, then

newly identified “named”
strategies)

Separate primary (n=65,873)

v

15,496 duplicates identified
by Endnote

54,042 references
imported for screening

| 400 additional duplicates identified by Covidence

T 2,030 studies excluded

v

53,642 studies screened

A4

2,037 studies assessed
for eligibility

75 new
publications
identified by [
bibliography
hand search

51,605 irrelevant

457 No teaching strategy
391 No measured effect on
learner performance,
teacher satisfaction, or
teacher rating

288 Strategy NOT used in a
clinical setting, as defined
by protocol

252 Letter, Opinion, or
Commentary

238 Does not include any
outcome of interest

196 No outcomes data

44 Involves only structural

A4

A 4

82 articles included for
data extraction

change to curriculum
delivery

29 Wrong study design
28 Wrong setting

26 Addresses teaching
exclusively procedural
skills

23 Wrong outcomes
21 Duplicates

20 Not relevant to health
professions education

Themes extracted.
Specific teaching
interventions
reviewed. Group
reached consensus to

7 Review articles

6 Wrong population

3 Not English language
1 Incorrect citation

exclude 57
publications as they
described generalised
teaching methods or

A 4
23 full publications and 2 abstracts
included in final analysis

Figure 1. Inclusion and exclusion of search results.

Results

The search yielded 53,642 unique publications following
de-duplication in EndNote and Covidence (Figure 1) that
following title and abstract review and exclusions left 82
articles for data extraction. Following extensive group dis-
cussion, only 23 full publications and 2 abstracts of these
met our strict inclusion criteria. These publications repre-
sented literature demonstrating outcomes of three different
teaching strategies: the One Minute Preceptor (OMP)
(Furney et al. 2001; Salerno et al. 2002; Aagaard et al. 2004;
Irby et al. 2004; Teherani et al. 2007; Okubo et al. 2014;
Schaye et al. 2015; Ong et al. 2017), SNAPPS (Wolpaw et al.
2003, 2009, 2012; Okubo et al. 2014; Sawanyawisuth et al.
2015; Barangard et al. 2016; Kapoor et al. 2017), and con-
cept mapping (Wheeler and Collins 2003; Abel and Freeze
2006; Hinck et al. 2006; Atay and Karabacak 2012; Huang
et al. 2012; Wahl and Thompson 2013; Kaddoura et al.
2016). Two abstracts (Dubey et al. 2013, 2015) examined
the OMP and two publications evaluated modified versions
of the OMP (Ottolini et al. 2010, Hu et al. 2015). Each strat-
egy is briefly described below.

A\ 4

checklists/acronyms to
structure behaviour or
documentation.

The OMP is a teacher-led strategy derived from Neher's
five-step micro skills of effective clinical teaching (Neher
et al. 1992). It builds upon principles that observational
studies identified as correlating with effective clinical teach-
ing (Stritter et al. 1983; Wolverton and Bosworth 1985). The
five steps are: (1) get a commitment, (2) probe for support-
ing evidence, (3) teach general rules, (4) reinforce what was
done right, and (5) correct mistakes (Neher et al. 1992). The
OMP is designed to enable identification of learner know-
ledge gaps to target teaching, to prompt the teacher to
provide specific and corrective feedback, and to help foster
a positive learning environment. In general, the OMP
requires an orientation of the teacher to the strategy and
practice using it.

SNAPPS is a learner-led teaching strategy that provides
structure to a learner’s case presentation. Its 6 steps derive
from cognitive activity rating scales (Connell et al. 1999)
and include: (1) summarise information, (2) narrow the dif-
ferential, (3) analyse the differential through comparing
and contrasting, (4) probe the preceptor to clarify uncer-
tainty, (5) plan management for the patient’s medical



issues, and (6) select a case for self-directed learning. In
general, SNAPPS involves teaching these steps to the
learner in orientation but also requires the teacher to have
some familiarity.

Concept mapping is a collaborative strategy, originally
developed from the field of cognitive psychology with links
to neurobiology. Novak was an early proponent of this
method in science education (Novak 1990). Learners use it
to graphically represent and provide structure to distinct,
inter-related ideas and overarching concepts. Specifically,
learners: (1) cluster information to foster the formation of
associations between related concepts, (2) draw directional
arrows to demonstrate causality and inter-dependence, and
(3) graphically impose hierarchy to organise information
around themes. Learners typically receive extended, formal
instruction on the technique and practice it several times
before applying in a clinical setting. Teachers need to be
oriented to the strategy in order to comprehend concept
maps and provide learners meaningful feedback.

Table 1 summarises where the studies on these strat-
egies were conducted, the learner populations, and the
number of studies showing impacts in each domain of
interest. Most studies were conducted in the United States.
Most, but not all, examining the OMP and SNAPPS involved
physician trainees in a clinic setting. In contrast, concept
mapping was studied in a variety of clinical settings exclu-
sively with nursing trainees (although concept mapping
has been studied in other disciplines, its use in these disci-
plines appeared to be limited to classroom learning (Chape
2006; Torre et al. 2007; Canasi et al. 2014)). No strategy
was studied outside the physician, nursing, midwife, or
dental professions. None of the included studies demon-
strated impacts on outcomes in the domains of empathy,
professionalism, or patient-centeredness.

In Supplementary Table 2, the specific strategies are
listed, along with learner populations, teacher populations,
clinical context, a brief summary of the most common
study designs, and the specific outcomes studied. Full
details for individual publications, including methods, out-
comes measures, and strengths and limitations are shown
in Supplementary Table 3. The results for each strategy are
described separately below.

OMP and variants

Studies demonstrating the effectiveness of the OMP model
involved teachers of pre-licensure (medical student) and
limited-licensure (house officers) learners, mostly in the
United States. We excluded one letter (Arya et al. 2018)
and one non-English publication (Brand et al. 2011)
describing use in other populations. In terms of teachers,
both house officers and faculty have effectively utilised the
strategy. Because teachers were primarily responsible for
implementation, it was classified as ‘teacher-led.

Most of these studies oriented faculty with a single brief
workshop, used a pre/post design with a control group or
used randomisation, and combined direct observation or
recording of precepting sessions with teacher and learner
surveys to determine outcomes.

Measured, improved outcomes in studies among phys-
ician trainees included teaching effectiveness, teaching effi-
ciency, feedback (both quantity and specificity), specific
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teaching points made by the teacher, and learner motiv-
ation for outside learning (Furney et al. 2001; Salerno et al.
2002; Irby et al. 2004; Teherani et al. 2007; Schaye et al.
2015). These mapped to the domains of clinical reasoning
and medical knowledge. In contrast to physician trainees,
dental trainees perceived no impact on quantity or quality
of clinical teaching from faculty using the OMP (Ong et al.
2017). Use of the OMP did not seem to impact patient sat-
isfaction or visit length (Salerno et al. 2002). The OMP,
while developed as a strategy for teaching in the clinic,
demonstrated effectiveness in the hospital setting as well
(Furney et al. 2001; Schaye et al. 2015).

There were two related strategies derived from the
OMP—the Eight Step Preceptor (ESP) (Ottolini et al. 2010) uti-
lised in ambulatory paediatrics, and the Ten Minute Preceptor
(TMP) (Hu et al. 2015) used in teaching nursing trainees. In
the ESP study, the authors added to the traditional (five step)
OMP model: (6) listening without interruptions, (7) providing
teaching on experiences with previous ‘like patients, and (8)
prompting the learner to generate learning objectives.
Ottolini demonstrated that better adherence to the ESP
model, as measured by third-party observers, correlated with
higher student ratings of teaching effectiveness while aver-
age visit time was not different between control and inter-
vention groups (Ottolini et al. 2010).

The TMP is classified as an OMP variant because the
authors attribute its origin to the OMP, and it derives dir-
ectly from an OMP adaptation to nursing education called
the Five Minute Preceptor (Bott et al. 2011). The TMP
instructs nurse preceptors to take 10 min at the beginning
of each shift to—with the learner—set the day’s learning
goals, understand the physical and psychological condi-
tions of the learner, and provide support and give feed-
back. Preceptors spend another 10 min at the end of each
shift discussing what tasks were accomplished, providing
positive and negative feedback, and setting the next day’s
learning goals (Hu et al. 2015). The study involving the
TMP version demonstrated an improved workplace experi-
ence, less reported workplace stress, and a reduction in
anticipated workplace turnover among nursing trainees (Hu
et al. 2015). Learners reported significantly higher satisfac-
tion scores (approximately 1 point higher on a 6-point
Likert Scale) with the preceptors’ ability to provide individ-
ualised learning, goal setting and periodic evaluations, pro-
vision of step-by-step instructions, and autonomy. The
authors also assessed the effects on work stress and experi-
ence (quality of workplace environment). At 3 months,
scores for workplace stress were 1.3 points lower among
learners exposed to the TMP, 0.97 points higher for work-
place experience, and 1.19 points lower on the turnover
intention scale; these effects were durable for up to three
months (Hu et al. 2015).

SNAPPS and variants

SNAPPS has been shown effective within and outside the
United States (Sawanyawisuth et al. 2015; Barangard et al.
2016; Kapoor et al. 2017). Studies have been limited to fac-
ulty teaching physician trainees in outpatient clinics only.
Most studies of SNAPPS included control groups for com-
parison or were randomised (Wolpaw et al. 2009, 2012;
Sawanyawisuth et al. 2015; Barangard et al. 2016; Kapoor
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Table 1. Data from extracted studies by location, health discipline, clinical setting, and outcomes domain.

OMP? (n=12%

SNAPPS? (n=7) Concept mapping (n=7)

Location
USA 9<f
Taiwan 1*
India 0
Iran 0
Thailand 0
Singapore 1
Japan 1?
Turkey 0
Health disciplines
Physicians 10¢fa
Nursing 1¢
Midwifery 0
Dentistry 1
Clinical settings
Clinic gaef
Hospital 3*
Not specified 0
Outcomes®
Clinical reasoning 8
Knowledge 12
Empathy 0

Communication 0
Patient centeredness 0
Professionalism 0
Effective teaching 8
Presentation time 1

Patient satisfaction 1
Learner satisfaction 3f
Workplace stress 1¢

Workplace experience

3 5
0 1
1 0
1 0
1 0
0 0
1° 0
0 1
6° 0
0 7
1 0
0 0
7° 1
0 5
0 1
52 7
3° 0
0 0
0 0
0 0
0 0
4 0
3 0
0 0
1 1
0 0
0 0

Total unique full text publications = 23, Abstracts = 2. “Includes one study examining a combined intervention with
OMP and SNAPPS. °Includes Eight Step Preceptor (ESP) and Ten Minute Preceptor (TMP), both derivatives of OMP, a
study combining OMP/SNAPPS, and two abstracts. “Includes Eight Step Preceptor (ESP). %Ten Minute Preceptor (TMP)
variant. *Numbers do not sum to total as studies could have multiple outcomes. fIncludes two abstracts.

et al. 2017). Outcomes measures frequently involved record-
ings or third party observations and mapped primarily to
the domains of medical knowledge and clinical reasoning.
Some studies captured total case discussion and visit times
(Wolpaw et al. 2009; Sawanyawisuth et al. 2015; Kapoor
et al. 2017).

In terms of clinical reasoning outcomes, learners who
were instructed to use SNAPPS (with trained faculty) pro-
vided on average 1.27 more items in the differential diag-
nosis (2.08 SNAPPS versus 0.81 comparison group) and
1.04 more total justification reasons for items in the differ-
ential diagnosis (1.26 versus 0.22) (Wolpaw et al. 2012).
Students also were far more likely to seek information by
asking questions or acknowledging uncertainties (84.38%
SNAPPS versus 10.77% comparison), discuss patient man-
agement (84.84% versus 53.72%), and initiate reading
selections for self-study (51.61% versus 0%) (Wolpaw
et al. 2009).

Two important SNAPPS studies were conducted outside
the United States. One involved a population of Thai med-
ical students using SNAPPS, which generated similar find-
ings as the original Wolpaw study (Sawanyawisuth et al.
2015). Another involving an Iranian population of midwife
students found that students instructed on SNAPPS
received higher scores on their ability to take histories and
to generate differential diagnoses on final course examina-
tions (Barangard et al. 2016).

When measured, presentations generally took longer
with SNAPPS relative to the comparison groups (Wolpaw
et al. 2009; Kapoor et al. 2017). In the Wolpaw study, total
presentation length was 5.65 min in the SNAPPS group and
4.66 min in the comparison group, although the difference
was borderline statistically significant (p=0.05). In the

Kapoor study, case presentation time did not change, but
the total case discussion time increased by 1.73 min; the
difference was statistically significant.

For completeness, we reviewed two other SNAPPS-
related publications. These are not included in
Supplementary Table 2 because they were essentially
‘proof of concept’ studies. One described the use of
SNAPPS among limited-licensure learners in a child psych-
iatry clinic (Connor and Pearson 2017) and a second exam-
ined a modified version of SNAPPS for use in the inpatient
setting (Nixon et al. 2014). Learners in the former were
highly satisfied with SNAPPS (Connor and Pearson 2017).
Nixon added to the standard SNAPPS approach an
‘educational prescription’ that included a written PICO
(Population, Intervention, Comparison, Outcomes) template
and termed it 'SNAPPS-Plus. The authors instructed pre-
licensure physician trainees to formulate a clinical question
according to PICO for six case presentations, complete the
educational prescription, investigate the answer to each
question, and present the answer on rounds the next day.
They determined the technique was easily integrated into
a standard clerkship and that it led to well-formulated
questions and answers, which conformed to the
PICO rubric.

Concept mapping

The third strategy, concept mapping, has been used mostly
in nursing. In order to master this model, extensive learner
(and less so faculty) orientations are required, often up to
8h or more. This is a collaborative approach as it requires
extensive scaffolding for learners to use the model and
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teacher training on how to accurately score concept maps
and provide meaningful feedback to learners.

Most studies on concept mapping were not randomised,
and not every study included control groups. Only one
randomised study (Huang et al. 2012) was identified.
Authors generally measured outcomes with a standardised
instrument designed to assess clinical reasoning skills or
scores on the concept maps themselves.

Concept mapping, when applied in a clinical setting,
impacts clinical reasoning outcomes among nursing train-
ees (Wheeler and Collins 2003; Abel and Freeze 2006;
Hinck et al. 2006; Atay and Karabacak 2012; Huang et al.
2012; Wahl and Thompson 2013; Kaddoura et al. 2016).
Nearly all of these studies involved nursing trainees prior
to licensure (Wheeler and Collins 2003; Abel and Freeze
2006; Hinck et al. 2006; Atay and Karabacak 2012; Huang
et al. 2012; Kaddoura et al. 2016). One involved recently
graduated nurses (Wahl and Thompson 2013).

Discussion

In this realist synthesis, we identified only three specific
teaching strategies used in the clinical setting that have
been shown to impact important educational outcomes:
the OMP, SNAPPS, and concept mapping. The OMP and
SNAPPS have the highest quality of evidence and have
been studied among the broadest ranges of teacher and
learner populations. In line with the realist synthesis, we
discuss differential characteristics of the three strategies
that may influence a preference for one or the other.

The OMP is the most widely studied and has been
shown effective in both ambulatory and hospital-based set-
tings. It is teacher-led. SNAPPS, slightly less well studied, is
a learner-led strategy that has consistent evidence of effi-
cacy, although only in the ambulatory setting. Compared
to OMP and SNAPPS, studies involving concept mapping
involved less robust methodology and learner populations
were limited to nursing trainees. Because not all studies
involving concept mapping included a control group, it
was not clear if clinical reasoning improved because of the
teaching strategy or whether clinical reasoning skills would
have developed equivalently over time using an alternative
strategy (Wilgis and McConnell 2008; Wahl and Thompson
2013; Kaddoura et al. 2016). Additionally, the publication
methodologies did not consistently describe the type of
concept mapping. While several different versions of con-
cept mapping exist—hierarchical representations, flow
charts, and webs (Taylor and Littleton-Kearney 2011)—the
literature appears inadequate to determine if one particular
type of concept map might be relatively more efficacious.

Concept mapping appears to be a time-consuming
strategy—both in terms of orientation and application.
Orientation typically required multiple large group instruc-
tional sessions, often several hours in duration each. Then,
learners created several practice concept maps and
received direct feedback before implementing them in the
clinical setting. This orientation process contrasts with that
of SNAPPS and OMP, which generally required short orien-
tations that could be achieved in as little as a lunch confer-
ence, and at most a half-day workshop.

Examining in more detail the mechanisms by which
these three strategies impact outcomes, OMP and SNAPPS
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uniquely structure the conversation between teacher and
learner and deliberately incorporate steps that foster col-
laborative dialogue and provision of feedback—seeking to
improve learning climate and guiding learners to take spe-
cific actions. All three harness a reproducible and consist-
ent structure to improve the communication between
learners and teachers of the learner’s: (1) data gathering,
(2) organisation of knowledge, and (3) understanding of
causality. Consequently, teachers are better able to identify
learner gaps in knowledge and understanding and can bet-
ter focus on teaching to these areas. Learners thus perceive
teachers as being more effective. Although similar in these
broad strokes, the three strategies differ in how specifically
teachers identify and then address identified gaps.

OMP guides the teacher to: (1) ‘probe’ the learner with
verbal questioning to elucidate missing facts and/or causal
linkages, (2) teach ‘general rules’ to promote the learner’s
formation of factual hierarchy and causal linkages, (3) ver-
bally reinforce learner’'s existing knowledge structure
(where it is correct), and (4) verbalise to the learner how to
restructure incorrectly classified or associated knowledge.
SNAPPS prompts the learner to: (1) verbalise an organised
representation of a subset of many potential facts, (2)
‘narrow’ (limit) the focus of conversation to specific topical
domains, (3) ‘analyse’ (highlight) key elements that distin-
guish different disease representations, and (4) ask the
teacher to fill in missing facts, linkages, or mechanisms.
OMP and SNAPPS share in that both rely upon verbal rep-
resentation of ideas, force learners to generate an organ-
ised representation of complex and numerous facts, and
create opportunities for the teacher to restructure and
refine knowledge. Concept mapping, in contrast, relies on
a visual representation of facts and inter-relatedness of
concepts, from which teachers can identify gaps in know-
ledge or understanding. In doing so, it allows the teacher
to focus attention to areas that need restructuring
and refinement.

In regard to specific outcomes, these three strategies all
focus primarily on improving medical knowledge and clin-
ical reasoning. Importantly, we did not identify any specific
strategies that have been used in the clinical setting and
have shown positive impacts on communication skills
between health professionals and patients, positive impacts
on the creation of empathy, professionalism, or consistent
improvement in physical exam skills.

We proceed to summarise the implications of these find-
ings for three audiences—health professions educators and
administrators, front-line teachers, and health professions
education researchers.

Health professions educators and educational
administrators

Educators and administrators of training programs looking
to improve teaching in the clinical setting should take into
consideration both the applicability of the data to their
environment and the relative ease of teacher or learner
development to support widespread implementation. Since
SNAPPS is predominantly learner-led, it shows potential for
use in geographically dispersed programs. Learners, who
are encouraged to take the initiative in clinical presenta-
tions using SNAPPS, can be trained centrally in 30-90 min.
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Teachers at dispersed sites still require an orientation but
they only need to encourage or be receptive to the use of
the strategy. On the other hand, the OMP is teacher-led
and thus requires teacher training to be successful (1-4h).
However, it does not require training of learners, nor is it
dependent on learner self-motivation.

Concept mapping seems a reasonable approach to
teaching and assessing clinical reasoning skills. However, it
requires more extended orientation for the learners (usually
9-12h) and several practice sessions before it can be realis-
tically applied to the clinical setting. Teachers also require
more than cursory familiarity with concept mapping in
order to provide learners appropriate feedback. Finally, cre-
ating concept maps de novo remains time intensive.
Therefore, using this strategy may only be reasonable for a
small subset of patient encounters—especially where a
teacher needs detailed information about a learner’s clinical
reasoning and organisation of medical knowledge.
However, given the strategy’s effectiveness in general edu-
cation and that some medical schools have positive out-
comes with a type of pre-set and peer-reviewed cognitive
map, called schemes, cognitive maps may be more useful
and efficient to adopt when both teacher and learner use a
pre-set scheme as a tool in the patient encounter (Nesbit
and Adesope 2006). With increasing movement in medical
education towards integrated basic and clinical sciences for
advanced clinical training (Kulasegaram et al. 2013; Brauer
and Ferguson 2015), concept mapping in the specific form
of pre-set schemes may be an essential tool for facilitating
efficient teacher-learner interactions at the bedside and
result in larger learning outcomes. More study is needed.

In terms of the level of training, limited literature sug-
gests more advanced trainees may have a preference for
SNAPPS (Seki et al. 2016).

Front-line teachers

SNAPPS and OMP are both accessible, effective strategies
individual teachers can learn to implement with attendance
at a brief workshop. Although very limited data exists dir-
ectly comparing them (Seki et al. 2016) (and more robust
studies comparing the two are needed), the literature sug-
gests some important differences. Consequently, clinical
teachers should reflect on their practice and teaching envi-
ronments and determine which of these is most appropri-
ate—paying attention to the level of learners with which
they work, their practice setting, and patient volumes. The
OMP has fewer steps and, in contrast to SNAPPS, learners
generally require less orientation to its process. Although
the data does not show a tremendous impact on case dis-
cussion time, an average of 1.7 additional minutes per
patient visit, as documented with SNAPPS use among pre-
licensure students (Kapoor et al. 2017) may be significant in
busy clinical settings. Thus, it may be preferable to limit this
strategy to a subset of patient encounters. Teachers should
also recognise that these strategies impact primarily cogni-
tive outcomes; they may need to employ alternative meth-
ods to teach communication, physical examination,
empathy, and professionalism skills.

Health professions education researchers

Our authorship team noted a considerable amount of vari-
ability in reporting of study design and outcomes. The
effectiveness of teaching strategies would improve with
better standardisation of study methods reporting. Future
studies should include the following: description of teach-
ing strategy, description of the teacher and learner orienta-
tion process to the strategy (including the format of
orientation, duration, and frequency), the frequency of use
of the strategy, the duration of exposure to the strategy,
the number of teachers delivering the strategy, the number
of learners receiving the strategy, and the number of learn-
ers and teachers for which outcomes data are collected.

Strengths and limitations

Our review has several strengths. First, our search strategy
was extremely broad and thorough and involved two steps.
Rather than focusing only on literature describing well-
known strategies, we sought to identify strategies unknown
to the author group while also reviewing the literature on
well-known strategies. In contrast to many prior reviews
(Pascoe et al. 2015; Farrell et al. 2016; Chinai et al. 2018),
ours was not limited to literature from a single health discip-
line. Last, we developed a useful framework for assessing
the effectiveness and the practicalities of implementation for
any new or existing teaching strategy.

As with any review, we possibly failed to identify some
important and innovative teaching strategies. The potential
for exclusionary bias was minimised by conducting a two-
stage search strategy. Additionally, a hand search of referen-
ces of key articles describing important strategies was per-
formed to identify residual publications of potential relevance.
Finally, literature from the 1970s onward was included to
ensure we captured strategies that may have been studied
previously but were poorly disseminated and thus never
adopted widely. As an additional measure, comparing the
final inclusion list to an existing review, no additional strat-
egies with associated outcomes data met our criteria for
inclusion (Chinai et al. 2018). There were some publications
(unpublished dissertations) that seemed potentially relevant
to our topic, but they were not available for us to review in
detail (Roop 2002; Studley 2005) and were not included.

With all reviews, decisions in the initial screening pro-
cess and regarding inclusion of specific studies impact sig-
nificantly the conclusions. Although we pre-identified
reasons for exclusion in our protocol prior to the screening
of search results, the process inevitably involves some sub-
jectivity and thus has a potential for bias. Several of the
authors (EA, DI, CS) have publications on teaching strat-
egies that can be used in a clinical setting, and some of
these publications were included in the final analysis. In
order to minimise this risk of bias, the authors with several
key publications related to our topic (EA and DI) were
excluded from the initial screening process, which was con-
ducted by two authors—the first (CP) and senior author
(CS), neither of whom has published on the OMP. Final
decisions regarding inclusion for analysis were made at the
group level, with the first author (CP) serving as the tie-
break. We notably excluded from our results and discussion
a specific strategy created by two of the authors (EA and



CS) because its impact on our pre-identified outcomes has
not been assessed (Stickrath et al. 2013). Although two
authors in our group (EA and DI) have heavily studied the
OMP and some of these publications are included in the
analysis, this specific teaching strategy is widely known, fre-
quently used, and often cited in the literature by others
(Heidenreich et al. 2000; Spencer 2003b; Brand et al. 2011;
Cayley 2011; Farrell et al. 2016; Chinai et al. 2018). This
review would be remiss in not discussing it. Importantly,
none of the author group has published on SNAPPS or
concept mapping, and literature supporting the effective-
ness of both of these strategies is included in this review;
SNAPPS was felt to demonstrate similar effectiveness to
the OMP.

The goal of this review was to identify teaching strat-
egies that an individual teacher could reasonably imple-
ment in an actual clinical setting with a learner, without
the teacher needing to undergo extensive training. We rec-
ognise that checklists, formative assessments, and feedback
are critical teaching tools, but we felt they fell outside of
the scope of this review. Specifically, they are facilitators of
a teaching strategy rather than a clinical teaching strategy
per se and have been extensively reviewed elsewhere
(Veloski et al. 2006; Espey et al. 2007; Thomassen et al.
2014; Treadwell et al. 2014; Le Grand Rogers et al. 2015).
The Stanford Faculty Development Program in Clinical
Teaching (Skeff 1988; Berbano et al. 2006), although well
known and studied, requires individual teachers to partici-
pate in an extensive course. Thus it was not included in
this review.

Conclusions

In summary, SNAPPS and the OMP are currently the most-
evidence based mechanisms for teaching in the clinical set-
ting, and their effectiveness extends beyond physician
trainees. SNAPPS is learner-led and OMP is teacher-led.
These differences have implications for their application to
specific clinical teaching contexts. Mechanistically, OMP
and SNAPPS (1) provide a structure for teachers and learn-
ers to verbalise and refine organisation of facts and causal
linkages and (2) invite both parties to participate in a dia-
logue that includes the opportunity for specific feedback.
Concept mapping, in contrast, uses a visual representation
of knowledge and concept linkages to guide teaching and
does not provide a specific structure to guide the learner-
teacher interaction. We postulate that, because these strat-
egies operate via specific mechanisms that promote struc-
turing of knowledge, the positive outcomes are largely
limited to the domains of clinical reasoning and medical
knowledge. We did not identify effective teaching strat-
egies that can foster skills in the competency domains of
professionalism, empathy, and patient-centeredness in the
clinical setting, potentially because more complex mecha-
nisms are involved in their teaching, and/or measuring
related outcomes is relatively more challenging.
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