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Abstract

Background: Continuing professional development (CPD) is essential for physicians to maintain and enhance their knowledge,
competence, skills, and performance. Web-based CPD plays an essential role. However, validated theory–informed measures of
their impact are lacking. The CPD-REACTION questionnaire is a validated theory–informed tool that evaluates the impact of
CPD activities on clinicians’ behavioral intentions.

Objective: We aimed to review the use of the CPD-REACTION questionnaire, which measures the impact of CPD activities
on health professionals’ intentions to change clinical behavior. We examined CPD activity characteristics, ranges of intention,
mean scores, score distributions, and psychometric properties.

Methods: We conducted a systematic review informed by the Cochrane review methodology. We searched 8 databases from
January 1, 2014, to April 20, 2021. Gray literature was identified using Google Scholar and Research Gate. Eligibility criteria
included all health care professionals, any study design, and participants’ completion of the CPD-REACTION questionnaire
either before, after, or before and after a CPD activity. Study selection, data extraction, and study quality evaluation were
independently performed by 2 reviewers. We extracted data on characteristics of studies, the CPD activity (eg, targeted clinical
behavior and format), and CPD-REACTION use. We used the Mixed Methods Appraisal Tool to evaluate the methodological
quality of the studies. Data extracted were analyzed using descriptive statistics and the Student t test (2-tailed) for bivariate
analysis. The results are presented as a narrative synthesis reported according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.

Results: Overall, 65 citations were eligible and referred to 52 primary studies. The number of primary studies reporting the use
of CPD-REACTION has increased continuously since 2014 from 1 to 16 publications per year (2021). It is available in English,
French, Spanish, and Dutch. Most of the studies were conducted in Canada (30/52, 58%). Furthermore, 40 different clinical
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behaviors were identified. The most common CPD format was e-learning (34/52, 65%). The original version of the
CPD-REACTION questionnaire was used in 31 of 52 studies, and an adapted version in 18 of 52 studies. In addition, 31% (16/52)
of the studies measured both the pre- and postintervention scores. In 22 studies, CPD providers were university-based. Most
studies targeted interprofessional groups of health professionals (31/52, 60%).

Conclusions: The use of CPD-REACTION has increased rapidly and across a wide range of clinical behaviors and formats,
including a web-based format. Further research should investigate the most effective way to adapt the CPD-REACTION
questionnaire to a variety of clinical behaviors and contexts.

Trial Registration: PROSPERO CRD42018116492; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=116492

(JMIR Med Educ 2022;8(2):e36948)   doi:10.2196/36948

KEYWORDS

CPD-REACTION; behavior; intention; education medical; continuing; health care professionals; questionnaire; web-based;
continuing professional development

Introduction

Continuing professional development (CPD) encompasses the
multiple educational and developmental activities that health
care professionals undertake to maintain and enhance their
knowledge, skills, performance, and relationships in the
provision of health care. The ultimate goal of CPD is to enhance
the quality and safety of patient care and enhance both patient
experience and health outcomes [1]. In recent years, web-based
CPD has increased exponentially, and the recent COVID-19
pandemic has emphasized the need for more effective web-based
CPD. Health professional behavior change (adoption or
abandonment of a practice) is a long and complex process [2].
The Kirkpatrick model conceptualizes a framework for CPD
assessment that measures four distinct outcome levels:
satisfaction; knowledge, skills, or attitudes; transfer of learning
to practice (ie, behavior); and organizational outcomes such as
productivity and quality [3].

The lack of validated instruments informed by behavior change
theories for assessing CPD outcomes has slowed the
advancement of the CPD knowledge base [4]. In 2011, a
consortium of CPD providers from the Province of Quebec,
Canada, developed a tool to assess Kirkpatrick level 3 outcomes
(transfer of learning to practice) based on an integrated model
explaining behavior change among health professionals [5,6].
This model posits that intention is a strong predictor of behavior,
and that behavioral intention, in turn, is influenced by beliefs
about capabilities, beliefs about consequences, moral norms,
and social influences [5]. The resulting tool, the
CPD-REACTION questionnaire, is a comprehensive,
theory-based, validated instrument for assessing the impact of
accredited CPD activities on clinical behavioral intention [7,8].
During the past 10 years, it has been used in regular evaluations
of the effects of CPD activities on behavior change by major
CPD providers such as the Federation of Medical Specialists
of Quebec (Fédération des Médecins Spécialistes du Québec)
and to assess training for a wide variety of other health care
professionals [9-12].

However, the current range of CPD-REACTION use remains
unknown. Moreover, the clinical topics of CPD activities
evaluated using the tool, the types of clinical behaviors sought,
how often it has been used to evaluate web-based CPD, what

kind of health care professionals are targeted by such CPD
activities, and how the results shown by CPD-REACTION in
terms of behavior change intentions are used, are also unknown.
Although tool validity has been demonstrated in the Canadian
context [8], other evidence on its cross-cultural validity and
psychometric properties is still lacking. Therefore, we aimed
to systematically review studies that have used the
CPD-REACTION questionnaire.

Our research questions were as follows: (1) What are the
characteristics of CPD activities in studies using
CDP-REACTION? (2) What are the ranges of behavioral change
intentions, mean scores, and distribution of scores across all
studies that used CPD-REACTION? (3) What are the
psychometric properties of CPD-REACTION?

Methods

Ethics Approval and Consent to Participate
As this research was based on published studies, ethics approval
was not required for this systematic review. The protocol was
registered in the PROSPERO (International Prospective Register
of Systematic Reviews) registry under the number
CRD42018116492 on December 4, 2018. The main change to
the protocol was the inclusion of references to studies reported
in a language other than English and French.

Study Design
Informed by the Cochrane review methodology [13], we
conducted a systematic review and followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 statement [14].

Eligibility Criteria
Informed by the PICOS (Population, Intervention, Comparator,
Outcomes, Study design) model [15], the inclusion criteria were
as follows: (1) Population- the target population considered for
this review included all individuals working in health fields
who completed an original, translated, or adapted version of
the CPD-REACTION questionnaire before, after, or before and
after an activity. There was no age restriction or restriction of
health care professions (eg, physician, nurse, or any other health
professional). They could be working in the public or private
sector, in the process of training, or have already graduated; (2)
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Intervention- not specified; (3) Comparator- not specified; (4)
Outcomes- The original, adapted, or translated version of the
12-item CPD-REACTION was used to assess the intention to
change either a clinical practice or a health behavior. On the
basis of the Godin integrated model, this tool is a questionnaire
composed of 12 items that measure behavioral intention and
some of its predictors; that is, beliefs about capabilities, beliefs
about consequences, moral norms, and social influences [5,7].
The 5 constructs of the CPD-REACTION questionnaire have
been validated, with Cronbach coefficients for the constructs
varying from 0.77 to 0.85 [7,8]; (5) Study Design-Any study
design was considered: randomized clinical trials (individual,
group, or cluster, including stepped-wedge), before-and-after
studies, translation studies, ecology studies, qualitative studies,
or any mixed-study design (if they included the use of
CPD-REACTION). Only primary studies were considered for
inclusion in this systematic review. Therefore, we did not
include any systematic reviews. These articles could be reported
in any language.

Information Sources
The literature search was performed using eight databases:
Embase, MEDLINE/PubMed, Web of Science, ERIC-EBSCO,
PsycINFO-ovid, CINAHL, Social Sciences Full Text-EBSCO,
and Academic Search Premier EBSCO. A temporal filter was
applied from January 1, 2014, to April 20, 2021, because
CPD-REACTION was published in 2014 [7]. We also performed
a forward citation search using Google Scholar and Research
Gate to identify studies citing the 3 main studies on the
development and validation of CPD-REACTION (Multimedia
Appendix 1).

Search Strategy
The first phase of developing the search strategy was carried
out on PubMed and reviewed by the authors to ensure that the
concepts covered all research questions. This strategy was then
translated into expressions that were adapted to each database.
A documentary research expert revised the search strategy and
the final version was based on three key concepts: “continuing
education,” “CPD-REACTION questionnaire,” and
“questionnaires.” These key concepts were searched using a
combination of controlled vocabulary (MeSH [Medical Subject
Headings] terms) and free-text search queries (Multimedia
Appendix 1).

Selection Process
Duplicates were identified using EndNote ×9 [16] and manual
checking. First, reviewers (GA-V, FBK, LB, and LS) performed
an independent selection based on the title and abstract. Second,
all relevant references were considered for selection by full text
(GA-V, FBK, LL, LB, and LS). An internet-based system,
Covidence [17], was used to complete this step. The 2 reviewers
then discussed and resolved any disagreement to obtain a
consensus on study selection according to the eligibility criteria
and, if necessary, consulted a third author (KVP). The reasons
for exclusion of articles were documented.

Data Extraction
A coding guide and corresponding extraction grid were
developed and tested by the reviewers. The reviewers (GA-V,

FBK, LL, LB, and LS) individually extracted data from the
included studies. The reviewers discussed and resolved any
disagreement.

Qualitative and quantitative data were extracted. The main
groups of variables were (1) study characteristics, including
author names, study design, study objectives, country, and type
of CPD activity; (2) characteristics of the study participants,
such as profession, setting (eg, hospital or university), average
age, sex, study population (eg, single profession, mixed
professions, and patients included); (3) CPD activity
characteristics, such as country in which it was used, health
field, duration of CPD activity, when tool was used (eg, pre- or
post-CPD activity), format of CPD activity (eg, web-based),
title of CPD activity, clinical behavior change targeted; (4)
CPD-REACTION version used (original or adapted), adaptations
to the questionnaire, eg, translations; (5) score values (mean,
median, SD, minimum, and maximum) for all constructs
measured, that is, behavioral intention, beliefs about capabilities,
social influence, moral norm, and beliefs about consequences;
(6) psychometric properties (Cronbach α, κ, or Cohen d).

Methodological Quality Assessment of Individual
Studies
Two examiners (GA-V and FBK) assessed the quality of each
identified study using the Mixed Methods Appraisal Tool
(MMAT), a validated tool for evaluating the quality of
qualitative, quantitative, and mixed methods studies [18]. For
each type of study design, 5 criteria were evaluated and each
was rated “yes,” “can’t tell,” or “no.” The tool guideline
discourages the calculation of an overall score, instead
suggesting presenting detailed ratings for each criterion [18]
(Multimedia Appendix 2).

Data Synthesis
Given the large variety of behavior changes targeted by studies
(clinical practice behaviors and others) and the methodological
and statistical heterogeneity of studies, we performed a narrative
synthesis using descriptive statistics. For the CPD-REACTION
score values, we did not calculate the average scores for the
construct if CPD-REACTION did not evaluate the same
behavior. Instead, we summarized the construct scores based
on the timing of the evaluation, that is, if it was a pre-post, only
pre-evaluation, or only postevaluation. Descriptive statistics
were computed using STATA (version 11; StataCorp). To
summarize the target behaviors of the included studies, we
performed a thematic analysis. After the analysis, we organized
and summarized the main behaviors based on the emerging
themes, namely, “shared decision-making,” “decision aids or
toolkit,” and “others.”

Results

Study Selection
We described the selection process in a PRISMA flowchart
(Figure 1). A total of 9504 records were identified and 3330
(duplicates or ineligible) were removed. After screening, 65
records matched the eligibility criteria and referred to 61
publications and 52 unique studies [7-12,19-70] (Figure 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flowchart.

Study Characteristics
Since 2014, the number of published studies using
CPD-REACTION has increased from 1 to 16 publications in
2021 (Multimedia Appendix 3). Of all the studies, 69% (36/52)
were published between 2019 and 2021 [9,32-68]. Furthermore,
58% (30 /52 )  we re  l oca t ed  i n  Canada
[7,8,10-12,23-25,28,31,35,38-41,44-51,53,54,56,60,63,65,67]
and the rest in the United States (n=6), the United Kingdom
(n=4), Australia (n=2) [30,34], Iran (n=2) [55,64], Argentina

(n=1) [52], Indonesia (n=1) [32], Germany (n=1) [58], Sweden
(n=1) [21], the Netherlands (n=1) [59], and Burkina Faso (n=1)
[37]. In addition, two multicountry studies were reported: 1
from Brazil-China-France-Japan-Mali [68] and 1 from
Canada-Vietnam [19] (Table 1; Figure 2). There were no
exclusive qualitative studies (Table 1). Most study designs were
mixed methods (24/52, 46%) [8,9,12,18,23,26,35,42,
43,45,47,50,55,56,61,64,67,71,72], followed by cross-sectional
studies (9/52, 17%) [22,32,39,42,56,59].
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Table 1. Study and intervention characteristics (N=52).

Number of studies, n (%a)Study and intervention characteristics

Study location

30 (58)Canada

6 (12)United States

4 (8)United Kingdom

2 (4)Australia

2 (4)Iran

1 (2)Argentina

1 (2)Burkina Faso

1 (2)Germany

1 (2)Indonesia

1 (2)Netherlands

1 (2)Sweden

1 (2)Canada and Vietnam

1 (2)China-Brazil-France-Mali-Canada-Japan

Study design

24 (46)Mixed methods study

9 (17)Cross-sectional study

7 (13)Baseline and follow-up or before-after or comparative study

4 (8)Randomized trial

3 (6)Quasi-experimental study

2 (4)Validation study

2 (4)Cohort study

1 (2)Intervention study

Clinical setting

3 (6)Multicenter academic hospitals

11 (21)Multicenter community hospitals

11 (21)Multicenter both academic and community

4 (8)Single-center academic hospital

5 (10)Single-center community hospital

13 (25)Not a clinical setting

5 (10)Not reported or not applicable

Type of CPDb activities

31 (60)Course or workshop

1 (2)Conference

4 (8)Otherc CPD activities

3 (6)No activity pertaining to CPDd

13 (25)Not specified or not applicable

CPD activity Format

34 (65)Web-based

13 (25)In person

5 (10)Not specified
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Number of studies, n (%a)Study and intervention characteristics

Version of questionnaire used

18 (35)Adapted

31 (60)Original

3 (6)Not specified

When CPD-REACTION was used

6 (12)Preactivity

11 (21)Postactivity

16 (31)Pre- and postactivity

19 (37)Not specified or not applicable

Delivery mode of CPD-REACTION questionnaire

19 (37)Digital platform or web-based

1 (2)Web-based and paper

16 (31)Paper copy

16 (31)Not specified

Language of CPD questionnaire used

1 (2)Dutch

1 (2)Spanish

28 (54)English

14 (27)French

3 (6)English and French

5 (10)Not reported

Type of CPD provider

1 (2)Government

13 (25)Hospital

6 (12)Private company

22 (42)University

7 (19)Not specified or not applicable

aAll percentages may not add up to 100%.
bCPD: continuing professional development.
cTraining or workshop combined with activities such as face-to-face meetings, media interviews, minutes documenting interactions, conferenced
meetings, annual national collaboration meeting, and team meeting to watch video.
dGuidelines application, outreach sessions.
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Figure 2. Distribution of published studies worldwide that used the CPD-REACTION questionnaire.

Characteristics of the Study Participants
In total, CPD-REACTION was administered to 4886
participants. Even when age was mentioned, it was not possible
to properly report on age because of the heterogeneity of age
ranges. The sex of the participants was not reported for all
studies. The authors mostly defined participants based solely
on their profession. Physicians were the most represented health
profession (1843/4886, 37.72%). Furthermore, 7 studies
included residents or unlicensed health professionals
[8,36,38,39,46,55,64]. (Table 2). In most studies, participants
in CPD activities consisted of interprofessional groups (30/52,
60%) [7,9-11,19,21,27,28,31,35,37,41,43,44,46,47,50,51,53,
55-61,63,64,66-68]. Professions included nurses (5/52, 10%)

[26,29,30,48,54], physicians (4/52, 8%) [38,39,49,52], social
workers or other health professionals, namely occupational
therapists, physiotherapists, dietitians, behavioral counselors,
nutritionists, health researchers (4/52, 8%) [23-25,34,36],
specialist physicians (3/52, 6%) [32,40,65], and pharmacists
(2/52, 4%) [22,42]. The presence of managers or
decision-makers among participants was reported in 7 (13%)
out of 52 studies. The number of participants per study ranged
from 8 to 489 (Figure 3).

The largest proportion of CPD providers reported was
university-based (22/52, 42%), whereas others were based in
hospitals (13/52, 25%), private companies (6/52, 12%), or
government (1/52, 2%).
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Table 2. Professional profiles of study participants.

Frequency, n (%a)Population characteristics

Population of interest, in the studies (n=52)

8 (15.4)Physicians

31 (59.6)Interprofessional groups

5 (9.6)Nurses

8 (15.4)Other health professionsb

Number of participants per professional group (n=4886)

1843 (37.7)Interprofessional groups

1568 (32.1)Nurses

1053 (21.6)Social workers and other health professionals

422 (8.6)Not specified

Presence of managers or decision-makers among participants (n=52)

7 (13.5)Yes

45 (86.5)No

Presence of residents or unlicensed health professionals among participants (n=52)

7 (13.5)Yes

45 (86.5)No

aAll percentages may not add up to 100%.
bPharmacists, physical therapists, physiotherapists, providers of radiation therapy, midwives, and social workers.

Figure 3. Boxplot of number of participants by health profession present at each continuing professional development activity.
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CPD Activity Characteristics
The questionnaire was administered in four languages: French
(14/52, 27%) or English (28/52, 54%) [8-11,19,21-24,
26-32,34-37,39-51,53-55,57,59-68], Spanish (1/52, 2%) [52]
and Dutch (1/52, 2%) [58]. The median number of CPD
activities targeting behavior change per study was 1 and varied
between 1 and 9 CPD activities per study. One-quarter (11/52,
21%) of the studies used CPD-REACTION to measure
behavioral change intention but were not linked to a specific
CPD activity [21,22,29,31,38,40,45,46,51,53,59] (Table 1). The
most common format for CPD activities was web-based or
e-learning based (34/52, 65%). The duration of CPD activities
ranged from 30 to 225 minutes, with an average of 115 (SD 67)
minutes.

Targeted Clinical Behavior and Scoring of
CPD-REACTION
The evaluations targeted 39 different clinical behaviors
[7-12,19-70]. Thematic analysis showed that 7 (18%) out of the
39 pertained to shared decision-making [9,35,50,54,56,64,67]
and 5 pertained to decision aids or toolkit implementation
[53,60,61,63,66] (Table 3).

Regarding studies reporting mean scores after the intervention
(n=33) [8,12,22,25,29,30,33-36,40-44,47-49,55,56,59,60,63,
64,66], 9 studies (27%) reported both pre- and postactivity
scores [8,22,25,29,42,49,56,60,66]. The scores were all higher
after the intervention. Furthermore, in all 9 studies, the pre-post
score ranges (2.5-5.7) were higher than in studies measuring
prescores only (2.6-5.2) or postscores only (1.8-4.8; Table 4).
The average difference between the pre- and postintention scores
was 0.54 SD 0.13. Among the 5 CPD-REACTION constructs,
social influence scored the lowest (43; Table 4).
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Table 3. Main behaviors targeted in included studies (n=39).

Topic themeMain clinical behavior targeted in included studies

OthersDecision aids
or toolkit

SDMa

+c−−bTo prescribe spirometry and to interpret the result [38,39]1.

+−−To actively engage with and invite patients who are underserved for Medicine Use Reviews (MURS) [20,42,43]2.

−−+To adopt SDM [53]3.

−−+To engage older patients living with dementia and their caregivers in decision-making about choosing a
health intervention, based on the TPB [10]

4.

−+−To use Decision Box to explain to patients the benefits and harms of the options, based on the TPB [10]5.

−+−To use a decision aid in clinical practice after completing the web-based program “MyDiabetesPlan” [63]6.

+−−To implement developmental coordination disorder (DCD) best practices [23]7.

+−−To provide medical abortion [40]8.

+−−To use COSTARS (pan-Canadian Oncology Symptom Triage and Remote Support) practice guides [45]9.

+−−To use of 15 evidence-informed symptom practice guides for providing telephone or in-home nursing services
to clients with cancer [45]

10.

−−+To engage in IP-SDM (interprofessional shared decision-making) [50]11.

−+−To use patient decision aids [12,56,64]12.

+−−To counsel patients regarding HIV prep therapy [22]13.

−−+To use IP-SDM [50,55]14.

+−−To apply the disclosure guidelines to my practice [44]15.

+−−To apply the Situation-Background-Assessment-Recommendation (SBAR) to my practice [44]16.

+−−To apply quality improvement strategies to solve challenges in my practice [44]17.

+−−To practice the person-centered approach (PCA—MACHIP 2) in maternal health [37]18.

+−−“Utiliser l’outil d’évaluation du risque de violence” (To use the Risk of Violence evaluation tool) [31]19.

+−−To collaboratively work with and actively involve children and young people who self-harm in their care
[29]

20.

+−−To use the evidence of implementing FREEDOM [46]21.

−+−To implement the STEADI toolkit [61]22.

+−−To report research translation and impact on the CVd [51]23.

−−+To use SDM [35]24.

+−−To prescribe no pharmacological treatments [36]25.

−−+To use SDM with their next patient facing a preference-sensitive decision [56]26.

+−−To apply a systematic framework to identify and manage patients with dementia [34]27.

+−−To change and improve practice based on the interventions, that is, to order pneumococcal vaccines [41]28.

+−−To use research evidence in rheumatology [21]29.

+−−To successfully plan and implement evidence-based practice changes in health facility [27]30.

+−−To consider probiotic recommendation in infants and toddler patients [32]31.

−−+To perform SDM (action) among health professionals in any clinical setting [64]32.

−+−To use an app to decide about prenatal screening [9,54]33.

+−−To formulate a violence risk assessment and management plan [30]34.

+−−To use de-escalation techniques during escalating aggression [30]35.

+−−To use breakaway techniques when responding to a violent person [30]36.

+−−To change their practice about compassion fatigue education [57]37.

+−−To implement the 5A method training in the area of physical activity promotion [58]38.
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Topic themeMain clinical behavior targeted in included studies

OthersDecision aids
or toolkit

SDMa

+−−To care for children and young people admitted to hospital with self-harm [29]39.

aSDM: shared decision-making.
bNot related to theme.
cRelated to theme.
dCV: Curriculum Vitae.

Table 4. Summary of pre- and postscores for all constructs of CPD-REACTION.

Post-CPD activity (range)Pre-CPDa activity (range)Value, n

9Interventions with pre- and post-CPD scores

5.7-6.84.5-6.59Intention

3.8-5.82.5-5.69Social influence

5.4-6.43.2-69Beliefs about capabilities

6.2-6.95.51-6.77Moral norm

6.2-6.85.73-6.69Beliefs about consequences

—bInterventions with only prescores

2.9-6.65Intention

2.6-65Social influence

2.4-6.65Beliefs about capabilities

4.3-6.85Moral norm

5.2-6.74Beliefs about consequences

—Interventions with only postscores

3.4-719Intention

1.8-6.318Social influence

3.9-6.818Beliefs about capabilities

4.6-6.918Moral norm

4.8-4.818Beliefs about consequences

aCPD: continuing professional development.
bAuthor did not report or measure mean scores.

CPD-REACTION Adaptations and Psychometric
Properties
One-third (18/52, 35%) of the included studies reported having
adapted CPD-REACTION [19,21,22,27,28,32,39,40,53,
55,56,58,63,66-68,73] (Table 1). Adaptations to the
questionnaire reported were reformulated items (n=3) [19,28,49],
using only certain construct scales (n=3 studies) [22,53,55],
adding or dropping some items without reformulating the
original items (n=3) [39,56,67], reporting percentages instead
of score values ranging from 1 to 7 (n=2) [23,27], translation
of the questionnaire into other languages (n=2) [52,58], and
using a 5-point instead of 7-point Likert scale (n=1) [40].
Furthermore, more than 80% of all studies (48/52, 92%) reported
the psychometric parameters of the original version of
CPD-REACTION or else stated it was a validated tool
[8,10,23,25,26,29-32,34-37,40-57,60,61,64-68,74]. In addition,
4 studies reported the psychometric properties of their adapted

versions [28,39,52,69], with the Cronbach α of the included
constructs ranging from 0.62 to 0.91.

Risk of Bias in Studies
Although none of the studies fully met all MMAT criteria, none
were rated “no” for any criteria (Multimedia Appendix 2). In
the 4 quantitative randomized trials, only the criterion
“randomization appropriately performed” was met by all 4
studies [10,50,54,63], and in all 17 mixed method studies, only
the criterion “adequate rationale for using a mixed methods
design” was met. In all the design groups, all the criteria not
rated “yes” were rated “not sure.”

Discussion

Principal Findings
We found 61 publications of 52 unique studies that reported the
use of the CPD-REACTION questionnaire to assess changes
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in behavioral intention among health professionals. Although
the tool is aged <10 years (2014), we observed the most rapid
increase in its use in the past 3 years, mostly in Canada, where
it was developed. However, its use has spread to many other
countries, including lower- and middle-income countries, and
it is found in numerous languages (our finding of only 4 is an
underrepresentation, as the team that produced the tool has
agreed to translations into 8 languages) [75]. Since its inception,
CPD-REACTION has been used by close to 5000 participants
to target 39 clinical behaviors. The participants included 8 types
of health professionals, with physicians and nurses being the
most reported. Two-thirds of the studies included
interprofessional clinical teams, including one in which 10
managers or decision-makers were CPD activity participants.
The tool appeared to be mostly used for evaluating e-learning
(n=34). In many cases, users adapted the questionnaire, such
as using only certain construct scales or adding or dropping
some items. The psychometric properties of CPD-REACTION
reported in included studies showed that Cronbach α scores
were very good, ranging from 0.62-0.91. However, few studies
were designed to assess changes in intention (ie, scoring both
pre- and postactivity), thus limiting the evidence regarding the
responsiveness of the tool. Regarding behavioral intention to
change, the mean difference of intention score was 0.54 SD
0.13 in the pre-post studies and the distribution of scores across
all studies using CPD-REACTION ranged from 1.8-7. Although
none of the studies fully met all MMAT criteria, none were
rated “no” for any criteria. In all the design groups, all the
criteria not rated “yes” were rated “not sure.”

Significance and Comparison With Prior Work
First, the rapid adoption of CPD-REACTION across time,
countries, and languages suggests that this instrument addresses
the needs of CPD developers and that they seek not only
validated assessment tools but also those that are informed by
behavior change theories. Recent literature on this topic tends
to suggest an increasing penetration of behavior change theories
in the CPD developer community [2,76,77]. The use of behavior
change theory has been frequently linked to effectiveness in
systematic reviews of behavioral change interventions [76,77].
More recently, strategies have also focused not only on adopting
new behaviors but also on abandoning low-value or harmful
behaviors. However, few behavioral theories distinguish
between behavior adoption and abandonment, including the
theories on which CPD-REACTION is based [78]. Future
research should distinguish between the two and develop
theories that support both types of behavior change [79,80].

Second, physicians and nurses were the most represented health
professionals. Most groups of participants engaging in CPD
activities were interprofessional clinical teams, and 1 in 10
studies included managers or decision-makers among
participants. This suggests that CPD designers are increasingly
creating multidisciplinary training experiences to be shared with
other stakeholders and professionals to enhance the relevance
and impact of CPD [2,81]. Previous research has highlighted
that including peer groups seems to be an effective approach to
enhancing CPD activities and moving forward with professional
practice change [82]. Future research should determine the

effects of interprofessional participant groups or peer groups
on CPD effectiveness.

Third, studies using an adapted version of CPD-REACTION
reported Cronbach α ranging from .62 to .91, indicating that
modified instruments perform well in terms of their
psychometric properties. Other studies have reported
psychometric values mentioned in the original version of
CPD-REACTION. We observed that overall, the behavioral
change intention scores reported ranged from 2.9 to 7. In
pre-post studies, the mean difference in intention scores was
0.54 SD 0.13, and the distribution of scores across all constructs
ranged from 1.8 to 7. Lower scores were observed when
CPD-REACTION was used either only preactivity or only
postactivity. Dissemination of the user manual will aid in the
use of the tool to its best advantage. A lower score could also
be because of the CPD topic being more controversial and thus
less likely to be implementable. Overall, the adapted versions
of CPD-REACTION reported Cronbach α values, indicating
that the questionnaire had good internal consistency reliability.
Furthermore, our results suggest that CPD-REACTION is
adaptable to digital platforms, as two-thirds of the activities
were web-based.

Fourth, using CPD-REACTION to measure construct scores,
both pre- and post-CPD activity, is a helpful demonstration of
the effect of CPD activities on behavioral intention and
explanatory constructs. However, measuring learning outcomes
for levels 3 and 4 of the Kirkpatrick model remains challenging.
CPD-REACTION uses intention as a measure of behavioral
intention; however, other measurement strategies are needed to
directly measure behavior change. Although other outcomes
such as “satisfaction of participants” were reported, the studies
did not correlate these with the CPD-REACTION measures. In
some studies, participants were contacted after 3 months or
more to self-assess their behavior change [8]. The purpose of
CPD-REACTION was not to measure its effects on patient
outcomes, which is another important outcome of CPD.
CPD-REACTION could be followed up by participant surveys
to assess the longer-term impacts of participants’ behaviors on
their practices or institutions and should use patient-reported
measures. Some studies suggest that CPD programs should
compare self-assessments, such as CPD-REACTION, with
continuous formal participant multisource assessment by peers
[73].

Limitations
Our systematic review used diverse strategies to find studies
that had used CPD-REACTION. However, we relied on the
published results and did not contact the authors of the included
studies. Thus, it is possible that we may have missed studies
that were not published as well as items of interest in those we
included. Owing to the large number of included studies, we
had to organize the information into broad categories to increase
the interpretability of the data.

Conclusions
The CPD-REACTION questionnaire is a simple, relevant, and
easy-to-use tool for assessing the effectiveness of CPD activities
on health professionals’ behavioral intention and, as we have
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observed, to identify barriers and facilitators of behavior change.
This tool has been used to evaluate CPD activities in a wide
range of clinical topics and behaviors. However, most users do
not measure intention both before and after the activity.

Dissemination of a user manual will aid in the use of the tool
to its best advantage. Further research should investigate the
most effective way to adapt the CPD-REACTION questionnaire
to various uses and contexts.
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Abstract

Background: Anatomy has been the cornerstone of medical education for centuries. However, given the advances in the Internet
of Things, this landscape has been augmented in the past decade, shifting toward a greater focus on adopting digital technologies.
Digital anatomy is emerging as a new discipline that represents an opportunity to embrace advances in digital health technologies
and apply them to the domain of modern medical sciences. Notably, the use of augmented or mixed and virtual reality as well as
mobile and platforms and 3D printing in modern anatomy has dramatically increased in the last 5 years.

Objective: This review aims to outline the emerging area of digital anatomy and summarize opportunities and challenges for
incorporating digital anatomy in medical science education and practices.

Methods: Literature searches were performed using the PubMed, Embase, and MEDLINE bibliographic databases for research
articles published between January 2005 and June 2021 (inclusive). Out of the 4650 articles, 651 (14%) were advanced to full-text
screening and 77 (1.7%) were eligible for inclusion in the narrative review. We performed a Strength, Weakness, Opportunity,
and Threat (SWOT) analysis to evaluate the role that digital anatomy plays in both the learning and teaching of medicine and
health sciences as well as its practice.

Results: Digital anatomy has not only revolutionized undergraduate anatomy education via 3D reconstruction of the human
body but is shifting the paradigm of pre- and vocational training for medical professionals via digital simulation, advancing health
care. Importantly, it was noted that digital anatomy not only benefits in situ real time clinical practice but also has many advantages
for learning and teaching clinicians at multiple levels. Using the SWOT analysis, we described strengths and opportunities that
together serve to underscore the benefits of embracing digital anatomy, in particular the areas for collaboration and medical
advances. The SWOT analysis also identified a few weaknesses associated with digital anatomy, which are primarily related to
the fact that the current reach and range of applications for digital anatomy are very limited owing to its nascent nature. Furthermore,
threats are limited to technical aspects such as hardware and software issues.

Conclusions: This review highlights the advances in digital health and Health 4.0 in key areas of digital anatomy analytics. The
continuous evolution of digital technologies will increase their ability to reinforce anatomy knowledge and advance clinical
practice. However, digital anatomy education should not be viewed as a simple technical conversion and needs an explicit
pedagogical framework. This review will be a valuable asset for educators and researchers to incorporate digital anatomy into
the learning and teaching of medical sciences and their practice.

(JMIR Med Educ 2022;8(2):e34687)   doi:10.2196/34687
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Introduction

Background
For over 10 years, the relatively nascent domain of digital health
[1,2] and the application and embracement of the tools,
techniques, and technologies of Industry 4.0 into health care
delivery have advanced and matured [3,4]. Much of this
advancement has been because of the breakthroughs in the
technologies making up the Internet of Things, including mobile
and platforms, virtual reality (VR), mixed reality (MR) and
augmented reality (AR), 3D printing, analytics, and sensors [3].
Taken together, these technologies are serving to affect the
digital transformation of health care delivery [4]; that is, making
the interaction with technology, be it mobile solutions, reliance
on analytics, sensors, AR, VR, or MR, an integral part of patient
and clinician activity in either the receiving or delivery of care.
This is being done to support a health care value proposition of
better access to care and a higher quality of care and to ensure
that a high value of care ensues [5].

In this context, it is natural to see a similar transformation in
various aspects of the medical field [6,7]. To date, notable
advances in medicine which uses these technologies include
orthopedics where 3D printing is now being used to replace or
repair body parts such as a broken jaw; robotics is used to
facilitate minimal invasive surgery; and analytics visual,
imaging, or text in particular is being used extensively in cancer
care [8]. One area that has been slow to embrace technological
advances has been anatomy, a field that is of critical importance
to medicine and the delivery of health care. Today, in most
medical schools, anatomy is taught in the traditional fashion
with cadavers [9-11], and only a few leading medical schools
are venturing into the domain of digital anatomy, where the
technologies of the Internet of Things, especially VR, AR, and
MR, are used to recreate human structures to support the study
of the human body.

Specifically, digital anatomy, or what is often defined as
computer-based 3D modeling of the human body [12], is an
area of growing importance and significance. Digital anatomy
is advancing and becoming more sophisticated given the
progress and sophistication in computer modeling, VR, MR and
AR. Moreover, the benefits of digital anatomy appear to be
far-reaching and provide assistance to students, clinicians,
patients, and other stakeholders [12]. In addition, digital anatomy
provides a cost-effective approach to realizing high-quality
outcomes [13]. This study contends that digital anatomy
represents an opportunity to embrace advances in digital health
technologies and apply them to the domain of anatomy to
enhance and modernize this core area of medical science. This
review aims to outline the emerging area of digital anatomy in
both teaching and research and importantly summarize
opportunities and challenges for incorporating digital anatomy
in medical science education and practices, which is particularly
pertinent to future medical and health science education. The
following then serves to answer the following research

questions: “What are the barriers and facilitators for the
implementation of the digital technology in anatomy education
and research,” “How can we embrace digital health technologies
to advance the domain of anatomy,” and “What are the strengths,
weaknesses, opportunities, and threats in which may arise when
digital health technologies are incorporated to advance the
domain of anatomy?”

Background of Digital Anatomy
Anatomy has over 2000 years of history [14-16] with the first
documented scientific description of human structures by
Hippocrates of Cos (V-IV centuries BC) [17]. Although ancient,
this scientific discipline is born to be highly adaptive and has
undergone checkered changes from its beginning in ancient
Greece, Renaissance, to the 19th and now the 21st century
[16,18-20]. Modern anatomy teaching is now embracing new
innovative modalities. Although human cadavers are viewed
as the gold standard for best practices in anatomical education,
there is a clear shift from traditional, cadaver-based anatomy
teaching toward digital tools–based or mixed (digital tools plus
cadavers) curriculum [12,21]. This shift is inevitable, not only
driven by an increase in student numbers and financial and
ethical constraints on cadaver use but also by the rapid
development of medical technology. Digital anatomy is
emerging as a new discipline [12,22], representing an
intersection of converging disciplines, including medical
imaging, 3D reconstruction and printing, AR, and artificial
intelligence and robotics.

Digital Anatomy Education Is Fast Developing
An array of digital anatomy tools is currently available with
supplementary features [23] and provides curriculum developers
with more opportunities to achieve the desired learning
outcomes. VR, AR, MR, 3D printing, and tablet-based programs
are digital approaches commonly used worldwide for teaching
gross and regional anatomy [12,23] either on-site or on the web
(web- or cloud-based). When combined to teach the same
structures, VR, AR, and tablet anatomy apps have been found
to increase learner immersion and engagement [24], and learners
develop a deeper understanding of surface anatomy and internal
structures relative to their surroundings [25], the latter of which
is a desired anatomy learning outcome.

One genuine concern, however, is whether digital anatomy is
adequately sufficient for medical education. It is important to
appreciate that digital anatomy tools have become more
sophisticated, and their fidelity has improved compared with
what they were 10 or 5 years ago [12]. Recent digital anatomy
resources provide comparative learning outcomes such as
understanding of disease and pathology to students, including
medical students, compared with cadaver-based education
[26-29]. Over 75% of anatomy pedagogy research (126 out of
164 studies) conducted between 2007 and 2017 found that digital
technologies enhance anatomical education across multiple
disciplines, including medicine, surgery, dentistry, and allied
health professions [30]. Virtual or digital dissection tables have
been effectively implemented in medical education, providing
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an alternative experience for understanding human body
complexity and layers of internal structures. Junior medical
students perceive the use of virtual dissection as a valuable tool
for learning anatomy and radiology [27]. Evaluation of the
effectiveness of anatomical education using digital technologies,
including AR, VR, and MR, supports several pedagogy
measurements, including student experience and satisfaction
[23,24,28,30,31], learning performance and outcome
[25-27,29,31,32], problem-solving skills and clinical reasoning
[32,33], and postintervention knowledge and skills outcomes
[34-36], with or without comparison with traditional teaching.
Overall, these studies support the premise of applying digital
anatomy as a means of curriculum development for more
surgical-oriented training. The development of digital anatomy
cannot replace cadaver-based anatomy teaching but offers
unique and sustainable learning experiences and outcomes.
Hence, the question of whether digital technology can be used
in anatomical education has passed and curriculum developers
have now reached a new phase of how to effectively apply
digital modalities to learner-centered education that best suit
course design and learning outcomes.

Today, digital approaches are combined with blended teaching
modes in both face-to-face and remote learning and case- and
group-based studies, fostering interdisciplinary collaboration.
However, effective digital anatomy education requires
curriculum redesign. Digital anatomy education should not be
viewed as a simple technical conversion from cadaveric to
digital approaches. When designing a digital anatomy
curriculum, regardless of the discipline, content delivery needs
to be tightly linked with the chosen digital tools. Careful
alignment between learning tasks and performance measures
using digital tools is required [37]. Different digital anatomy
tools come with supplementary features; hence, their selection
needs to best meet the graduates’attributes. Moreover, anatomy
education, either virtual or classical, requires trained personnel
and time. However, the decline in trained anatomy instructors
is an ongoing challenge in this discipline [14]. When moving
into the digital phase, the competence and attitude of the staff
toward using digital tools in teaching and research is another
key factor in the success of digital anatomy course delivery and
development.

Digital Anatomy Research Is Moving Into a New
Dimension
Anatomy is far more than landmarks. Many medical advances
have been made in anatomical research. Specialized medical
imaging techniques such as computed tomography scans and
magnetic resonance imaging have revolutionized health care
service quality through better visualization of patients’anatomy,
including pathology. Together with physicians, surgeons,
radiologists, and computational scientists, anatomists can now
adopt the latest digital technologies to promulgate a questioning
scientific spirit. The human body is a typical example of
organism diversity and variation, but 2D slices are no longer
sufficient to provide a full picture that can guide clinical
management and regimes. In this context, digital anatomy
research driven by clinical problems has established a new
research dimension in this discipline. 3D-printed anatomy
models not only function as a training tool for both health

professionals and patients [38,39] but also advance the
development of tissue engineering [40-42] and patient-specific
medical devices [43,44], which have lifesaving potential for
complex cases. Moreover, the digital processing of anatomical
data provides a precise representation of the patient’s anatomy.
Indeed, the digitization of patient-specific anatomy has gained
momentum in recent years [45-47] and has moved beyond 3D
printing [46,48]. It is envisaged that patient-specific digital
anatomy could be a catalyst for changing and bridging the
quality of personalized care. AR merges virtual patient-specific
anatomy into a real surgical view. By adopting 3D modeling
and preoperative virtual planning, anatomists can generate 3D
reconstructed organs for individual patients before surgery
[45,46] and enable statistical modeling that can accurately
predict posttraumatic or postsurgical conditions [47]. Therefore,
patient-specific anatomy will allow for more accurate risk
evaluation of invasive surgery [47,49] and provide advanced
personalized patient care. In this context, digital anatomy will
revolutionize our understanding of anatomical variations and
effectively apply them in clinical settings. From a training
perspective, this new field of digital anatomy research may also
enable the rehearsal of virtual surgeries, such as virtual
transplantation. In the future, patient-specific digital anatomy
research could be successfully integrated with big data analytics
and deep learning [8]. In so doing, the outcomes of digital
anatomy research will be transformational, not only applying
to personalized surgeries for many organs and digital health but
also providing unprecedented insights into health care
advancement.

Digital Anatomy in Clinical Practice: A Shifting
Paradigm for Future Health Care Education
The rapid development of digital anatomy will not only
revolutionize undergraduate anatomy education but also shift
the paradigm of pre- and vocational training for health care
professionals. New clinical skills that require digital technology
have evolved for advanced treatments [50]. However, restricted
operative opportunities for medical and surgical trainees remain
a challenging issue in clinical training around the world because
of financial, resource, and other logistical constraints and the
recent COVID-19 pandemic [51]. Furthermore, traditional
cadaver-based clinical training does not address the need for
growing health care advancements. Thus, efforts have been
made to provide digital-based operative education outside the
theater and cadaver laboratory, while reducing the variability
in trainees’ operative experience and skills.

Digital-based clinical simulation has been delivered for new
and advanced practices, with consistent positive effects on
knowledge, skills, and professional behaviors. Digital
simulations with improved fidelity such as haptic features are
being applied at all levels of learners to a wide range of surgical
training, including ear, nose, or throat [52,53]; orthopedic [54];
vascular [55]; ophthalmic [56-58], and neurosurgeries [59-63],
involving endoscopy [61,64-68], laparoscopy [69], and robotics
[8]. The AR or VR anatomy teaching of health professionals
shows clear benefits of improving surgical confidence [70],
performance [63], and postintervention knowledge and skills
[34-36], particularly in complex conditions such as neurological
and cardiovascular diseases [33]. These studies demonstrate
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that digital simulation for surgical anatomy training is feasible
and provides depth perception of surgical procedures, which is
particularly pertinent for training novice or inexperienced
surgical residents [63,71]

Moreover, a virtual surgical simulator has been developed for
cleft repair surgical education [72,73]. Virtual technology has
been found to increase nursing students’ clinical skills without
harming patients and help prepare nurses for new practices such
as robotic surgery [74]. Together, digital-based clinical skill
training has been established as a new training model for health
professionals, improving postintervention knowledge and skill
outcomes via a virtual and immersive environment when
compared with traditional education [36].

Modern health care practitioners, from nurses to physicians and
allied health professionals, are required to work effectively in
teams and rely on each other’s expertise to provide holistic and
optimal patient-centered management. Digital health has
substantially improved the way health professionals handle
clinical phases. Recent advances in the digital acquisition of
patient-specific anatomy data can provide substantial
information to the clinician; hence, complex surgeries and less
invasive local therapies can be easily planned [45-47,49]. Thus,
digital anatomy–based clinical training and practice will
continue to address restrictions and reduce disparities in surgical
training. This is expected to have a significant impact on future
precision surgery and development of collaborative global
curricula in surgical education. It is possible that digital anatomy
laboratories may become part of the operation in future

hospitals, and health professionals in different disciplines,
including medical and surgical residents and fellows, could
review regions pertinent to their specialties.

Methods

Literature searches were performed using the PubMed, Embase,
and MEDLINE bibliographic databases for research articles
published between January 2005 and June 2021 (inclusive; see
Figure 1 for the search flow diagram). Combinations of the
following search terms and subheadings were considered
appropriate for this investigation: anatomy, digital anatomy,
virtual reality, augmented reality, mixed reality, apps, teaching,
education, anatomy, and training. The publications chosen were
restricted to those written in English that described human
anatomical education or training within the health and medical
sciences. Articles published in the fields of nonhuman anatomy
education and microscopic anatomy were excluded from the
study. The primary aim of this study was to identify the barriers
to and facilitators for the implementation of digital anatomy
education and research. No ethical clearance was required for
this study because all selected studies had previously received
ethics approval from local institutional review boards. A
Strength, Weakness, Opportunity, and Threat (SWOT) analysis
(descriptive analysis) was performed to evaluate the roles that
digital anatomy plays in both the learning and teaching of
medicine and health sciences as well as its practice. A formal
meta-analysis was not performed owing to the heterogeneity of
the retrieved data.

Figure 1. A summary of selected articles shown in the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Results

Overview
A move toward digital anatomy is inevitable. As with the

development of any new discipline, there are both strengths and
weaknesses associated with digital anatomy, accompanied by
potential threats and opportunities, as shown by the SWOT
analysis (Table 1).

Table 1. Matrix analysis of digital anatomy.

OpportunityThreatWeaknessStrengthStrategy

Digital anatomy resources more
accessible

—aConsiderable initial setup
cost such as hardware de-
vices

Cost-effective and low mainte-
nance over the long term (person-
nel and resources) [13]

Cost

New technical development and
software upgrade available;
compatible with increase in
student numbers and the de-
mand of remote learning; new
options for future clinical skill
laboratory in the hospital

Hardware and software up-
grade; the cost of changing;
conservative thinkers

Virtual; digital tools not al-
ways compatible with exist-
ing infrastructure or teach-
ing settings in the cadaver
laboratory

Flexible; time-efficient; low
maintenance required for manual
handling and occupational safety

Education setting

Augmented reality and virtual
reality resources more sophisti-
cated [12] with supplementary
features [23]; digital and haptic
technologies are being integrat-
ed for surgical anatomy training
[75,76]; embrace anatomy
learning with new medical
technology; enable discipline-
specific learning [64,65]

Variable digital competen-
cies of users (instructor and
student) [30]; limited expo-
sure to human body variabil-
ity

Currently limited on show-
ing anatomical variations;
current virtual dissection has
lack of tactile information;
shortfall in learner-centered
digital technologies in health
care education [32]

Combine surface and regional
anatomy [23]; consistent learner
satisfaction [23,24,28,30,31];
better visualizing deeper struc-
tures incorporating virtual dissec-
tion; integrating anatomy, physi-
ology, and pathology; integrating
gross and microscopic anatomy
with medical imaging in one set-
ting

Learner experience

Allow vertical integration of
surgical anatomy through ad-
vanced curricula; enable train-
ing for new and advanced
practices [74,78]; advance pa-
tient-specific anatomy for per-
sonalized health care and train-
ing [46]; learner-centered
health care education [32]

Limited education opportuni-
ty for learners’ feelings
about death; potential lack
of traditional surgical skills
training; impact of new digi-
tal anatomy curricula on fu-
ture surgical competencies
unclear

Currently lacked explicit
pedagogical framework

Enable streamed group-based
study on the same anatomical
structure (not possible on a single
cadaver or model) [23]; cognitive
skills and memory retention;
postintervention knowledge and
skills outcomes [36]; unique at-
tributes to safe clinical practice
[74]; improve clinical reasoning
[32,33,77]

Learning outcome

Enable sophisticated preopera-
tive study [45-47,49]; trigger
curriculum redesign; foster new
collaborative graduate courses
[79]; catalyze new specialties
and medical advances; advance
personalized patient health care
[43,45-47]; integrating into
digital health

——Accessible for users’ self-revi-
sion; enable flexible and rapid
curriculum change; address re-
strictions and reduce disparities
in surgical training; improve in-
formed patient consent and edu-
cation for surgical planning
[38,39]; enable and catalyze re-
source sharing and collaboration
at all levels of training and prac-
tice

Collaboration and
medical advances

aNo data available.

Cost and Class Setting
From an economic perspective, the implementation of digital
anatomy has a clear and cost-effective impact. The use of digital
techniques would dramatically reduce the ongoing cost spent
on classes, books, mannequins, cadavers (procurement,
preparation, and disposal), and ventilation systems compared
with traditional anatomy teachings, estimated at US $390,000
every 5 years [13]. Moreover, the number of digital technology
options continues to increase. Hence, the cost of such equipment
is likely to decrease over time because of the rise in competition.
Although there is considerable initial setup cost, particularly

for hardware devices, the overall maintenance is low over the
long term [13]. Moreover, digital anatomy laboratories require
minimum manual handling and ventilation monitoring because
of occupational fixative exposure, both of which are ongoing
work-related safety hazards in cadaver laboratories. Thus, the
class setting and turnover of the digital anatomy laboratory are
flexible, time-efficient, and readily accessible for both learners
and instructors. In addition, many digital anatomy resources
allow web- or cloud-based access, thereby allowing the
development and delivery of new courses for remote learning
without significant administrative investment. In light of the
lengthy global pandemic, digital anatomy represents unique
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advantages for class setting change, resource development, and
new course development during both the COVID and
post-COVID periods. The rapid development of digital
technology together with patient-specific anatomy research will
make virtual surgical planning and rehearsal room possible in
the future [46]. Overall, digital anatomy can provide
cost-effective education at a time when the demands on training
and health care services continue to increase.

Medical Education: Learning Experience and Outcome
Digital technology–based education has demonstrated consistent
learner satisfaction, outperforming the traditional approaches
[23,24,28,30,31]. However, representations of human body
variations are limited to the current digital resource capacities.
Thus, there is a need to expand the repertoire of digitized
cadaveric resources, particularly for the appreciation of human
body variations and diversity. New digital resources are being
rapidly developed and have shown a good correlation between
cadaveric materials and digital resources, such as for coronary
artery distribution [80]. When combining AR with virtual
dissection, digital anatomy has clear advantages for visualizing
internal deeper structures and integrating anatomy, physiology,
pathology, and medical imaging for the same structure at both
gross and microscopic levels (Table 1). This ultimately enables
a streamed group-based study of the same anatomical structure,
which is not possible with a single cadaver or model [23]. When
implemented for simulation classes, blended digital anatomy
teaching enhances postintervention knowledge and skills [36].

Competent clinicians, particularly surgeons, need a deep
understanding of anatomy for safe clinical procedures. In this
context, digital anatomy has unique attributes for clinical
training, such as patient safety, postintervention knowledge and
skill outcomes, and real-life conditions without time limitations
and patient discomfort [36,74]. However, there is a concern that
medical students without exposure to cadaver-based dissection
could be less competent in surgical skills and have limited
opportunities for learning about death; hence, they are poorly
prepared when entering clerkships and residency programs. The
cadaver-based dissection class, limited by the number of bodies,
means to preserve them, and associated logistics, is an ongoing
and worldwide challenge in medical and surgical education. In
this context, virtual or digital dissection provides an alternative
and valuable learning experience for medical students [27] when
classic dissection classes are not accessible. Moreover, the
ongoing and rapid development of sophisticated digital tools
with high fidelity, such as digital anatomy education
incorporating haptic technologies [76], will significantly advance
new clinical practices such as robotic surgery for health
professionals.

That said, the impact of new digital anatomy curriculum reforms
on the retention of future surgical competencies is currently
unclear (Table 1). Therefore, future research is required to
evaluate students’ perceptions and effectiveness of digital
simulation in the satisfactory development of surgical skills. In
addition, proficiency in surgical care is complex, as it not only
involves knowledge of instrumentation and surgical procedures
but also a comprehensive integration of anatomy and physiology
for the organ being operated. In this context, digital anatomy

resources provide sophisticated tools for preoperative study,
particularly complex surgical planning [45-47,49] (Table 1).
Although digital anatomy has unique attributes that can improve
learning outcomes when compared with traditional learning
methods [32], there is currently a shortfall in learner-centered
implementation of digital technologies in health care education,
where these technologies have the capacity to cause a paradigm
shift (Table 1).

The digital competencies of users (both instructors and students)
and their attitude toward technology is another key element that
heavily influences curriculum effectiveness (Table 1).
Researchers might be overconfident in the use of digital
technologies [30], highlighting the importance of adequate
technical training for instructors. VR and AR technologies
display supplementary features and suit different purposes of
anatomy teaching and research (Table 1). VR was found to be
the most prevalent and influential digital technology, followed
by web-based and computer-aided resources [30]. Although AR
and VR are relatively mature technologies suitable for surface
and regional applications, MR is still a developing technology
and is not necessarily consumer-ready at this point of time [23].
However, research in the educational setting shows great
promise in its potential to allow multiple users to visualize the
same structure if the headsets communicate with each other
[23].

Discussion

Using SWOT analysis (Table 1), we described strengths and
opportunities that together serve to underscore the benefits of
embracing digital anatomy, particularly in the areas of medical
education and advances. The SWOT analysis also identified a
few weaknesses associated with digital anatomy, which are
primarily related to the fact that the current reach and range of
applications for digital anatomy are very limited because of its
nascent nature. Furthermore, threats are limited to technical
aspects such as hardware and software issues. This finding
highlights the advances in digital health and Health 4.0 in key
areas of digital anatomy analytics.

Digital health is still quite nascent; however, the benefits of the
application of advances in technology and the development of
technologies that make up the Internet of Things to health care
are significant and difficult to quantify. Many aspects of digital
health, such as telehealth, have recently become very important
given the recent COVID pandemic but before this, although
recognized as having many advantages, had yet not received
universal appeal [4]. It is in this context that applying such
advances to the area of anatomy, the domain that has for the
most part remained quite traditional in not only the way it is
taught to medical students but also in how clinicians typically
refer to anatomy in clinical consultations or in the operating
theater is considered. Specifically, the broadening of anatomy
is recommended to include consideration of digital anatomy.
From a technical perspective, digital anatomy is not a major
challenge given that the technologies of AR, VR and MR are
well developed and easily transferable to this context as are
other techniques and technologies around analytics and even
3D printing. However, digital anatomy education should not be
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viewed as a simple technical conversion and needs an explicit
pedagogical framework. It is more challenging to apply these
technological advances to relatively traditional domains. This
requires changes in the processes and mindsets of key
stakeholders, policymakers, regulatory bodies, and advocate
groups. We assert that it is necessary to embrace digital advances
in anatomy and incorporate digital anatomy into various contexts
such as education and clinical practice so that it will be possible
to realize the benefits, strengths, and opportunities identified in
Table 1 that digital anatomy affords. This will serve not only
to advance digital health but also to provide a better educational
experience and understanding of anatomy for clinicians, which
in turn will translate into better patient outcomes.

The preceding section outlined the emerging area of digital
anatomy. This was done by first highlighting the advances in
digital health and Health 4.0 in key areas of analytics and AR,
MR and VR as well as mobile and platforms and 3D printing.
From this, the impact of analytics and AR, MR and VR in
particular can be harnessed to enable the vision of digital
anatomy to be realized. Importantly, it was noted that digital
anatomy cannot only benefit in situ real time clinical practice
but also has many advantages for learning and teaching
clinicians at multiple levels.

To unpack this further, we presented a SWOT analysis of
opportunities for incorporating digital anatomy. It is apparent
from Table 1 that there are very few weaknesses with digital
anatomy, most of which are related to the fact that the current
reach and range of applications for digital anatomy are very
limited because of its nascent nature. Furthermore, the threats
are limited to technical aspects such as hardware and software
issues; given that hardware and software costs not only continue
to decrease over time but also witness significant improvements
and advances, we are of the opinion that this threat, although

minimal, will diminish further in the fullness of time. The
continuous evolution of digital technologies will increase their
ability to reinforce anatomy knowledge and advance clinical
practice. Similarly, we are confident that digital literacy and
proficiency of students and clinicians will increase over time.
Moreover, we are confident that expectations from students and
clinicians regarding digital anatomy will increase over time.
What is particularly pleasing is that Table 1 clearly highlights
many and multiple strengths and opportunities that taken
together serve to underscore the benefits of embracing digital
anatomy. Future research should evaluate the long-term
effectiveness of digital anatomy and its impact on multiple
domains, such as changes in learners’ practice, behavior, and
skills. There are also some limitations associated with this study.
Qualitative analysis was performed on the included studies;
however, a meta-analysis was not performed because of the
heterogeneity of the retrieved data.

We set out to create a case for digital anatomy. Table 1 lists its
merits and benefits. However, that is in reality only the
beginning. For digital anatomy to be fully embraced and
realized, it is necessary for policy to be affected to encourage
and support its adoption. Our future work will focus on this in
detail, but areas of consideration include support for digital
anatomy from health care advocate bodies, medical education
bodies, and leading health care societies such as the Health
Informatics Management Systems Society or the Australasian
Institute of Digital Health. In addition, careful attention should
be paid to the development of appropriate standards and quality
for digital anatomy construction, design, and development. We
believe that this is an exciting, emerging area that holds the
promise of significant advances for both the learning and
teaching of medicine as well as the practice of medicine and
close by calling for more research in this key area.
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Abstract

Background: Mobile devices can provide extendable learning environments in higher education and motivate students to engage
in adaptive and collaborative learning. Developers must design mobile apps that are practical, effective, and easy to use, and
usability testing is essential for understanding how mobile apps meet users’ needs. No previous reviews have investigated the
usability of mobile apps developed for health care education.

Objective: The aim of this scoping review is to identify usability methods and attributes in usability studies of mobile apps for
health care education.

Methods: A comprehensive search was carried out in 10 databases, reference lists, and gray literature. Studies were included
if they dealt with health care students and usability of mobile apps for learning. Frequencies and percentages were used to present
the nominal data, together with tables and graphical illustrations. Examples include a figure of the study selection process, an
illustration of the frequency of inquiry usability evaluation and data collection methods, and an overview of the distribution of
the identified usability attributes. We followed the Arksey and O’Malley framework for scoping reviews.

Results: Our scoping review collated 88 articles involving 98 studies, mainly related to medical and nursing students. The
studies were conducted from 22 countries and were published between 2008 and 2021. Field testing was the main usability
experiment used, and the usability evaluation methods were either inquiry-based or based on user testing. Inquiry methods were
predominantly used: 1-group design (46/98, 47%), control group design (12/98, 12%), randomized controlled trials (12/98, 12%),
mixed methods (12/98, 12%), and qualitative methods (11/98, 11%). User testing methods applied were all think aloud (5/98,
5%). A total of 17 usability attributes were identified; of these, satisfaction, usefulness, ease of use, learning performance, and
learnability were reported most frequently. The most frequently used data collection method was questionnaires (83/98, 85%),
but only 19% (19/98) of studies used a psychometrically tested usability questionnaire. Other data collection methods included
focus group interviews, knowledge and task performance testing, and user data collected from apps, interviews, written qualitative
reflections, and observations. Most of the included studies used more than one data collection method.

Conclusions: Experimental designs were the most commonly used methods for evaluating usability, and most studies used field
testing. Questionnaires were frequently used for data collection, although few studies used psychometrically tested questionnaires.
The usability attributes identified most often were satisfaction, usefulness, and ease of use. The results indicate that combining
different usability evaluation methods, incorporating both subjective and objective usability measures, and specifying which
usability attributes to test seem advantageous. The results can support the planning and conduct of future usability studies for the
advancement of mobile learning apps in health care education.
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Introduction

Background
Mobile devices can provide extendable learning environments
and motivate students to engage in adaptive and collaborative
learning [1,2]. Mobile devices offer various functions, enable
convenient access, and support the ability to share information
with other learners and teachers [3]. Most students own a mobile
phone, which makes mobile learning easily accessible [4].
However, there are some challenges associated with mobile
devices in learning situations, such as small screen sizes,
connectivity problems, and multiple distractions in the
environment [5].

Developers of mobile learning apps need to consider usability
to ensure that apps are practical, effective, and easy to use [1]
and to ascertain that mobile apps meet users’ needs [6].
According to the International Organization for Standardization,
usability is defined as “the extent to which a system, product
or service can be used by specified users to achieve specified
goals with effectiveness, efficiency, and satisfaction in a
specified context of use” [7]. Better mobile learning usability
will be achieved by focusing on user-centered design and
attention to context, ensuring that the technology corresponds
to the user’s requirements and putting the user at the center of
the process [8,9]. In addition, it is necessary to be conscious of
the interrelatedness between usability and pedagogical design
[9].

A variety of usability evaluation methods exists to test the
usability of mobile apps, and Weichbroth [10] categorized them
into the following 4 categories: inquiry, user testing, inspection,
and analytical modeling. Inquiry methods are designed to gather
data from users through questionnaires (quantitative data) and
interviews and focus groups (qualitative data). User testing
methods include think-aloud protocols, question-asking
protocols, performance measurements, log analysis, eye
tracking, and remote testing. Inspection methods, in contrast,
involve experts testing apps, heuristic evaluation, cognitive
walk-through, perspective-based inspections, and guideline
reviews. Analytical modeling methods include cognitive task
analysis and task environment analysis [10]. Across these 4
usability evaluation methods, the most commonly used data
collection methods are controlled observations and surveys,
whereas eye tracking, think-aloud methods, and interviews are
applied less often [10].

Usability evaluations are normally performed in a laboratory
or in field testing. Previous reviews have reported that usability
evaluation methods are mainly conducted in a laboratory, which
means in a controlled environment [1,11]. By contrast, field
testing is conducted in real-life settings. There are pros and cons
to the 2 different approaches. Field testing allows data collection
within a dynamic environment, whereas in a laboratory data
collection and conditions are easier to control [1]. A variety of

data collection methods are appropriate for usability studies;
for instance, in laboratories, participants performing predefined
tasks, such as using questionnaires and observations, are often
applied [1]. In field testing, logging mechanisms and diaries
have been applied to capture user interaction with mobile apps
[1].

In all, 2 systematic reviews examined various psychometrically
tested usability questionnaires as a means of enhancing the
usability of apps. Sousa and Lopez [12] identified 15 such
questionnaires and Sure [13] identified 13. In all, 5 of the
questionnaires have proven to be applicable in usability studies
in general: the System Usability Scale (SUS), Questionnaire
for User Interaction Satisfaction, After-Scenario Questionnaire,
Post-Study System Usability Questionnaire, and Computer
System Usability Questionnaire [12]. The SUS questionnaire
and After-Scenario Questionnaire are most widely applied [13].
The most frequently reported usability attributes of these 5
questionnaires are learnability, efficiency, and satisfaction [12].

Usability attributes are features that measure the quality of
mobile apps [1]. The most commonly reported usability
attributes are effectiveness, efficiency, and satisfaction [5],
which are part of the usability definition [7]. In the review by
Weichbroth [10], 75 different usability attributes were identified.
Given the wide selection of usability attributes, choosing
appropriate attributes depends on the nature of the technology
and the research question in the usability study [14]. Kumar
and Mohite [1] recommended that researchers present and
explain which usability attributes are being tested when mobile
apps are being developed.

Previous reviews have examined the usability of mobile apps
in general [5,10,11,14,15]; however, only one systematic review
has specifically explored the usability of mobile learning apps
[1]. However, studies from health care education were not
included. Similarly, usability has not been widely explored in
medical education apps [16]. Thus, there is a need to develop
a better understanding of how the usability of mobile learning
apps developed for health care education has been evaluated
and conceptualized in previous studies.

Objectives
The aim of this scoping review has therefore been to identify
usability methods and attributes in usability studies of mobile
apps for health care education.

Methods

Framework
We have used the framework for scoping reviews developed
by Arksey and O'Malley [17] and further developed by Levac
et al [18] and Khalil et al [19]. We adopted the following five
stages of this framework: (1) identifying the research question,
(2) identifying relevant studies, (3) selecting studies, (4) charting
the data, and (5) summarizing and reporting the results [17-19].
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A detailed presentation of each step can be found in the
published protocol for this scoping review [20]. We followed
the PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
checklist for reporting scoping reviews (Multimedia Appendix
1 [21]).

Stage 1: Identifying the Research Question
The following two research questions have been formulated:

1. Which usability methods are used to evaluate the usability
of mobile apps for health care education?

2. Which usability attributes are reported in the usability
studies of mobile apps for health care education?

Stage 2: Identifying Relevant Studies
A total of 10 electronic databases on technology, education,
and health care from January 2008 to October 2021 and
February 2022 were searched. These databases were as follows:
Engineering Village, Scopus, ACM Digital Library, IEEE
Xplore, Education Resource Information Center, PsycINFO,
CINAHL, MEDLINE, EMBASE, and Web of Science. The
search string was developed by the first author and a research
librarian and then peer reviewed by another research librarian.
The search terms used in the Web of Science, in addition to all

relevant subject headings, included: ((student* or graduate* or
undergraduate* or postgraduate*) NEAR/3 nurs*). This search
string was repeated for other types of students and combined
with the Boolean operator OR. The search string for all types
of health care students was then combined with various search
terms for mobile apps and mobile learning using the Boolean
operator AND. Similar search strategies were used and adapted
for all 10 databases as shown in Multimedia Appendix 2. In
addition, a citation search in Google Scholar, screening reference
lists of included studies, and searching for gray literature in
OpenGrey were conducted.

Stage 3: Selecting Studies
Two of the authors independently screened titles and abstracts
using Rayyan web-based management software [22]. Studies
deemed eligible by one of the authors were included for full-text
screening and imported into the EndNote X9 (Clarivate)
reference management system [23]. Eligibility for full-text
screening was determined independently by two of the authors
and disagreements were resolved by consensus-based
discussions. Research articles with different designs were
included, and there were no language restrictions. As mobile
apps started appearing in 2008, this year was set as the starting
point for the search. Eligibility criteria are presented in Table
1.

Table 1. Study eligibility.

Exclusion criteriaInclusion criteria

Health care professionals or students from education, engineer-
ing, or other nonhealth sciences

Health care and allied health care students at the undergraduate
and postgraduate levels

Population

Studies relating to learner management systems, e-learning
platforms, open online courses, or distance education

Studies of usability testing or methods of usability evaluation of
mobile learning apps where the purpose relates to the develop-
ment of the apps

Concept

Noneducational settings not involving clinical placement or
learning situations (eg, hospital or community settings)

Typical educational setting (eg, classroom teaching, clinical
placement, or simulation training), including both synchronous
and asynchronous teaching

Context

Stage 4: Charting the Data (Data Abstraction)
The extracted data included information about the study (eg,
authors, year of publication, title, and country), population (eg,
number of participants), concepts (usability methods, usability
attributes, and usability phase), and context (educational setting).
The final data extraction sheet can be found in Multimedia
Appendix 3 [24-111]. One review author extracted the data from
the included studies using Microsoft Excel software [21], which
was checked by another researcher.

Descriptions of usability attributes have not been standardized,
making categorization challenging. Therefore, a review author
used deductive analysis to interpret the usability attributes
reported in the included studies. This interpretation was based
on a review of usability attributes as defined in previous
literature. These definitions were assessed on the basis of the
results of the included studies. This analysis was reviewed and
discussed by another author. Disagreements were resolved
through a consensus-based discussion.

Stage 5: Summarizing and Reporting the Results
Frequencies and percentages were used to present nominal data,
together with tables and graphical illustrations. For instance, a
figure showing the study selection process, an illustration of
the frequency of inquiry-based usability evaluation and data
collection methods, and an overview of the distribution of
identified usability attributes were provided.

Results

Eligible Studies
Database searches yielded 34,369 records, and 2796 records
were identified using other methods. After removing duplicates,
28,702 records remained. A total of 626 reports were examined
in full text. In all, 88 articles were included in the scoping review
[24-111] (Figure 1). A total of 8 articles comprised results from
several studies in the same article, presented as study A, study
B, or study C in Multimedia Appendix 3. Therefore, a total of
98 studies were reported in the 88 articles included.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study selection process.

The included studies comprised a total sample population of
7790, with participant numbers ranging from 5 to 736
participants per study. Most of the studies included medical
students (34/88, 39%) or nursing students (25/88, 28%). Other
participants included students from the following disciplines:
pharmacy (9/88, 10%), dentistry (5/88, 6%), physiotherapy
(5/88, 6%), health sciences (3/88, 3%), and psychology (2/88,

2%). Further information is provided in Multimedia Appendix
3. There were 22 publishing countries, with most studies being
from the United States (22/88, 25%), Spain (9/88, 10%), the
United Kingdom (8/88, 9%), Canada (7/88, 8%), and Brazil
(7/88, 8%), with an increasing number of publications from
2014. Table 2 provides an overview and characteristics of the
included articles.
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Table 2. Characteristics of included articles.

Usability attributesResearch design: data collection
method

Population (N)StudyStudy number

Ease of use; learning perfor-
mance; satisfaction; useful-
ness

Mixed methods: questionnaire; task

and knowledge performancea
Nursing (N=69)Aebersold et al [24], 2018, United

States
1

SatisfactionQualitative methods: focus groups;
written qualitative reflections

Resident (N=30)Akl et al [25], 2008, United States2

Ease of use; frequency of use;
satisfaction; usefulness

Posttest 1-group design: question-
naire

Dentist (N=61)Al-Rawi et al [26], 2015, United
States

3

SatisfactionPosttest 1-group design: question-

naireb
Medicine (N=6)Albrecht et al [27], 2013, Germany4

Ease of use; learnability; satis-
faction; usefulness

Posttest 1-group design: question-

naireb
Medicine (N=132)Alencar Neto et al [28], 2020,

Brazil
5

Ease of use; usefulness; user-
friendliness

Mixed methods: questionnaire; inter-
views

Medicine (N=110)Alepis and Virvou [29], 2010,
Greece

6

Context of use; efficiency;
usefulness

Posttest 1-group design: question-

naireb
Pharmacy (N=241)Ameri et al [30], 2020, Iran7

Ease of use; frequency of use;
navigation; satisfaction; sim-
plicity; usefulness

Posttest 1-group design: question-
naire

Nursing (N=41)Balajelini and Ghezeljeh [31],
2018, Iran

8

Ease of use; effectiveness;
learning performance; satisfac-
tion

Randomized controlled trial: ques-
tionnaire; task and knowledge per-
formance

Medicine (N=42)Barnes et al [32], 2015, United
Kingdom

9

Learnability; learning perfor-
mance; satisfaction

Pre-post test, nonrandomized con-

trol group design: questionnaireb
Dentist (N=62)Busanello et al [33], 2015, Brazil10

Learning performance; satis-
faction

Pre-post test, 1-group design: ques-

tionnaireb
Medicine (N=50)Cabero-Almenara and Roig-Vila

[34], 2019, Spain
11

Context of use; ease of use;
learnability; satisfaction; use-
fulness

Think-aloud methods: interviews;
data from app

Nursing (N=5)Choi et al [35], 2015, South Korea12

Ease of use; learning perfor-
mance; satisfaction; useful-
ness

Pre-post test, nonrandomized con-
trol group design: questionnaire

Nursing (N=75)Choi et al [36], 2018, South Korea13

Ease of use; learning perfor-
mance; satisfaction; useful-
ness; user-friendliness

Mixed methods: questionnaireb;
written qualitative reflections

Psychology (N=8)Choo et al [37], 2019, Singapore14

Context of use; ease of use;
frequency of use; usefulness

Posttest 1-group design: question-
naire; data from app

Medicine (N=30)Chreiman et al [38], 2017, United
States

15

Effectiveness; efficiency; sat-
isfaction; usefulness

Posttest 1-group design: question-
naire

Medicine (N=115)Colucci et al [39], 2015, United
States

16

Effectiveness; efficiency;
learnability; navigation; satis-
faction; user-friendliness

Randomized controlled trial: ques-

tionnaireb; data from app

Residents (N=82)Davids et al [40], 2014, South
Africa

17

Ease of use; effectiveness;
learnability; learning perfor-

Pre-post test, nonrandomized con-
trol group design: questionnaire;
observations

Nursing (N=60)Demmans et al [41], 2018, Canada18A

mance; navigation; satisfac-
tion

Ease of use; effectiveness;
learnability; learning perfor-

Pre-post test, nonrandomized con-
trol group design: questionnaire;
observations

Nursing (N=85)Demmans et al [41], 2018, Canada18B

mance; navigation; satisfac-
tion

Ease of use; errors; frequency
of use; learning performance;

Posttest 1-group design: question-
naire; data from app

Pharmacy (N=89)Devraj et al [42], 2021, United
States

19

navigation; operational usabil-
ity; satisfaction; usefulness
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Usability attributesResearch design: data collection
method

Population (N)StudyStudy number

Comprehensibility; ease of
use; usefulness

Posttest 1-group design: question-
naire

Physiotherapy (N=110)Díaz-Fernández et al [43], 2016,
Spain

20

Context of use; learnability;
satisfaction; usefulness

Think-aloud methods: focus groupsParamedic (N=24)Docking et al [44], 2018, United
Kingdom

21

Ease of use; operational usabil-
ity; satisfaction; usefulness;
user-friendliness

Qualitative methods: focus groupsNursing (N=23)Dodson and Baker [45], 2020,
United States

22

Ease of use; efficiency; satis-
faction; usefulness

Posttest nonrandomized control
group design: questionnaire

Medicine (N=10)Duarte Filho et al [46], 2014,
Brazil

23

Ease of use; frequency of use;
satisfaction; usefulness

Posttest 1-group design: question-
naire; data from app

Medicine (N=80)Duggan et al [47], 2020, Canada24

Learning performance; satis-
faction

Randomized controlled trial: ques-

tionnaireb; task and knowledge per-
formance

Physiotherapy (N=49)Fernandez-Lao et al [48], 2016,
Spain

25

Ease of use; frequency of use;
learning performance; useful-
ness

Pre-post test, nonrandomized con-
trol group design: questionnaire

Medicine (N=62)Fralick et al [49], 2017, Canada26

Ease of use; operational usabil-
ity; satisfaction; usefulness

Posttest 1-group design: question-
naire

Nursing (N=8)Ghafari et al [50], 2020, Iran27

Ease of use; effectivenessPosttest 1-group design: question-
naire; task and knowledge perfor-
mance

Medicine (N=18)Goldberg et al [51], 2014, United
States

28

Learning performance; satis-
faction

Randomized controlled trial: ques-
tionnaire; task and knowledge per-
formance

Nursing (N=184)Gutiérrez-Puertas et al [52], 2021,
Spain

29

Ease of use; learning perfor-
mance; navigation; opera-
tional usability; usefulness

Randomized controlled trial: ques-
tionnaire; task and knowledge per-
formance

Nursing (N=33)Herbert et al [53], 2021, United
States

30

Context of use; operational
usability; satisfaction; useful-
ness

Qualitative methods: interviewsNursing (N=16)Hsu et al [54], 2019, Taiwan31

Ease of use; satisfaction, use-
fulness

Posttest 1-group design: question-
naire

Not clear (N=28)Huang et al [55], 2010, Taiwan32

Efficiency; satisfactionQualitative methods: focus groupsOccupational therapy
(N=19)

Hughes and Kearney [56], 2017,
United States

33

Ease of use; learning perfor-
mance; satisfaction; user-
friendliness

Pre-post test, 1-group design: ques-
tionnaire

Health science (N=124)Ismail et al [57], 2018, Malaysia34

Context of use; ease of use;
operational usability

Qualitative methods: focus groupsOccupational therapy,
physiotherapy, and social
education (N=15)

Johnson et al [58], 2021, Norway35

Effectiveness; frequency of
use; learning performance;
satisfaction

Pre-post test, nonrandomized con-
trol group design: questionnaire;
data from app

Nursing (N=92)Kang Suh [59], 2018, South Korea36A

Effectiveness; frequency of
use; learning performance;
satisfaction

Qualitative methods: focus groupsNursing (N=49)Kang Suh [59], 2018, South Korea36B

Learning performance; satis-
faction; usefulness

Posttest nonrandomized control
group design: questionnaire; task
and knowledge performance

Nursing (N=116)Keegan et al [60], 2016, United
States

37

Context of use; ease of use;
effectiveness; usefulness

Posttest 1-group design: question-
naire; task and knowledge perfor-
mance

Dentist (N=93)Kim-Berman et al [61], 2019,
United States
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Usability attributesResearch design: data collection
method

Population (N)StudyStudy number

Ease of use; learning perfor-
mance; satisfaction; useful-
ness

Pre-post test, 1-group design: ques-
tionnaire

Physiotherapy and occu-
pational therapy (N=41)

Kojima et al [62], 2011, Japan39

Ease of use; operational usabil-
ity; satisfaction

Posttest 1-group design: question-
naire

Medicine (N=171)Koulias et al [63], 2012, Australia40

Learning performance; satis-
faction

Pre-post test, 1-group design: ques-
tionnaire

Medicine (N=221)Kow et al [64], 2016, Singapore41

Satisfaction; usefulnessPosttest 1-group design: question-
naire

Medicine (N=30)Kurniawan and Witjaksono [65],
2018, Indonesia

42

Context of use; frequency of
use; satisfaction

Qualitative methods: focus groups;
data from app

Medicine (N=21)Lefroy et al [66], 2017, United
Kingdom

43A

Context of use; frequency of
use; satisfaction

Quantitative methods: data from appMedicine (N=405)Lefroy et al [66], 2017, United
Kingdom

43B

Ease of use; usefulnessPre-post test, nonrandomized con-

trol group design: questionnaireb
Health care (N=70)Li et al [67], 2019, Taiwan44

Cognitive load; ease of use;
learnability; learning perfor-
mance; usefulness

Pre-post test, nonrandomized con-
trol group design: questionnaire

Nursing (N=36)Lin and Lin [68], 2016, Taiwan45

Ease of use; learnability;
learning performance; opera-
tional usability; satisfaction

Randomized controlled trial: ques-
tionnaire; task and knowledge per-
formance

Dentist (N=59)Lone et al [69], 2019, Ireland46

Ease of use; efficiency; learn-
ability; learning performance;
satisfaction

Pre-post test, 1-group design: ques-
tionnaire; data from app

Nursing (N=158)Long et al [70], 2016, United
States

47A

Ease of use; efficiency; learn-
ability; learning performance;
satisfaction

Randomized controlled trial: ques-
tionnaire; data from app

Health science (N=159)Long et al [70], 2016, United
States

47B

Efficiency; learnability; oper-
ational usability; satisfaction

Posttest 1-group design: question-
naire; data from app

Medicine (N=56)Longmuir [71], 2014, United
States

48

Context of use; ease of use;
errors; satisfaction; usefulness

Posttest 1-group design: question-

naireb
Medicine (N=67)López et al [72], 2016, Spain49

Learning performance; satis-
faction; usefulness

Randomized controlled trial: ques-
tionnaire; task and knowledge per-
formance

Physiotherapy (N=110)Lozano-Lozano et al [73], 2020,
Spain

50

Satisfaction; usefulnessPre-post test, 1-group design: ques-
tionnaire; task and knowledge per-
formance

Pharmacy (N=39)Lucas et al [74], 2019, Australia51

Learnability; satisfactionThink-aloud methods: question-

naireb; interviews; task and knowl-
edge performance

Medicine (N=5)Mathew et al [75], 2014, Canada52

Learnability; satisfaction;
usefulness

Posttest 1-group design: question-

naireb
Nursing (N=16)McClure [76], 2019, United States53

Effectiveness; satisfactionPre-post test, 1-group design: ques-
tionnaire; data from app

Medicine (N=20)McDonald et al [77], 2018, Canada54

SatisfactionMixed methods: questionnaire; fo-
cus groups; interviews

Medicine (N=58)McLean et al [78], 2014, Australia55

Learning performance; naviga-
tion; satisfaction; usefulness;
user-friendliness

Pre-post test, 1-group design: ques-
tionnaire

Health science (N=60)McMullan [79], 2018, United
Kingdom

56

Cognitive load; ease of use;
learning performance; satisfac-
tion; usefulness

Pre-post test, 1-group design: ques-
tionnaire; task and knowledge per-
formance

Psychology (N=67)Mendez-Lopez et al [80], 2021,
Spain

57
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Usability attributesResearch design: data collection
method

Population (N)StudyStudy number

Ease of use; learning perfor-
mance; satisfaction; useful-
ness

Pre-post test, 1-group design: ques-
tionnaire; task and knowledge per-
formance

Nursing (N=10)Meruvia-Pastor et al [81], 2016,
Canada

58

Ease of use; usefulnessMixed methods: questionnaire; fo-
cus groups

Nursing (N=121)Mettiäinen [82], 2015, Finland59

Satisfaction; usefulnessPosttest 1-group design: question-
naire

Medicine and nursing
(N=66)

Milner et al [83], 2020, United
States

60

Context of use; ease of use;
satisfaction; usefulness

Posttest 1-group design: question-
naire

Dentist (N=56)Mladenovic et al [84], 2021, Ser-
bia

61

Context of use; ease of use;
navigation; operational usabil-
ity; usefulness

Pre-post test, 1-group design: ques-
tionnaire

Physiotherapy and nurs-
ing (N=19)

Morris and Maynard [85], 2010,
United Kingdom

62

Ease of use; learnability;
learning performance; satisfac-
tion; usefulness

Posttest 1-group design: question-
naire

Pharmacy (N=56)Nabhani et al [86], 2020, United
Kingdom

63A

Ease of use; learnability;
learning performance; satisfac-
tion; usefulness

Posttest 1-group design: question-
naire

Pharmacy (N=152)Nabhani et al [86],

2020, United Kingdom

63B

Ease of use; learnability;
learning performance; satisfac-
tion; usefulness

Posttest 1-group design: task and
knowledge performance

Pharmacy (N=33)Nabhani et al [86],

2020, United Kingdom

63C

Learning performance; satis-
faction; usefulness

Posttest 1-group design: question-
naire

Physiotherapy (N=84)Noguera et al [87], 2013, Spain64A

Learning performance; satis-
faction; usefulness

Randomized controlled trial: ques-
tionnaire

Physiotherapy (N=76)Noguera et al [87], 2013, Spain64B

Ease of use; learning perfor-
mance; operational usability;
satisfaction; simplicity

Randomized controlled trial: ques-

tionnaireb
Medicine, nursing, and
pharmacy (N=89)

O’Connell et al [88], 2016, Ireland65

Frequency of use; learning
performance; satisfaction

Randomized controlled trial: ques-
tionnaire; task and knowledge per-
formance

Medicine (N=110)Oliveira et al [89], 2019, Brazil66

Ease of use; satisfactionPosttest 1-group design: question-
naire

Medicine (N=22)Orjuela et al [90], 2015, Colombia67

Context of use; efficiency;
satisfaction

Mixed methods: questionnaire; inter-
views

Medicine (N=356)Page et al [91], 2016, United
States

68

Ease of use; satisfaction; use-
fulness

Posttest 1-group design: question-

naireb
Medicine and nursing
(N=108)

Paradis et al [92], 2018, Canada69

Ease of use; learnability; satis-
faction; usefulness

Posttest 1-group design: question-

naireb
Medicine (N=20)Pereira et al [93], 2017, Brazil70

Ease of use; operational usabil-
ity; satisfaction

Posttest 1-group design: question-
naire

Nursing (N=60)Pereira et al [94], 2019, Brazil71

Efficiency; errors; learnabili-
ty; learning performance; op-
erational usability; satisfac-
tion

Qualitative methods: observations;
task and knowledge performance

Biomedical informatics
(N=5)

Pinto et al [95], 2008, Brazil72A

Efficiency; errors; learnabili-
ty; learning performance; op-
erational usability; satisfac-
tion

Posttest nonrandomized control
group design: questionnaire

Medicine (N=not clear)Pinto et al [95], 2008, Brazil72B

Learnability; learning perfor-
mance; satisfaction; useful-
ness

Randomized controlled trial: ques-

tionnaireb
Nursing (N=181)Quattromani et al [96], 2018,

United States
73

SatisfactionQualitative methods: focus groupsMedicine (N=18)Robertson and Fowler [97], 2017,
United States

74
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Usability attributesResearch design: data collection
method

Population (N)StudyStudy number

Effectiveness; efficiency; er-
rors; navigation; satisfaction

Think-aloud methods: question-
naire; interviews; task and knowl-
edge performance

Medicine (N=22)Romero et al [98], 2021, Germany75A

Learnability; satisfactionPosttest 1-group design: question-

naireb
Medicine (N=22)Romero et al [98], 2021, Germany75B

Frequency of use; satisfactionPosttest 1-group design: question-
naire

Medicine (N=736)Romero et al [98], 2021, Germany75C

Operational usability; satisfac-
tion; usefulness

Posttest 1-group design: question-
naire

Pharmacy (N=33)Salem et al [99], 2020, Australia76

Learning performance; opera-
tional usability; satisfaction

Posttest 1-group design: question-
naire; task and knowledge perfor-
mance

Nursing (N=77)San Martín-Rodríguezet al [100],
2020, Spain

77

Learnability; satisfactionThink-aloud methods: question-

naireb; interviews; task and knowl-
edge performance

Not clear (N=72)Schnepp and Rogers [101], 2017,
United States

78

Navigation; operational usabil-
ity; satisfaction; user-friendli-
ness

Mixed methods: questionnaire; fo-
cus groups

Medicine and nursing
(N=74)

Smith et al [102], 2016, United
Kingdom

79

Learnability; operational us-
ability; satisfaction

Mixed methods: questionnaireb;
written qualitative responses

Nursing (N=52)Strandell-Laine et al [103], 2019,
Finland

80

Context of use; learnability;
learning performance; satisfac-
tion; usefulness

Mixed methods: questionnaire; fo-
cus groups

Medicine (N=122)Strayer et al [104], 2010, United
States

81

Context of use; learnabilityQualitative methods: focus groups;
written qualitative reflections

A total of 8 different
health care educations
(N=79)

Taylor et al [105], 2010, United
Kingdom

82

Ease of use; learnability; nav-
igation; usefulness

Posttest 1-group design: question-
naire

Pharmacy (N=31)Toh et al [106], 2014, Singapore83

Ease of use; operational usabil-
ity; satisfaction; usefulness

Mixed methods: questionnaire; fo-
cus groups

Medicine (N=57)Tsopra et al [107], 2020, France84

Cognitive load; effectiveness;
satisfaction; usefulness

Mixed methods: questionnaire; inter-
views

Nursing (N=36)Wu [108], 2014, Taiwan85

Ease of use; efficiency; errors;
learnability; memorability;
navigation; satisfaction

Qualitative methods: focus groupsNursing (N=12)Wyatt et al [109], 2012, United
States

86

Comprehensibility; learning
performance; memorability;
navigation; satisfaction; use-
fulness

Posttest 1-group design: question-
naire

Pharmacy (N=123)Yap [110], 2017, Singapore87

UsefulnessMixed methods: questionnaire; fo-
cus groups

Medicine (N=185)Zhang et al [111], 2015, Singapore88

aPerformances measured, comparing paper and app results, quiz results, and exam results.
bReported use of validated questionnaires.

Usability Evaluation Methods
The usability evaluation methods found were either
inquiry-based or based on user testing. The following inquiry
methods were used: 1-group design (46/98, 47%), control group
design (12/98, 12%), randomized controlled trials (12/98, 12%),
mixed methods (12/98, 12%), and qualitative methods (11/98,
11%). Several studies that applied inquiry-based methods used
more than one data collection method, with questionnaires being
used most often (80/98, 82%), followed by task and knowledge

performance testing (17/98, 17%), focus groups (15/98, 15%),
collection of user data from the app (10/98, 10%), interviews
(5/98, 5%), written qualitative reflections (4/98, 4%), and
observations (3/98, 3%). Additional information can be found
in the data extraction sheet (Multimedia Appendix 3). Figure 2
illustrates the frequency of the inquiry-based usability evaluation
methods and data collection methods.

The only user testing methods found were think-aloud methods
(5/98, 5%), and 4 (80%) of these studies applied more than one
data collection method. The data collection methods used
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included interviews (4/98, 4%), questionnaires (3/98, 3%), task
and knowledge performance (3/98, 3%), focus groups (1/98,
1%), and collection of user data from the app (1/98, 1%).

A total of 19 studies used a psychometrically tested usability
questionnaire, including the SUS, Technology Acceptance
Model, Technology Satisfaction Questionnaire, and Technology
Readiness Index. SUS [112] was used in most (9/98, 9%) of
the studies.

Field testing was the most frequent type of usability experiment,
accounting for 72% (71/98) of usability experiments. A total
of 22 (22%) studies performed laboratory testing, and 5 (5%)
studies did not indicate the type of experiment performed.
Multimedia Appendix 3 provides an overview of the type of
experiment conducted in each study. The usability testing of
the mobile apps took place in a classroom setting (41/98, 42%),
in clinical placement (29/98, 30%), during simulation training
(14/98, 14%), other (7/98, 7%), or the setting was not specified
(5/98, 5%).

Figure 2. Inquiry usability evaluation methods and data collection methods.

Usability Attributes
A total of 17 usability attributes have been identified among
the included studies. The most frequently identified attributes
were satisfaction, usefulness, ease of use, learning performance,

and learnability. The least frequent were errors, cognitive load,
comprehensibility, memorability, and simplicity. Table 3
provides an overview of the usability attributes identified in the
included studies.

Table 3. Distribution of usability attributes (n=17) and affiliated reports (N=88).

Reports (references)Distribution, n (%)Usability attribute

[24-28,31-37,39-42,44-48,50,52,54-57,59,60,62-66,69-81,83,84,86-104,107-110]74 (84)Satisfaction

[24,26,28-31,35-39,42-47,49,50,53-55,60-62,65,67,68,72-74,76,79-87,92,93,96,99,104,106-108,110,111]51 (58)Usefulness

[24,26,28,29,31,32,35-38,41-43,45-47,49-51,53,55,57,58,61-63,67-70,72,80-82,84-86,88,90,92-94,106,107,109]45 (51)Ease of use

[24,32-34,36,37,41,42,48,49,52,53,57,59,60,62,64,68-70,73,79-81,86-89,95,96,100,104,110]33 (38)Learning performance

[28,33,35,40,41,44,68-71,75,76,86,93,95,96,98,101,103-106,109]23 (26)Learnability

[42,45,50,53,54,58,63,69,71,85,88,90,94,95,99-101,103,107]19 (22)Operational usability

[30,35,38,44,54,58,61,66,72,84,85,91,104,105]14 (16)Context of use

[31,40-42,53,79,85,98,102,106,109,110]12 (14)Navigation

[30,39,40,46,56,70,71,91,95,98,109]11 (13)Efficiency

[32,39-41,51,59,61,77,98,108]10 (11)Effectiveness

[26,31,38,42,47,49,59,66,89,98]10 (11)Frequency of use

[29,37,40,45,57,79,102]7 (8)User-friendliness

[42,72,95,98,109]5 (6)Errors

[68,80,108]3 (3)Cognitive load

[43,110]2 (2)Comprehensibility

[109,110]2 (2)Memorability

[31,88]2 (2)Simplicity
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Discussion

Principal Findings
This scoping review sought to identify the usability methods
and attributes reported in usability studies of mobile apps for
health care education. A total of 88 articles, with a total of 98
studies reported in these 88 articles, were included in this
review. Our findings indicate a steady increase in publications
from 2014, with studies being published in 22 different
countries. Field testing was used more frequently than laboratory
testing. Furthermore, the usability evaluation methods applied
were either inquiry-based or based on user testing. Most of the
inquiry-based methods were experiments that used
questionnaires as a data collection method, and all of the studies
with user testing methods applied think-aloud methods.
Satisfaction, usefulness, ease of use, learning performance, and
learnability were the most frequently identified usability
attributes.

Comparison With Prior Work

Usability Evaluation Methods
The studies included in this scoping review mainly applied
inquiry-based methods, primarily the collection of self-reported
data through questionnaires. This is congruent with the results
of Weichbroth [10], in which controlled observations and
surveys were the most frequently applied methods. Asking users
to respond to a usability questionnaire may provide relevant
and valuable information. Among the 83 studies that used
questionnaires in our review, only 19 (23%) used a
psychometrically tested usability questionnaire; of these, the
SUS questionnaire [112] was used most frequently. In line with
the review on usability questionnaires [12], we recommend
using a psychometrically tested usability questionnaire to
support the advancement of usability science. As questionnaires
address only certain usability attributes, mainly learnability,
efficiency, and satisfaction [12], it would be helpful to also
include additional methods, such as interviews or mixed
methods, and to incorporate additional open-ended questions
when using questionnaires.

Furthermore, the application of usability evaluation methods
other than inquiry methods, such as user testing methods and
inspection methods [10], could be beneficial and lead to more
objective measures of app usability. Among other things,
subjective data are collected via self-reported questionnaires,
and objective data are collected based on task completion rates
[40]. For example, in one of the included studies, the participants
reported that the usability of the app was satisfactory by
subjective measures, but the participants did not use the app
[75]. Another study reported a lack of coherence between
subjective and objective data; thus, these results indicate the
importance of not relying solely on subjective measures of
usability [40]. Therefore, it is suggested that various usability
evaluation methods, including subjective and objective usability
measures, are used in future usability studies.

Our review found that most of the included studies in health
care education (71/98, 72%) performed field testing, whereas
previous literature suggests that usability experiments in other

fields are more often conducted in a laboratory [1,113]. For
instance, Kumar and Mohite [1] found that 73% of the studies
included in their review of mobile learning apps used laboratory
testing. Mobile apps in health care education have been
developed to support students’ learning, on-campus and during
clinical placement, in various settings and on the move.
Accordingly, it is especially important to test how the apps are
perceived in specific environments [5]; hence, field testing is
required. However, many usability issues can be discovered in
a laboratory. Particularly in the early phases of app development,
testing an app with several participants in a laboratory may
make it more feasible to test and improve the app [8]. Usability
testing in a laboratory can provide rapid feedback on usability
issues, which can then be addressed before testing the app in a
real-world environment. Therefore, it may be beneficial to
conduct small-scale laboratory testing before field testing.

Usability Attributes
Previous systematic reviews of mobile apps in general identified
satisfaction, efficiency, and effectiveness as the most common
usability attributes [5,10]. In this review, efficiency and
effectiveness were explored to a limited extent, whereas
satisfaction, usefulness, and ease of use were the most frequently
identified usability attributes. Our results coincide with those
from a previous review on the usability of mobile learning apps
[1], possibly because satisfaction, usefulness, and ease of use
are usability attributes of particular importance when examining
mobile learning apps.

Learning performance was assessed frequently in the included
studies. For ensuring that apps are valuable in a given learning
context, it is relevant to test additional usability attributes such
as cognitive load [9]. However, few studies included in our
review examined cognitive load [68,80,108]. Mobile apps are
often used in an environment with multiple distractions, which
may contribute to an increased cognitive load [5], affecting the
learning performance. Testing both learning performance and
app users’ cognitive load may improve the understanding of
the app’s usability.

We found that several of the included studies did not use
terminology from usability literature to describe which usability
attributes they were testing. For instance, studies that tested
satisfaction often used words such as “likes and dislikes” and
“recommend use to others” and did not specify that they tested
the usability attribute satisfaction. Specifying which usability
attributes are investigated will be important when performing
a usability study of mobile apps, as this will influence
transparency and enable comparison between different studies.
In addition, evaluating a wider range of usability attributes may
enable researchers to expand their perspective regarding the
app’s usability problems and ensure quicker improvement of
the app. Defining and presenting different usability attributes
in a reporting guideline can assist in deciding on and reporting
relevant usability attributes. As such, a reporting guideline
would be beneficial for researchers planning and conducting
usability studies, a point that is also supported by the systematic
review conducted by Kumar and Mohite [1].
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Future Directions
Combining different usability evaluation methods that
incorporate both subjective and objective usability measures
can add various and important perspectives when developing
apps. In future studies, it would be advantageous to use
psychometrically tested usability questionnaires to support the
advancement of the usability science. In addition, developers
of mobile apps should determine which usability attributes are
relevant before conducting usability studies (eg, by registering
a protocol). Incorporating these perspectives into the
development of a reporting guideline would be beneficial to
future usability studies.

Strengths and Limitations
First, the search strategy was designed in collaboration with a
research librarian and peer reviewed by another research
librarian and included 10 databases and other sources. This
broad search strategy resulted in a high number of references,
which may be associated with a lower level of precision. To
ensure the retrieval of all potentially pertinent articles, two of
the authors independently screened titles and abstracts; studies
deemed eligible by one of the authors were included for full-text
screening.

Second, the full-text evaluation was challenging because the
term usability has multiple meanings that do not always relate

to usability testing. For instance, the term was used when testing
students’ experience of a commercially developed app but not
in connection with the app’s further development. In addition,
many studies did not explicitly state that a mobile app was being
investigated, which also created a challenge when deciding
whether they satisfied the eligibility criteria. Nevertheless,
reading the full-text articles independently by 2 reviewers and
solving disagreements through consensus-based discussions
ensured the inclusion of relevant articles.

Conclusions
This scoping review was performed to provide an overview of
the usability methods used and the attributes identified in
usability studies of mobile apps in health care education.
Experimental designs were commonly used to evaluate usability
and most studies used field testing. Questionnaires were
frequently used for data collection, although few studies used
psychometrically tested questionnaires. Usability attributes
identified most often were satisfaction, usefulness, and ease of
use. The results indicate that combining different usability
evaluation methods, incorporating both subjective and objective
usability measures, and specifying which usability attributes to
test seem advantageous. The results can support the planning
and conduct of future usability studies of the advancement of
learning apps in health care education.
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Abstract

Traditional funding models must change as governments decrease funding and often freeze tuition at a domestic level. As a result,
universities face an increasing need to diversify their business models, including revenue streams. Therefore, interest in raising
significant funds from other sources is stronger than ever, leading to the need for a fundraising approach that is more sophisticated.
Medical educators and health professionals are some of the most trusted members of society, and with this paper, the authors aim
to raise awareness of the critical role they play in helping universities with their global impact and fundraising efforts.

(JMIR Med Educ 2022;8(2):e32597)   doi:10.2196/32597
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Introduction

This is a time of economic, societal, and political challenges in
higher education. Therefore, universities today focus more than
ever on fundraising. To diversify their traditional revenue
streams, universities are increasing their international student
recruitment efforts and are expanding their research boundaries
as global actors and agents of change. Therefore, interest in
fundraising from private sources is stronger than ever, leading
to the need for a fundraising approach that is more sophisticated.
As such, medical educators must become agents of change and
reflect on strategies to ensure the successful implementation of
fundraising programs in academic environments toward
achieving maximum impact. Fundraising is defined as seeking
financial support for a nonprofit organization or cause. However,
in the Greek language, the word philanthropy means “love

[Philos] of humanity [Anthropos].” Because philanthropy fuels
the act of fundraising, fundraising is not only about raising
money through tactics and transactions but also about changing
lives, making an impact, and cultivating long-lasting and
meaningful relationships with donors and the community.

Defining a Fundraising Road Map

The first step on this journey is to develop a fundraising road
map: a plan of action that guides an institute’s fundraising
activities (Figure 1). A road map sets out the fundraising
objectives and the ways the institute will meet them. Fundraising
objectives should align with the institute’s strategic plan and
areas with the most significant impact. A fundraising plan should
also consider donors’ needs by connecting them to benefits that
affect them, such as life-changing clinical research.
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Figure 1. The fundraising road map.

To develop a successful road map, institutions need more than
a vision and a strategic plan. Educators need to thoroughly
understand their budgets, knowing why they need the funds and
how much they need in advance. As such, some basic knowledge
of fundraising is essential to any medical educator venturing
into this field. First, the road map needs to be adapted to the
amount of financial support required to fund a given project
successfully. A sophisticated fundraising program will include
an annual fund or a fundraising event aiming to acquire donors
through a tactical approach typically aimed at raising funds up
to US $25,000. Relationship-oriented major gift fundraising
programs require significant development of authentic
longer-term relationships with donors. These programs aim to
raise gifts of US $25,000 or more, including top-level
“principal” gifts of US $1 million or more, and even
transformational giving that exceeds US $5 million. Donors
may also consider leaving significant planned gifts, whether
during their lifetimes or upon death, as part of an overall
financial and estate plan. Gifts in kind, where goods and services
are given as donations, are another option. Each of these types
of fundraising programs requires a well-established fundraising
strategy.

For example, a researcher approaches you with a crucial need
for incubators for the new Advanced Medical Research Centre.
After careful budget analysis, it appears there are insufficient
funds to acquire this equipment. Estimating that a state-of-the-art
incubator costs roughly US $30,000, you can begin to build a
“major gift” fundraising campaign plan. However, if researchers
require multiple incubators, you may need to target “principal”
level donations depending on the amount. The key here is to
clarify and confirm the exact funding requirement and align it
to the giving capacity of your potential donors.

Developing a Fundraising Strategy

Your strategy defines who you will approach and in what way.
This can be achieved by conducting a funding gap analysis to
determine the amount needed to fund your project’s ongoing
operations or future development and to match interested donors
to suitable initiatives. Most donations come from three types
of donors: corporations (eg, corporate matching gift programs
and volunteer grants), foundations (eg, grants from
nongovernmental organizations), and individuals. Each of these
donor types can be approached through any of the five main
types of fundraising: in-person, direct mail, events, phone (SMS
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text messaging), and digital [1]. Recent studies have shown
social media also plays an important role in fundraising, mostly
in crowdfunding campaigns [2,3]. However, for major gift
fundraising, personal, one-on-one solicitation remains the most
successful means of gift solicitation.

The development of a well-researched fundraising strategy is
essential to the success of one’s efforts, and fund raisers must
decide on donors and approaches carefully based on their needs
and environment.

The Role of Medical Educators in
Fundraising

Medical educators can become an essential part of the
fundraising team because they provide a unique perspective
from within the faculty. As expert witnesses to a fundraising
strategy, they can elaborate on the faculty’s vision and goals,
provide details of programs, explain the impact of medical
research, and often have the most significant working
relationships with potential donors (this is key to prospect
identification). Participating in fundraising expands upon their
existing role of expert witnesses for their work or research
funding [4].

Medical educators can play three roles in fundraising [5], which
are as follows: (1) networker—by networking with patients,
clinicians, researchers, and other educators, they can serve as
a connection between the fundraising team and the groups
mentioned above, as well as open doors within the medical
community; (2) knowledge broker—as knowledge brokers,
medical educators can serve as the fundraising team’s academic
lead and can provide access to knowledge about the faculty’s
strategic priorities, research innovations, and medical advances.
In this way, they can assist the fundraising team in establishing
links between donor interests and the strategic preferences of
the institute; and (3) stewardship officer—in the capacity of
stewardship officers, medical educators can meet with donors
and alumni to update them on the latest institutional
achievements and answer their questions.

Meeting a Donor for the First Time

The first encounter with a donor is significant. A few essential
tips on a successful first meeting include engaging the prospect
and listening more than talking about them. The process should
focus on donors instead of the individuals doing the fundraising.
Make a note of how many times you use the word “I” versus

“you.” The conversation should always be “you” dominant.
During your encounters, always be enthusiastic, authentic, and
passionate. Discuss your strengths, and bring along colleagues
who might be able to help in areas of uncertainty. Always take
notes (with permission) and end meetings by establishing the
next steps. Typically, it takes 12-18 months to develop
meaningful relationships that result in asking prospective donors
to give, and within that period, 8-10 significant “moves” or
actions, including in-person meetings, can occur. When ready
to ask for a donation, ask for a specific amount and keep your
sights high. The amount asked should be based on both the
donor’s wealth and the value of the project. Praise other peoples’
commitments to your program without breaching any
confidentiality.

Stewardship Strategy

Lastly, develop a customized stewardship strategy for the donor,
which means having a systematic approach to cultivate and
improve your relationships with donors. The four stewardship
strategies are reciprocity (must demonstrate gratitude),
responsibility (must act in a socially responsible manner),
reporting (need to keep its public informed), and relationship
nurturing (should make sure donors receive thank you letters
and annual reports and are invited to special events). As the
relationship strengthens, fundraisers may also send handwritten
cards for special occasions [6].

Ethical Practice in Fundraising

A critical point for any medical educator venturing into
fundraising is always to follow strict ethical rules regarding
interaction with patients and learners. Unwarranted pressure on
patients or learners to contribute should be avoided, and patient
or learner confidentiality and trust should always be a priority.
The main recommendation is for institutions to have a
fundraising committee made of educators, physicians, and
fundraisers to mitigate these risks and for fundraisers to follow
ethical guidelines established by their organization [7].

In conclusion, in this modern age, having medical educators
collaborate closely with fundraising teams is essential. Educators
serve as the link between the donor, the fundraiser, and the
life-changing medical advances toward which we work. As
academic leaders and subject matter experts, medical educators
bring imperative knowledge and connections vital to any
fundraising campaign’s success.
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Abstract

Background: Females make up more than half of medical school matriculants but only one-third of emergency medicine (EM)
residents. Various factors may contribute to why fewer females choose the field of EM, such as the existing presence of females
in the specialty.

Objective: This study is a follow-up to previous work, and a survey is used to assess current residents’ attitudes and perceptions
on various factors, including those relating to sex and gender on creating rank lists as medical students and in perceived effects
on residency education.

Methods: A web-based survey consisting of Likert scale questions regarding a variety of factors influencing a student’s decision
to create a rank list and in perceived effects on residency education was sent to current EM residents in 2020.

Results: Residents from 17 programs participated in the survey with an 18.2% (138/758) response rate. The most important
factors in creating a rank list were the personality of residents in the program, location, and facility type. For factors specifically
related to gender, respondents who answered affirmatively to whether the gender composition of residents affected the selection
of a program in making a rank list were more likely to also answer affirmatively to subsequent questions related to the gender of
program leadership (P<.001) and gender composition of attending physicians (P<.001). The personality of residents was also the
most important factor perceived to affect residency education. For factors influencing rank list and residency education, female
respondents placed higher importance on subcategories related to gender (ie, gender composition of the residents, of the program
leadership, and of the attending physicians) to a significant degree compared with their male counterparts.

Conclusions: Although factors such as location and resident personality show the most importance in influencing residency
selection, when stratifying based on respondent sex, females tend to indicate that factors relating to gender have more influence
on rank list and residency education compared with males.

(JMIR Med Educ 2022;8(2):e33592)   doi:10.2196/33592

KEYWORDS

residency; sex; gender; graduate medical education; emergency medicine; residents; program leadership; rank list

Introduction

Background
Although females now make up more than half of medical
school graduates, they compose only approximately one-third
of emergency medicine (EM) residents [1,2]. It is unclear why

fewer females choose to pursue EM than males. A possibility
is the lack of availability of female mentorship among EM
faculty. Although one could assume that female students may
be more likely to attend an EM program with a higher proportion
of female faculty, a study found that there was no correlation
between the presence of women in leadership roles and the
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percentage of female residents in a program [1]. Still, women
are the minority in academic medicine, with only 9.3% of the
chair and 25.9% of the program director (PD) positions being
held by women [1]. The presence of other female core faculty
may have more influence on an applicant’s decision to choose
a program. Furthermore, using resident gender distribution may
not be the best surrogate for determining whether faculty gender
plays a role in an applicant’s ranking decision because applicants
consider many factors in their decisions and may not match
with their top-choice program [2].

Objectives
The aim of this study is to determine whether residents feel that
gender distribution is an important factor when choosing a
residency program. This study is a follow-up to previous work
examining sex ratios across EM programs of entering years
from 2014 to 2017 (Gibney et al, unpublished data, 2021). The
authors approached a cross-section of the programs identified
in the previous study with varied sex diversity and asked their
residents to complete a survey on factors that were important
in residency selection and residency education to determine
what sex or gender factors were perceived as important and if
any factors showed differences in importance between males
and females.

Throughout this paper we use the terms male and female to
discuss topics relating to sex because of the limitations of the
previous study upon which this work is based, which relied on
publicly available data to calculate male-female ratios. Gender,
on the other hand, refers to the social construct of masculinity
or femininity, or man, woman, and nonbinary. In the survey we
created and discuss in this paper, respondents were given the
opportunity to self-identify their gender as nonbinary.

Methods

Recruitment and Survey
The University of California, Irvine Institutional Review Board
registered this study and survey as exempt, given that it was an
anonymous survey with minimal risk. We designed a survey
using SurveyMonkey software (Momentive). The questionnaire
was not externally validated; however, it was created by several
educators in EM and trialed by 5 colleagues to ensure clarity
and understanding. The survey questions which were sent to
participants can be found in Multimedia Appendix 1. The survey
was sent to programs willing to participate further in the study,
with a target population of current EM residents at Accreditation
Council for Graduate Medical Education–accredited US
residency programs in October-November 2019 to serve as a
representative pool of residents across the country. Voluntary
response sampling was used in that the survey and study
information sheet were sent to the program coordinator or PD
who then forwarded the survey to their residents. A chance to
win a US $100 Amazon gift card was offered as an incentive,
and the survey was anonymous with an option to supply an
email address at the end to enter the draw.

The survey was distributed electronically through an emailed
link. The link was not publicly available or advertised. Contact
with participants as a group, not individuals, was through the

program coordinator or PD through email. Survey data were
captured automatically when participants submitted their
answers. The survey was voluntary, and participants could
choose to stop answering at any time. The time frame for the
survey was 30 days. Items were not randomized. Adaptive
questioning was used to display the Likert scale only if a
participant responded Yes to a question about whether a factor
was important to them. The survey consisted of 2 pages. The
first page contained 47 demographic data and yes or no
questions that displayed Likert scales for questions that were
answered yes. The second page had 13 questions with Likert
responses if answered yes. A completeness check was performed
by making the questions mandatory. Respondents were not able
to change their responses with a Back or Review step. View,
participation, and completion rates were not tracked. Cookies
were used by the SurveyMonkey site to assign unique
respondent IDs, and there were no duplicate entries. The IP
address was not used to identify duplicates. Participants did not
need to register or create a survey log-in. Incomplete
questionnaires could be submitted. Atypical timestamp was not
used to exclude data. Items were not weighted, nor were
propensity scores used. The survey methods comply with
CHERRIES (Checklist for Reporting Results of Internet
E-Surveys) [3]. The programs that participated in the survey
included a broad spectrum of sex distributions ranging from
highly male-dominated to highly female-dominated ratios (one
>3:1, three 2-3:1, ten 1-2:1, one 1:1, two <1:1, male:female).

Statistical Analysis
Categorical variables are presented as relative frequencies and
continuous variables as mean (SD). We compared the
association of categorical variables using a chi-square test. We
compared the distribution of continuous variables among study
groups by using the Mann–Whitney U test because they were
not normalized. P<.05 was considered statistically significant.
We used SPSS software (version 26.0; IBM Corp) for data
analysis.

Results

Survey Demographics
Of the 171 EM residency programs included in our study, 17
(9.9%) agreed to participate in the follow-up survey on residency
selection and education. Surveys were sent to the 758 residents,
and 138 (18.2% response rate) responded. These respondents
represented 17 programs across 10 states (California, Delaware,
Florida, Iowa, Louisiana, Michigan, New Jersey, New York,
North Carolina, and Texas) and the District of Columbia. The
median age of the respondents was 28 (IQR 4) years. Of the
138 respondents, 56 (40.6%) were male, 81 (58.7%) were
female, and 1 (0.7%) was nonbinary. The authors recognize the
use of male or female terminology in the survey question
self-identifying gender as a limitation of the study, and this is
further addressed in the Discussion section.

Decision Factors in Determining Rank Lists
All residency selection factors and the rate at which respondents
marked them as important are shown in Figure 1. The
respondents noted the following as the most important factors

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e33592 | p.56https://mededu.jmir.org/2022/2/e33592
(page number not for citation purposes)

Gibney et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


when making their rank lists as fourth-year medical students:
location (134/138, 97.1%), experience at the program (eg,
interview day and externship; 133/138, 96.4%), personality of
the residents in the program (133/138, 96.4%), reputation of
the program (128/138, 92.7%), facility type (county vs academic
vs private; 117/138, 84.8%), reputation or personality of faculty
and attendings (116/138, 84.1%), variety of educational
experiences (115/138, 83.3%), patient demographics (105/138,
76.1%), length of the program (98/138, 71%), annual patient
visits (95/138, 68.8%), and schedule (shift length and numbers;
95/138, 68.8%).

After selecting the factors they used in determining their rank
list, the respondents were asked to score on a Likert scale how
important each of these factors was, with 1 being not very
important and 4 being very important. Averages of the scored
scales are reported in Figure 1. The single most important factor
was the personality of residents in the program with a Likert
scale average of 3.61 (SD 0.7). Other important factors included
location (average 3.45, SD 0.8), facility type (average 3.41, SD
0.7), experience at program (average 3.36, SD 0.8), and patient
demographics (average 3.34, SD 0.7).

Figure 1. Decision factors in determining rank lists and average importance of rank list factors.

Decision Factors Relating to Gender and Sex
Composition in Determining Rank Lists
Regarding the factors relating to gender makeup in the residency
program and how they affected the rank list, the distribution of
positive answers was as follows: gender composition of
residents: 39.9% (55/138), 95% CI 31.6%-48.5%; gender
composition of attending physicians: 30.4% (42/138), 95% CI
22.9%-38.8%; and gender of PD and assistant PDs (APDs):
23.9% (33/138), 95% CI 17.1%-31.1% (Figure 1). Gender
composition of residents was more important than gender
composition of PDs (P=.004), but the difference between the
other categories listed was not statistically significant.

The survey evaluated whether the sex composition of residents,
faculty, and leadership would affect residency selection if it

was male or female predominant. Regarding the factors that
would affect their selection of residency, of the 138 respondents,
64 (46.4%) indicated a program with only, or predominantly,
male residents; 57 (41.3%) indicated a program with only, or
predominantly, male faculty; and 56 (40.6%) indicated a
program with only male leadership (PD or APDs). Of these
respondents, 83% (53/64), 84% (48/57), and 89% (50/56),
respectively, indicated at least a moderate effect on their
selection of that program (Table 1).

In a subgroup analysis, respondents who answered affirmatively
to whether the sex composition of residents affected selection
of a program in making a rank list were more likely to also
answer affirmatively to subsequent questions related to the sex
of the PD and APDs (P<.001) and the sex composition of
attending physicians (P<.001).
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Table 1. Effect of male predominance among residents, faculty, and program leadership on rank list decisions.

Values, n (%)

Would a program that has only or predominantly male residents affect your selection of residency? How much would it affect your selection
of residency? (n=60)

29 (48)Major effect

24 (40)Moderate effect

7 (12)Mild effect

Would a program that has only or predominantly male faculty affect your selection of residency? How much would it affect your selection
of residency? (n=56)

19 (34)Major effect

29 (52)Moderate effect

8 (14)Mild effect

Would a program that has only or predominantly male residency leadership (program director and assistant or associate program director)
affect your selection of residency? How much would it affect your selection of residency? (n=54)

24 (44)Major effect

26 (48)Moderate effect

4 (7)Mild effect

Perceived Factors That Affect Residency Education
Next, we examined the factors that were perceived to affect
residency education. Less than half of the respondents said that
compensation was a factor that affected their residency
education. The three factors that were indicated to have the least
influence on residency education were gender of the PD and
APDs, compensation, and ability to participate in aeromedical
transport. The total number of respondents in this question set
varies because of an incomplete data set used in analysis. The
three most important factors were variety of education

experiences (129/137, 94.2%), personality of residents in the
program (129/138, 93.5%), and patient demographics (128/137,
93.4%; Figure 2). Respondents were again asked to score on a
Likert scale how important their selected factors were, with 1
being not very important and 4 being very important. Scored
averages are shown in Figure 2. Personality of residents in the
program showed the highest average score when ranked on a
4-point Likert scale (average 3.58, SD 0.8; Figure 2). Other
important factors included variety of educational experiences
(average 3.41, SD 0.7), facility type (average 3.4, SD 0.6), and
patient demographics (average 3.4, SD 0.8; Figure 2).

Figure 2. Factors perceived to affect residency education and their average importance.

Perceived Factors Relating to Gender and Sex That
Affect Residency Education
The results of factors perceived as affecting residency education
followed an identical pattern to those affecting residency

selection. Gender composition of residents was more important
than that of attendings, which in turn was more important than
gender of the PD and APDs in having a perceived effect on
one’s residency education.
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In the final set of questions, respondents were asked to select
from >50%, >60%, >70%, >80%, and >90% to describe at what
percentage they considered the faculty to be male or female
predominant. The median at which a faculty was male
predominant was >70%, whereas female predominant was
indicated at only >60%. With respect to male- or
female-predominant resident groups, the median was >60% for
both. In establishing the point at which respondents felt that a
faculty or residency was either male or female predominant,
respondents showed a broader IQR in response to what
percentage they considered to be female dominant. Respondents
seemed to have a lower threshold for considering faculty or
residency to be female predominant, with the IQR spanning
from the minimum of >50% to >70%, whereas IQRs regarding
male predominance were narrower, extending from >60% to
>70%.

Factors Related to Residency Selection and Education
Stratified by Respondent Sex
There were differences in responses to certain categories based
on respondent sex. A chi-square analysis was performed with
α of .05. Factors affecting residency selection and rank lists

stratified by sex are presented in Table 2. Statistically significant
differences were found in females placing more importance
than males on the following factors: experience at the program

on interview day (χ2
1=7.5; P=.006; n=137), patient

demographics (χ2
1=5.0; P=.03; n=137), gender composition of

residents (χ2
1=13.8; P<.001; n=137), gender of PD and APDs

(χ2
1=9.3; P=.002; n=137), gender of attending physicians

(χ2
1=13.7; P<.001; n=137), and ethnic diversity of fellow

residents (χ2
1=4.3; P=.04; n=137; Table 2).

With respect to the perceived factors that affect residency
education, females placed more importance than males on the

following factors: gender of PD and APDs (χ2
1=11.6; P=.001;

n=136), gender composition of attending physicians (χ2
1=6.1;

P=.01; n=136), and ethnic diversity of PD and APDs (χ2
1=6.9;

P=.008; n=136; Table 3). In both categories of factors affecting
rank lists and factors affecting residency education, females
placed higher importance on subcategories specifically related
to gender (ie, gender composition of residents, gender of PD
and APDs, and gender composition of attending physicians).
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Table 2. Pearson chi-square tests comparing distribution of responses between male and female respondents for factors relating to selection of residency
programs. The chi-square statistic is significant at P=.05 level (N=137).

Significance
(P value)

Chi-square (df)Respondent sex, n (%)Factors relating to selection of residency programs and
response

Total (N=137)Male (n=56)Female (n=81)

Location

—a0.4 (1)4 (2.9)1 (1.8)3 (3.7)No

.51b—133 (97.1)55 (98.2)78 (96.3)Yes

Reputation of the program

—0.4 (1)10 (7.3)5 (8.9)5 (6.2)No

.54b—127 (92.7)51 (91.1)76 (93.8)Yes

Length of the program

—2.3 (1)39 (28.5)12 (21.4)27 (33.3)No.

.13—98 (71.5)44 (78.6)54 (66.7)Yes

Compensation (salary, benefits, and stipends)

—0.4 (1)92 (67.2)36 (64.3)56 (69.1)No

.55—45 (32.8)20 (35.7)25 (30.9)Yes

Personality of the residents in the program

—1.7 (1)6 (4.4)4 (7.1)2 (2.5)No

.19b—131 (95.6)52 (92.9)79 (97.5)Yes

Experience at program (interview day, externship, etc)

—7.5 (1)5 (3.6)5 (8.9)0 (0)No

.006b—132 (96.4)51 (91.1)81 (100)Yes

Fellowship opportunities available at institution

—0.5 (1)94 (68.6)39 (69.6)55 (67.9)No

.83—43 (31.4)17 (30.4)26 (32.1)Yes

Patient demographics

—5.0 (1)33 (24.1)19 (33.9)14 (17.3)No

.03—104 (75.9)37 (66.1)67 (82.7)Yes

Variety of educational experiences

—2.1 (1)24 (17.5)13 (23.2)11 (13.6)No

.15—113 (82.5)43 (76.8)70 (86.4)Yes

Gender composition of residents

—13.8 (1)82 (59.9)44 (78.6)38 (46.9)No

<.001—55 (40.1)12 (21.4)43 (53.1)Yes

Gender of program director and assistant program directors

—9.3 (1)104 (75.9)50 (89.3)54 (66.7)No

.002—33 (24.1)6 (10.7)27 (33.3)Yes

Schedule (shift length and numbers)

—0.8 (1)43 (31.4)20 (35.7)23 (28.4)No

.36—94 (68.6)36 (64.3)58 (71.6)Yes

Gender composition of attending physicians

—13.7 (1)96 (70.1)49 (87.5)47 (58)No

<.001—41 (29.9)7 (12.5)34 (42)Yes
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Significance
(P value)

Chi-square (df)Respondent sex, n (%)Factors relating to selection of residency programs and
response

Total (N=137)Male (n=56)Female (n=81)

Annual patient visits (emergency department volume)

—0.2 (1)42 (30.7)16 (28.6)26 (32.1)No

.66—95 (69.3)40 (71.4)55 (67.9)Yes

Cost of living

—1.4 (1)72 (52.6)26 (46.4)46 (56.8)No

.23—65 (47.4)30 (53.6)35 (43.2)Yes

Facility type (county vs academic vs private)

—0.6 (1)21 (15.3)7 (12.5)14 (17.3)No

.45—116 (84.7)49 (87.5)67 (82.7)Yes

Ethnic diversity of fellow residents

—4.3 (1)81 (59.1)39 (69.6)42 (51.9)No

.04—56 (40.9)17 (30.4)39 (48.1)Yes

Ethnic diversity of faculty and attendings

—2.1 (1)88 (64.2)40 (71.4)48 (59.3)No

.14—49 (35.8)16 (28.6)33 (40.7)Yes

Ethnic diversity of program director and assistant program directors

—1.9 (1)99 (72.3)44 (78.6)55 (67.9)No

.17—38 (27.7)12 (21.4)26 (32.1)Yes

Ability to participate in aeromedical transport (helicopter experience)

—0.8 (1)117 (85.4)46 (82.1)71 (87.7)No

.37—20 (14.6)10 (17.9)10 (12.3)Yes

Reputation or personality of faculty and attendings

—1.4 (1)21 (15.3)11 (19.6)10 (12.3)No

.24—116 (84.7)45 (80.4)71 (87.7)Yes

aNot available.
bMore than 20% of the cells in this subtable have expected cell counts <5. Chi-square results may be invalid.
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Table 3. Pearson chi-square tests comparing distribution of responses between male and female respondents for factors relating to education in residency
programs. The chi-square statistic is significant at P=.05 level (N=136-137).

Significance
(P value)

Chi-square (df)Respondent sex, n (%)Factors relating to education in residency programs and
response

Total (N=136-
137)

Male (n=56)Female (n=81)

Location

—a0.2 (1)14 (10.2)5 (8.9)9 (11.1)No

.68—123 (89.8)51 (91.1)72 (88.9)Yes

Reputation of the program

—3.3 (1)42 (30.7)22 (39.3)20 (24.7)No

.07—95 (69.3)34 (60.7)61 (75.3)Yes

Length of the program

—2.0 (1)33 (24.1)10 (17.9)23 (28.4)No

.16—104 (75.9)46 (82.1)58 (71.6)Yes

Compensation (salary, benefits, and stipends)

—0.3 (1)82 (59.9)34 (60.7)48 (59.3)No

.86—55 (40.1)22 (39.3)33 (40.7)Yes

Personality of the residents in the program

—0.9 (1)9 (6.6)5 (8.9)4 (4.9)No

.35b—128 (93.4)51 (91.1)77 (95.1)Yes

Experience at program (interview day, externship, etc)c

—1.0 (1)66 (48.5)30 (53.6)36 (45)No

.33—70 (51.5)26 (46.4)44 (55)Yes

Fellowship opportunities available at institutionc

—0.0 (1)53 (39)22 (39.3)31 (38.8)No

.95—83 (61)34 (60.7)49 (61.3)Yes

Patient demographicsc

—0.0 (1)9 (6.6)4 (7.1)5 (6.3)No

.84b—127 (93.4)52 (92.9)75 (93.8)Yes

Variety of educational experiencesc

—0.8 (1)7 (5.1)4 (7.1)3 (3.8)No

.38b—129 (94.9)52 (92.9)77 (96.3)Yes

Gender composition of residentsc

—3.7 (1)62 (45.6)31 (55.4)31 (38.8)No

.06—74 (54.4)25 (44.6)49 (61.3)Yes

Gender of program director and assistant program directorsc

—11.6 (1)76 (55.9)41 (73.2)35 (43.8)No

.001—60 (44.1)15 (26.8)45 (56.3)Yes

Schedule (shift length and numbers)c

—1.8 (1)18 (13.2)10 (17.9)8 (10)No

.18—118 (86.8)46 (82.1)72 (90)Yes

Gender composition of attending physiciansc
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Significance
(P value)

Chi-square (df)Respondent sex, n (%)Factors relating to education in residency programs and
response

Total (N=136-
137)

Male (n=56)Female (n=81)

—6.1 (1)63 (46.3)33 (58.9)30 (37.5)No

.01—73 (53.7)23 (41.1)50 (62.5)Yes

Annual patient visits (emergency department volume)c

—0.2 (1)15 (11)7 (12.5)8 (10)No

.65—121 (89)49 (87.5)72 (90)Yes

Cost of livingc

—1.2 (1)66 (48.5)24 (42.9)42 (52.5)No

.27—70 (51.5)32 (57.1)38 (47.5)Yes

Facility type (county vs academic vs private)c

—2.0 (1)10 (7.4)2 (3.6)8 (10)No

.16b—126 (92.6)54 (96.4)72 (90)Yes

Ethnic diversity of fellow residentsc

—3.1 (1)63 (46.3)31 (55.4)32 (40)No

.08—73 (53.7)25 (44.6)48 (60)Yes

Ethnic diversity of faculty and attendingsc

—2.1 (1)58 (42.6)28 (50)30 (37.5)No

.15—78 (57.4)28 (50)50 (62.5)Yes

Ethnic diversity of program director and assistant program directorsc

—6.9 (1)74 (54.4)38 (67.9)36 (45)No

.008—62 (45.6)18 (32.1)44 (55)Yes

Ability to participate in aeromedical transport (helicopter experience)c

—0.2 (1)98 (72.1)40 (71.4)58 (72.5)No

.90—38 (27.9)16 (28.6)22 (27.5)Yes

Reputation or personality of faculty and attendingsc

—0.3 (1)24 (17.6)11 (19.6)13 (16.3)No

.61—112 (82.4)45 (80.4)67 (83.8)Yes

aNot available.
bMore than 20% of the cells in this subtable have expected cell counts <5. Chi-square results may be invalid.
cSample size changes from 137 to 136 because of incomplete data set used in analysis.

Discussion

Principal Findings
We hypothesized that program leadership may influence a
student’s rank list in a way that tends to favor the propagation
of a similar sex distribution among residents. Although medical
school matriculation rates are nearly equal between male and
female students, the percentage of females represented in
academic medicine remains disparate [4]. Within EM, the
Association of American Medical Colleges reports that as of
2015, women made up only 33% of the EM faculty, with only
17% representation seen among full professors [4]. Potential

reasons that account for the disparity include a lack of mentors,
greater work–life balance prioritization, and gender
discrimination and bias [5]. Our findings on gender diversity
within EM residency leadership was consistent with previous
data showing 76% of the programs with male directors [6];
however, direct influence of the PD and faculty gender had not
previously been evaluated.

To avoid bias regarding the topic of the survey, we included
numerous aspects unrelated to gender in the questionnaire to
allow survey respondents to appropriately consider all relevant
aspects of selection and education. Many of the topics were
similar to those found in the National Resident Matching
Program (NRMP) Applicant Survey, and the factors that were
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considered most important were similar to those found in the
2019 NRMP Applicant Survey results for EM [7].

As a cohort, our survey results suggest that faculty and residency
leadership gender makeup have minimal effect on residency
selection. However, when stratified by respondent sex, our study
found that female respondents viewed gender distribution of
PD and APDs and attendings as influencing their residency
selection and education more than their male counterparts. In
programs with lower male–female ratios in leadership, incoming
female residents may rank these institutions higher for the
potential for female mentorship. A previous study on sex
distribution in radiology residencies showed that programs with
a female PD had a higher concentration of female residents [8],
and a similar study in EM showed no difference [1]. However,
in our study, these factors do not seem as important as others.

The relatively short time a medical student spends at a given
program during a rotation or interview necessitates that the
student must make inferences about how their own experience
will be if matched into that program. The concept of
homophily—the tendency to favor those like oneself—can
potentially explain this trend. In the 8 programs with a higher
percentage of female residents than male residents, program
leadership also reflected a low male-female ratio, and all these
programs had at least one female represented in leadership. In
addition, residents who seek to perform research and achieve
publication throughout their training may also place high value
on such opportunities when determining rank lists. Although
homophily has been described as being more commonly
observed among females, the phenomenon has been observed
in the publication realm and shown to be stronger in male journal
editors [9]. Within EM publications, only 26% of the first
authorships are female [10]. A study in 2011 reported that only
15.9% of the editors-in-chief and 17.5% of the editorial board
members of 60 top-ranking journals were female [11]. Thus, if
seeking research opportunities during residency, incoming
female trainees may gravitate toward programs that visibly
promote advancement and career development that is more
favorable toward females than toward programs with
predominantly or exclusively male leadership.

Sex distributions among current residents seem to play a role
in creating a rank list. In residency programs that are
predominantly male, incoming female residents may perceive
a lack of fit in these programs because they do not see as many
female colleagues. Our study shows that the primary gender
makeup affecting applicants’ ranking of programs was that of
the residents. Female respondents indicated that the gender
composition of residents influenced their rank list and education
more than their male counterparts. Incoming female residents
may view programs with a higher female presence more
favorably because they can see themselves being successful.
The same can be said for male residents as well. However,
because EM as a specialty is predominantly male, females may
be influenced to rank programs with a greater percentage of
female residents higher because they see other females being
successful as a resident at that institution. As Bandura [12]
describes in his concept of self-efficacy, observing people
similar to oneself be successful increases one’s belief in
achieving the same success. Therefore, in the recruitment of

residents, programs should examine their own sex and gender
makeup to determine ways to address cognitive biases that may
result from a skewed distribution.

Limitations
Limitations to our study include having a low survey response
rate (138/758, 18.2%) and low overall sample size; however,
our sample was well distributed in terms of geographic location
and age of respondents. Furthermore, for the non–gender-related
items, the results are similar to the 2019 NRMP Applicant
Survey results, suggesting that there may not be significant bias
from the response rate. In addition, there is a factor of
retrospective recall in that the residents were surveyed after
matriculation, rather than at the time of ranking decisions. There
is also response bias with having more females than males take
the survey; therefore, the factors identified in our study may
represent elements more important to females than to males.
There is also the uncontrollable wildcard inherent in the NRMP.
Programs may rank incoming residents with a nearly even
male-female split, but, depending on algorithms and student
choice, the sex ratios expected may not match the outcome.
However, it is still important to recognize the possibility for
existing sex distributions among residents and program
leadership to influence a fourth-year medical student’s decision
to rank that program.

Another limitation of our study is the use of male and female
as response options in self-identifying gender in our survey.
Future work would benefit from clear distinctions in
demographic data with separate questions for respondent sex
(eg, male or female) and gender (eg, man, woman, and
nonbinary) to capture characteristics of respondents more
accurately.

Comparison With Prior Work
More recently, Mannix et al [13] examined sex distribution
among chief residents in EM. The group found that females
have increased representation among chief residents compared
with their overall proportion among EM residents, with females
and males having a similar presence in the chief positions. Our
study did not examine the perceptions of having female
representation among chief residents, although Mannix et al
[13] also suggest that increased numbers of female chief
residents will help bridge the sex gap in academic medicine and
program leadership observed currently. Our data similarly show
that current female residents place higher value on female
leadership among PDs and APDs than male residents.

DeSantis and Marco [14] previously reported that friendliness,
environment, and interview day experience were the top 3
factors that were important to residents in selecting their
program. Our study echoed similar results, with aspects such
as location, experience at the program, and personality of the
residents having a significant influence on a resident’s choice
and education. As Laskey and Cydulka [15] reported in a 2009
study, female residents valued opportunities to serve specific
populations as more important than their male counterparts, and
in our study, we also found a similar trend with regard to patient
demographics as being an influencing factor in rank list and
residency education.
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Conclusions
Follow-up surveys to quantify the importance of sex and gender
in residency selection showed that other factors such as location,
interview day experience, personality of residents, and
educational experiences were rated as much more important

than gender differences within a program. In stratifying results
based on male and female respondents, female respondents
tended to indicate that factors relating to gender had more
influence on their decisions in creating a rank list and
perceptions of residency education more often than male
respondents.
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Abstract

Background: Web-based continuing professional development (CPD) is a convenient and low-cost way for physicians to update
their knowledge. However, little is known about the factors that influence their intention to put this new knowledge into practice.

Objective: We aimed to identify sociocognitive factors associated with physicians’ intention to adopt new behaviors as well
as indications of Bloom’s learning levels following their participation in 5 web-based CPD courses.

Methods: We performed a cross-sectional study of specialist physicians who had completed 1 of 5 web-based CPD courses
offered by the Federation of Medical Specialists of Quebec. The participants then completed CPD-Reaction, a questionnaire
based on Godin’s integrated model for health professional behavior change and with evidence of validity that measures behavioral
intention (dependent variable) and psychosocial factors influencing intention (n=4). We also assessed variables related to
sociodemographics (n=5), course content (n=9), and course format (eg, graphic features and duration) (n=8). Content variables
were derived from CanMEDS competencies, Bloom’s learning levels, and Godin’s integrated model. We conducted ANOVA
single-factor analysis, calculated the intraclass correlation coefficient (ICC), and performed bivariate and multivariate analyses.

Results: A total of 400 physicians participated in the courses (range: 38-135 physicians per course). Average age was 50 (SD
12) years; 56% (n=223) were female, and 44% (n=177) were male. Among the 259 who completed CPD-Reaction, behavioral
intention scores ranged from 5.37 (SD 1.17) to 6.60 (SD 0.88) out of 7 and differed significantly from one course to another
(P<.001). The ICC indicated that 17% of the total variation in the outcome of interest, the behavioral intention of physicians,
could be explained at the level of the CPD course (ICC=0.17). In bivariate analyses, social influences (P<.001), beliefs about
capabilities (P<.001), moral norm (P<.001), beliefs about consequences (P<.001), and psychomotor learning (P=.04) were
significantly correlated with physicians’ intention to adopt new behaviors. Multivariate analysis showed the same factors, except
for social influences and psychomotor learning, as significantly correlated with intention.

Conclusions: We observed average to high behavioral intention scores after all 5 web-based courses, with some variations by
course taken. Factors affecting physicians’ intention were beliefs about their capabilities and about the consequences of adopting
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new clinical behaviors, as well as doubts about whether the new behavior aligned with their moral values. Our results will inform
design of future web-based CPD courses to ensure they contribute to clinical behavior change.

(JMIR Med Educ 2022;8(2):e34299)   doi:10.2196/34299

KEYWORDS

continuing professional development; CPD-Reaction; behavioral intention; medical specialists; continuing professional development;
web-based training; medical education; education; physician; psychosocial; online course

Introduction

Improving patient outcomes requires that health professionals
constantly adjust their practices in light of new evidence.
Continuing professional development (CPD) is one of the most
common strategies for achieving this, and indeed is a
requirement for continued practice in many countries, including
Canada [1]. The use of web-based CPD increased 10-fold from
2002 to 2008 in the United States and continues to grow rapidly
[2], paralleling the increasing use of other web-based tools by
health professionals [3]. A combination of the high costs of
in-person CPD and the sanitary measures imposed during the
COVID-19 pandemic have accelerated this increase in
web-based CPD [4,5]. It is not clear whether web-based CPD
has a real impact on clinical practice [6-9] or if physicians want
CPD delivered this way [10]. However, in times of pandemic
there is little choice, and some of the advantages of distance
learning have been highlighted in this context [11]. High-quality
CPD courses should translate the evidence presented not only
into new awareness, but also into new practices; yet most studies
only evaluate their impact on clinical practice using measures
of satisfaction and changes in knowledge [6,12,13]. Several
meta-analyses on the impact of CPD on physician performance
have recommended that new research should focus less on
whether CPD is effective and more on why it is effective [14].
This requires a better understanding of the theory-based
mechanisms underlying the impact of web-based CPD courses
on clinical practice [15]. Future courses could then be based on
these evidence-based and theory-informed mechanisms.

Sociocognitive theories describe these mechanisms by
identifying key variables and the interrelationship of
determinants in predicting health behaviors [16]. Studies based
on such theories provide the empirical evidence to guide many
behavior-change interventions. Learning is based not only on
absorbing information, but on other factors that produce social
behaviors, such as social modeling and a personal sense of
control [16-19]. To ensure that CPD courses lead to physicians
adopting the desired behavior in clinical practice, it is essential
that they be informed by sound, theory-based factors known to
influence the adoption of a given behavior [20-22]. According
to Godin’s integrated model for health professional behavior
change [17], behavioral intention is the central factor influencing
the adoption of a given behavior. In turn, this intention is
influenced by a number of other sociocognitive factors.
Incorporating these modifiable sociocognitive factors in the
design of CPD has proven acceptable and feasible [23] and
holds great promise for improved clinical practices [15,24].

Godin’s comprehensive list of these factors, gathered from
evidence produced by multiple studies in numerous domains,

informed our CPD-Reaction tool, designed to assess behavioral
intention after CPD activities [19,25]. The questionnaire consists
of 12 items related to intention and 4 of the following influences
on intention: (1) social influence (perception of approval or
disapproval by persons significant to the individual regarding
the adoption of the behavior); (2) beliefs about capabilities
(belief that one is capable of performing the behavior); (3) moral
norm (feeling of personal obligation regarding the adoption of
the behavior); and (4) beliefs about consequences (perception
that the behavior will have harmful or beneficial effects). For
CPD to result in adopting a new clinical or organizational
practice, “deep” learning also needs to occur [26]. Many CPD
developers use Bloom’s taxonomy to design the learning
objectives of CPD activities, which also provides measures for
their effects [27]. Bloom’s taxonomy is related to Kirkpatrick’s
model, one of the best-known models for analyzing and
evaluating the results of training programs [28]. Bloom’s
taxonomy provides additional detail by defining 3 domains of
learning, which are affective, psychomotor, and cognitive.
Affective learning relates to attitudes, psychomotor to physical
skills, and cognitive to six learning levels, each of increasing
“depth” or complexity [29].

Therefore, to address the lack of theory-informed assessment
of CPD activities, we aimed to identify sociocognitive factors
associated with physicians’ intention as well as indications of
Bloom’s learning levels following their participation in 5
web-based CPD courses.

Methods

Study Design
We performed a cross-sectional study of a convenience sample
of specialist physicians who had completed 1 of 5 different
web-based CPD courses [30]. We report data according to the
STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) reporting guidelines for cross-sectional studies
[31]. Data were collected between November 2015 and April
2019 following completion of the CPD courses by participants
using a web-based interactive platform (MÉDUSE) designed
by the Federation of Medical Specialists of Québec (FMSQ)
[32]. The FMSQ consists of 35 medical associations and
represents 59 medical specialties in the province of Quebec. Its
members include more than 10,000 medical specialists [33].

Ethics Approval
Approval for this study was obtained from the research ethics
boards of the Centre intégré universitaire de santé et de services
sociaux (CIUSSS) de la Capitale-Nationale (Project
2020-1889_SPPL).
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Study Participants
To be eligible, the physicians had to have completed (1) one of
the 5 available FMSQ CPD web-based courses and (2) the
CPD-Reaction questionnaire.

CPD Courses
The 5 web-based courses were all accredited by the Royal
College of Physicians and Surgeons of Canada [34] and targeted
the following five behaviors: (1) to adapt the frequency of
cytological exams for gynecological patients 25-45 years old
to new human papillomavirus recommendations; (2) to use
recommended lung cancer treatment and monitoring algorithms;
(3) to use a systematic leadership approach in community health
endeavors (eg, preventing instances of suicide from a bridge in
Montreal); (4) to respect best practices in record keeping; and
(5) to identify patients who meet the criteria for identifying a
potential organ donor. Courses were free of commercial support
(paid by FMSQ members’ annual contributions). They were
secured and accessible 24/7 by Quebec specialist physicians.
The courses lasted from 90 to 120 minutes, and participants
could stop or reinitiate courses at any time. Course objectives
were based on Godin’s integrated model for health
professionals’ behavior and aimed to encourage physicians to
adopt new behaviors (or cease old ones). Each targeted behavior
was designed according to 3 of the TACT principles: “target,”
“action,” and “context” (“time” was excluded, as the targeted
behaviors were not dependent on a specific time frame) [35].
The courses were also designed to develop core competencies
as described in the CanMEDS Competency Framework [36].
CanMEDS is a framework created by the Royal College to
ensure that CPD courses, regardless of their specialist content,
allow physicians to develop one or more of the following core
roles: medical expert, communicator, collaborator, leader, health
advocate, scholar, or professional. We inserted the relevant
learning objectives into each of the 5 CPD-Reaction
questionnaires and attached them to the end of each respective
course (Figure S1 in Multimedia Appendix 1).

Data Collection Procedure
Data were collected in 2 separate databases by the FMSQ, one
for the sociodemographic variables of those attending each
course (henceforth referred to as “participants”) and another for
those who had completed CPD-Reaction (henceforth referred
to as “respondents”). Individual participant sociodemographic
data could not be linked to individual respondent CPD-Reaction
questionnaire scores and were analyzed at the level of the CPD
course. For sociodemographic variables and variables collected
at the course level (content and format of the CPD courses), the
same values were then attributed to all respondents in the same
course.

At the Level of Participants

Psychosocial Determinant Variables (1 Dependent Variable
and 4 Independent Variables)

The CPD-Reaction is a self-administered questionnaire based
on sociocognitive theories of behavioral change. The
questionnaire had been developed and validated earlier with
participants in 18 different CPD activities and had a Cronbach
α ranging from .77 to .85 [22,25]. The CPD-Reaction

questionnaire consists of 12 items grouped into the five
following constructs: (1) behavioral intention (dependent
variable; 2 items); (2) beliefs about capabilities (3 items); (3)
social influences (3 items); (4) beliefs about consequences (2
items); and (5) moral norm (2 items). The specific clinical
behavior targeted by the CPD course is inserted into each item
of the questionnaire. There is no overall score for CPD-Reaction.
The score for each construct is computed as the average of each
item (Likert scale of 1, which is low, to 7, which is high), except
for social influence, which is rated on a Likert scale of 1 to 5
[37]. Thus, a moral norm score of 7, for example, indicates that
the respondent feels a strong obligation to adopt this behavior,
while a score of 1 for beliefs about capabilities indicates that
the respondent does not feel confident in their ability to adopt
the behavior [37]. All physicians who completed CPD courses
were invited to fill out the CPD-Reaction questionnaire
afterward.

At the Level of the CPD Courses

Participant Profile (Sociodemographic) Variables (5
Independent Variables)

All participants (n=400) provided information about their age,
number of years in practice, sex (female or male), their medical
association (clinical area), and administrative region.

Characteristics of Course Content (9 Independent Variables)

Two coders independently noted the presence of slides in each
CPD course in which they could identify the following elements:
(a) targeting of a CanMEDS role—medical expert,
communicator, collaborator, leader, health advocate, scholar,
or professional (when more than one role was targeted, the
reference category was “not applicable”); (b) Bloom’s learning
levels; and (c) constructs of Godin’s theoretical framework for
the study of health care professionals’ behavior and intention
[17,27,36].

Characteristics of Course Format (8 Independent Variables)

Informed by literature on presentation of material for optimal
learning [38,39], 2 coders independently assessed the presence
of the following factors: use of virtual characters, use of a
reflective approach, duration of the course, presence of
nonfunctional links to references, presence of slides with a video
of a health professional (opinion leader), presence of slides with
a figure or a diagram, presence of slides with a quiz, and
presence of women on the scientific committee for the course
development.

Data Analysis
The data set had a hierarchical structure consisting of 2 levels,
which were respondents and CPD courses. Individual participant
sociodemographic data were in a distinct database and could
not be linked to individual respondent CPD-Reaction
questionnaire scores. Therefore, analysis focused primarily on
variables at the level of CPD courses. These variables were only
retained if they could be collected for all 5 courses. All variables
retained at the course level had fewer than 1% missing values.
At the respondent level (n=259), only the dependent variable,
intention, and the 4 independent psychosocial variables (social
influences, beliefs about capabilities, moral norm, and beliefs
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about consequences) were accessible and analyzed. At the CPD
course level (n=5 CPD courses), data analyzed included the 5
sociodemographic variables of participants, 8 course format
variables, and 9 course content variables.

We used descriptive statistics and frequency counts to describe
all variables. We performed an ANOVA single-factor analysis
to assess whether the topic of the courses had an impact on
intention. We also computed the intraclass coefficient (ICC) to
assess the percentage of variance in behavioral intention and
its psychosocial determinants attributable to the CPD course
[40]. We performed exploratory bivariate analysis using
Spearman correlations for each one of our independent variables
at the level of the CPD courses to assess their association with

physicians’ intention scores. Lastly, we performed bivariate
and multivariate analysis on the 4 psychosocial determinants
of intention at the respondent level (n=259) to explore their
impact on intention scores. We used a linear model and
introduced a random effect for the CPD courses. A threshold
of .05 was set for statistical significance. We verified all
assumptions for the linear regression model [41]. All analyses
were performed with SAS, version 9.4 (SAS Institute Inc).

Results

Characteristics of the Participants
Table 1 shows the characteristics of participants from across
Quebec attending each course.

Table 1. Profile of the participants.

CoursesaVariables

All courses54321

400 (100)38 (9)135 (34)71 (18)60 (15)96 (24)Participants, n (%)

50 (12)46 (12)52 (12)51 (13)49 (11)48 (11)Age (years), mean (SD)

Gender, n (%)

223 (56)16 (42)74 (55)43 (61)20 (33)70 (73)Female

177 (44)22 (58)61 (45)28 (39)40 (67)26 (27)Male

87 (22)b7 (18)f23 (17)e11 (15)d24 (40)c67 (70)bMain clinical area for each course, n (%)

77 (19)g6 (16)h35 (26)g14 (20)h18 (30)h18 (19)gMost frequent administrative area of main
practice site, n (%)

19 (14)14 (13)22 (14)20 (14)19 (13)19 (13)Years of practice, mean (SD)

aCourse details: behaviors used in the questionnaire for each course; course 1—to adapt the frequency of cytological examinations according to new
recommendations; course 2—to use lung cancer treatment and monitoring algorithms; course 3—to use a systematic leadership approach; course 4—to
respect good practices in record keeping; and course 5—to identify patients who meet the criteria for identifying a potential organ donor.
bObstetrics and gynecology.
cPneumology.
dPreventive medicine.
ePsychiatry.
fAnesthesiology.
gMontérégie.
hMontreal.

CPD Course Characteristics
Table 2 shows details of course characteristics, including course
formatting, content, presence of Godin’s constructs, and
Bloom’s learning levels. Three courses lasted 90 minutes and
2 lasted 120 minutes. Two out of 5 courses focused on the

CanMEDS role of medical expert, 1 on the role of leader, 1 on
the role of professional, and 1 on several of the roles at once
(classified as “not applicable”). Moreover, 3 course
characteristics showed no variability—all contained slides with
a quiz (format variable), slides on beliefs about capabilities,
and slides on role and identity (content variables; Table 2).
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Table 2. CPDa course characteristics.

CoursebVariables

54321

Characteristics of course format

NoYesYesNoYesVirtual character use in course

YesYesNoNoYesUse of a reflective approach

909012012090Duration, min

YesNoNoNoYesPresence of nonfunctional references

YesNoNoNoNoPresence of slides with a video of health profession-
al—leader opinion

YesYesYesYesNoPresence of slides with a figure or a diagram

YesYesYesYesYesPresence of slides with a quiz

YesYes——cNoPresence of women on the scientific committee

Characteristics of course content

N/AdProfessionalLeaderMedical expertMedical expertMain CanMED role

Presence of slides per constructs of Godin’s integrated model for health professional behavior change

YesNoYesYesYesIntention

YesNoYesNoNoSocial influences

YesYesYesYesYesBeliefs about capabilities

YesYesYesYesYesRole and identity

YesYesYesNoYesBeliefs about consequences

Presence of which level of Bloom’s taxonomy

NoYesYesYesYesCognitive

YesNoNoNoNoAffective

YesYesNoNoNoPsychomotor

aCPD: continuing professional development.
bCourse details: course 1—to adapt the frequency of cytological exams for gynecological patients 25-45 years old to new Human Papillomavirus
recommendations; course 2—to use recommended lung cancer treatment and monitoring algorithms; course 3—to use a systematic leadership approach
in community health endeavors (eg, preventing suicides from a bridge in Montreal); course 4—to respect best practices in record keeping; and course
5—to identify patients who meet the criteria for identifying a potential organ donor.
cNot available.
dN/A: not applicable.

CPD-Reaction Questionnaires Scores and ICC
Of the 400 participants, 259 (65%) respondents fully completed
the CPD-Reaction questionnaire. Table 3 shows details of
respondents’mean intention and psychosocial determinants and
SD scores for each course. The behavioral intention score was
medium to high and varied depending on the course undertaken
(intention score between 5.37, SD 1.17 and 6.60, SD 0.88).
ANOVA analysis of the variable intention showed significant

differences between courses (F value=12.50, P<.001). The ICC
(0.17) indicated that 17% of the total variation in the behavioral
intention of physicians to adopt new behaviors could be
explained at the level of the course in which they had registered.
Some courses showed significantly different means of intention,
that is, respondents shared more intracourse similarities than
extracourse similarities (ie, within CPD courses vs between
courses).

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34299 | p.71https://mededu.jmir.org/2022/2/e34299
(page number not for citation purposes)

Bergeron et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. CPD-Reaction questionnaire mean scores and ICCa.

ICCMean (SD)CoursesbVariables

54321

N/AN/Ac38 (15)61 (24)63 (24)44 (17)53 (20)Number of respondents, n (%)

Psychosocial determinantsd, mean (SD)

16.86.15 (1.16)6.60 (0.88)6.57 (1.11)5.37 (1.17)6.22 (0.87)6.22 (1.15)Intention

13.05.07 (1.12)5.16 (1.33)5.17 (0.95)4.39 (0.98)5.41 (1.12)5.44 (0.97)Social influences

25.95.94 (0.99)6.25 (1.11)6.16 (0.89)5.07 (0.81)6.22 (0.75)6.28 (0.80)Beliefs about capabilities

8.986.41 (0.93)6.68 (0.80)6.61 (1.11)5.94 (0.93)6.35 (0.82)6.58 (0.66)Moral norm

10.96.38 (0.86)6.68 (0.77)6.72 (0.47)5.99 (0.91)6.30 (0.94)6.28 (0.94)Beliefs about consequences

aICC: intraclass correlation coefficient.
bCourse details: course 1—to adapt the frequency of cytological exams for gynecological patients 25-45 years old to new Human Papillomavirus
recommendations; course 2—to use recommended lung cancer treatment and monitoring algorithms; course 3—to use a systematic leadership approach
in community health endeavors (eg, preventing suicides from a bridge in Montreal); course 4—to respect best practices in record keeping; and course
5—to identify patients who meet the criteria for identifying a potential organ donor.
cN/A: not applicable.
dScore range 1-7.

Factors Associated With Physicians’Intention to Adopt
a New Behavior
Only one of the course variables, psychomotor learning level
(Bloom’s taxonomy), was significantly associated with the
physicians’ intention to change their behavior, and this was the
case in all 5 courses (R=0.89, P=.04) (data not shown). Bivariate
regression analysis of psychosocial determinants showed that

all 4 variables were significantly associated with intention
(P<.001) (Table 4). Multivariate regression analysis of the same
variables showed 3 out of the 4 were significantly correlated
with intention, namely beliefs about capabilities (0.49, P<.001),
moral norm (0.37, P<.001), and beliefs about consequences
(0.40, P<.001) (Table 4). When we analyzed the courses
separately, we found similar results (Multimedia Appendix 2).

Table 4. Bivariate regression analysis and multivariate regression analysis of psychosocial determinants associated with intention to adopt a clinical
behavior (n=259 respondents).

P value95% CIβVariables

Bivariate regression analysis

<.0010.31 to 0.53.42Social influences

<.0010.86 to 1.04.95Beliefs about capabilities

<.0010.71 to 0.93.82Moral norm

<.0010.67 to 0.92.80Beliefs about consequences

Multivariate regression analysis

.30–0.12 to 0.04–.04Social influences

<.0010.37 to 0.62.49Beliefs about capabilities

<.0010.27 to 0.48.37Moral norm

<.0010.30 to 0.50.40Beliefs about consequences

Discussion

Principal Findings
We identified factors associated with physicians’ intention to
adopt new behaviors following the completion of 5 different
web-based CPD courses. Behavioral intention scores were
average to high but differed significantly from one course to
another. The differences between CPD courses (higher level in
our hierarchical database) explained a significant proportion of
this variance in intention (ICC=0.17). We saw no influence of

course characteristics (content-wise or format-wise) on intention
except the targeting of Bloom’s psychomotor learning level.
Finally, we observed that together, beliefs about capabilities,
moral norm, and belief about consequences (3 of the
psychosocial variables included in Godin’s integrated model
for health professional behavior change) partially explained
physicians’ behavioral intentions.

Significance and Comparison With Prior Work
First, we found that behavioral intention scores were average
to high but varied by course. Some courses seemed to be
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associated with higher physician intention to adapt their practice
compared with others. Course 3, on using a systematic
leadership approach in community health endeavors, had the
lowest intention score of all—although this course also targets
more complex and ambiguous outcomes than the others, and
leadership skills are difficult to develop in 120 minutes. We
also found that the variance in intention explained by the
difference in CPD courses had significant magnitude. We
obtained an ICC of 0.17; thus, the intergroup variance
represented 17% of the total variance. Interestingly, higher ICCs
are more often seen in studies in specialty settings than in
primary care studies [42]. It is possible that specialist physicians
have more in common with each other, even diverse specialist
physicians attending the same course, than do general
practitioners. Some studies have observed that medical
professional culture ensures there is more similarity than
diversity within specific medical specialties [43-45].

Second, in bivariate analyses at the CPD course level, the only
variable significantly correlated with the intention to adopt new
behaviors was targeting Bloom’s psychomotor learning level.
This level of learning, unlike the cognitive or affective levels,
is more closely related to physical changes in behavior.
However, this variable was not retained in our final model,
suggesting that as an influence on adoption of new behaviors,
it does not supersede the psychosocial variables included in the
integrated model [17]. Regarding the other nonsignificant
variables, previous studies have also found little significant
association between sociodemographic characteristics and
intention to adopt new behaviors [46,47]. Our results validate
the assumption of the integrated model for health professional
behavior change: modifiable psychosocial factors are the
variables most likely to explain behavior change, and CPD
courses should therefore focus on these factors to be more
effective.

Third, we found that the 3 variables most significantly associated
with intention to adopt a behavior among respondents were all
psychosocial factors included in our integrated theoretical
framework—beliefs about capabilities, moral norm, and beliefs
about consequences (ie, their confidence about adopting the
behavior, its ethical acceptability, and their perception that the
behavior would be useful and beneficial). Based on our results,
CPD courses should use behavior change techniques that focus
on these 3 variables [48,49]. To improve beliefs about
capabilities, courses could provide more experience to give
participants confidence in their abilities, such as identifying
barriers and management strategies, providing feedback, and
encouraging monitoring of future actions (eg, noting and
recording when the new behaviors have been adopted) [17,50].
To improve beliefs about consequences, courses could provide
information about the proven benefits of the behavior and
personalized information about its consequences. Regarding
moral norm, courses could emphasize the felt obligation to adopt
behaviors or help participants focus on moral considerations
such as being aware of others’needs [51]. In addition, according
to Godin’s theory, when people hold two ideas that are not
psychologically consistent, to reduce cognitive dissonance, they
do all in their power to change them until they become consistent
[17]. One way to reduce cognitive dissonance is to solicit

arguments from the subject in favor of the behavior to be
adopted even if they are against it [52]. While producing such
arguments may cause discomfort, the subject will ultimately
adjust their initial attitude to be more consistent with the
arguments they fabricated in favor of the behavior. Surprising
as it may seem, when we are led to act contrary to our
convictions, we tend to justify our actions, and we adapt our
opinions to our behavior. Other work on “provisional selves”
suggests that playing a role with which one is unfamiliar, or
even against which one resists, opens new moral possibilities
and can help one envisage adapting one’s current role or
adopting new ones [53,54]. Including this technique in a CPD
course would be an interesting challenge.

Limitations and Strengths
This was a cross-sectional study, which limited our interpretation
to assuming that attending the CPD courses improved intention
scores. Indeed, we are unaware if respondents already had
moderate-to-high intention to adopt these behaviors before
completing the CPD courses—using the CPD-Reaction
questionnaire both before and after the course would have better
indicated a change in intention due to the course topic. A future
study with a more robust study design (eg, pre-post controlled
trial) could further verify the impact of courses [55]. Moreover,
to increase power, we brought data from all 5 CPD courses
(each targeting a different clinical behavior) into one hierarchical
data set. Although aggregating data on distinct behaviors is not
always advisable [56,57], this limitation was mitigated by
respect for the theory archetypes that structure the study. In
addition, our sensitivity analysis (Multimedia Appendix 2)
showed similar results to those obtained with the aggregated
database. The literature suggests that at least 30 units at each
level of analysis are needed to reach sufficient power [58]. New
ways to assess CPD courses are needed as few individual CPD
courses recruit hundreds of participants. Moreover,
sociodemographic data collected at the group level could not
be applied to the respondent level (ie, to the individual level).
Inferring results of analysis at the upper level (where
determinants and outcomes are related at the group [course]
level) to the individual level (ecological fallacy) or the reverse
(atomistic fallacy) can result in bias [59]. Finally, intention is
recognized as a limited proxy for behavior. Meta-analytic
syntheses have found that intention accounts, on average, for
only about 25% of the variance in behavior [35,60], although
finding other reliable measures of behavior is challenging
[19,56]. While a 2006 review by Eccles et al [61] “provide[d]
encouragement for the contention that there is a predictable
relationship between the intentions of a health professional and
their subsequent behaviour,” CPD activities making use of the
determinants of intention as dependent variables should also
integrate methods to close the intention-behavior gap such as
audit and feedback, eliciting of implementation intentions
(“if-then” plans), commitment to change statements, and
supervision to support clinicians in following through on their
intentions [62-64].

Conclusions
Beliefs about capabilities, moral norm, and belief about
consequences partially explained physicians’ behavioral
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intention. To address these beliefs, CPD activities could focus
on building physicians’confidence about overcoming obstacles
and on strategies for helping them align moral values with new
behaviors, as well as providing information about their proven
benefits.

As mentioned in our previous work [12], the use of
CPD-Reaction helps CPD developers reflect on the nature of

their training objectives in relation to the impact they seek. This
study provides insights as to how to optimize physicians’
intention to adopt a new behavior as a result of web-based CPD
activities. CPD-Reaction contains the relevant theory-informed
and validated items needed to assess intention and its
determinants for CPD developers targeting clinical behavior
change.
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Abstract

Background: Anesthesiology education has undergone profound changes over the past century, from a pure clinical apprenticeship
to novel comprehensive curricula based on andragogic learning theories. Combined with institutional and regulatory requirements,
these new curricula have propagated professionalization of the clinician-educator role. A significant number of clinician-educator
anesthesiologists, often with support from department chairs, pursue formal health professions education (HPE) training, yet
there are no published data demonstrating the benefits or costs of these degrees to educational leaders.

Objective: This study aims to collect the experiences of anesthesiologists who have pursued HPE degrees to understand the
advantages and costs of HPE degrees to anesthesiologists.

Methods: Investigators performed a qualitative study of anesthesiologists with HPE degrees working at academic medical
centers. Interviews were thematically analyzed via an iterative process. They were coded using a team-based approach, and
representative themes and exemplary quotations were identified.

Results: Seven anesthesiologists were interviewed, representing diverse geographic regions, subspecialties, and medical
institutions. Analyses of interview transcripts resulted in the following 6 core themes: outcomes, extrinsic motivators, intrinsic
motivators, investment, experience, and recommendations. The interviewees noted the advantages of HPE training for those
wishing to pursue leadership or scholarship in medical education; however, they also noted the costs and investment of time in
addition to preexisting commitments. The interviewees also highlighted the issues faculty and chairs might consider for the
optimal timing of HPE training.

Conclusions: There are numerous professional and personal benefits to pursuing HPE degrees for faculty interested in education
leadership or scholarship. Making an informed decision to pursue HPE training can be challenging when considering the competing
pressures of clinical work and personal obligations. The experiences of the interviewed anesthesiologists offer direction to future
anesthesiologists and chairs in their decision-making process of whether and when to pursue HPE training.

(JMIR Med Educ 2022;8(2):e38050)   doi:10.2196/38050
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Introduction

Since the advent of anesthesiology, a combination of societal,
economic, and higher education movements has influenced the
adoption of formal learning theories by anesthesiology educators
[1]. Initially, anesthesiology education centered around a clinical
apprenticeship. However, the advancement of surgical
techniques and the drive for reliable anesthetic techniques
resulted in the restructuring of anesthesiology programs over
the second half of the twentieth century [2,3]. Although
pedagogical learning theories originally dominated
anesthesiology training, the end of the last century marked the
introduction of andragogic and experiential learning theories
that accompanied the expansion of formal curricula for
anesthesiology trainees (Table 1) [4].

These new curricula, combined with expanding institutional
and regulatory requirements, have propagated a
professionalization of a clinician-educator role for
anesthesiologists. Many academic physicians have transitioned
from the traditional clinician-researcher-educator role, and
instead pursue educational scholarship as the central facet of
their academic careers [5]. In the United States, this evolution
has been influenced by the Accreditation Council for Graduate
Medical Education (ACGME), which states that graduate
medical education program directors should have at least 3 years
of educational or administrative experience [6]. Though this
statement by the ACGME calls for a broad allowance of
education and administrative experiences, department leadership
have recognized the value of formal training in education. Over

the past several decades, this environment has propagated the
development of health professions education (HPE) programs
that are specifically designed for physicians, including
certificate, master, and doctoral programs. There are now more
than 150 such programs worldwide, with significant variation
in content delivery (online, asynchronous, hybrid, or in-person),
duration, and curriculum [7-9].

Additionally, there has recently been an emphasis on blended
training environments that incorporate nonclinical interests,
physician wellness, and social justice [1]. This progression of
learning paradigms is also contributing to the increased growth
of HPE programs [8,10]. Despite the rising number of
anesthesiologists seeking HPE, there are limited data
demonstrating the benefits and costs of these programs [9].
Many anesthesiologists who are interested in education-oriented
careers are without appropriate guidance about whether to
pursue an HPE degree. This is further compounded by the
variety of programs, ranging from certification programs at
local institutions to formal degree–granting programs.

There is an emerging community of anesthesiologists who have
attained HPE degrees, along with others who are in the process
of completing HPE programs, which grant master’s degrees or
higher. This qualitative study investigates the experiences of
anesthesiology educators who have completed HPE master’s
degrees. It seeks to understand the influence these degrees have
had on their professional and personal advancement and
demonstrate common, valuable elements for future
anesthesiologists wishing to pursue HPE programs.

Table 1. Examples of andragogy and pedagogy learning styles.

PedagogyAndragogy

Teacher-dependent learnerSelf-directed learner

Little to no life experienceGreater life experiences

Learning determined by teacherLearning determined by social roles

Content centeredProblem centered

Extrinsic motivationIntrinsic motivation

Methods

Study Design and Research Characteristics
We performed a prospective, semistructured interview
qualitative study with thematic analysis. The study design and
reporting adhere to the standards described by the Standard for
Reporting Qualitative Research guidelines [11]. All participants
were approached via direct, electronic solicitation and were
informed that participation was voluntary. Study participation
offered no direct benefit to the participants. The interviewers
obtained verbal consent from all study participants.

Context
Investigators interviewed participating anesthesiologists who
worked at academic medical centers representing different
regions of the country and different anesthesiology
subspecialties. All interviews were conducted remotely using
video conference software (Zoom Video Communications) to

maintain safe social distancing, as interviews were performed
during the COVID-19 pandemic. The interviews occurred from
August through October of 2020.

Sampling Strategy
The study team sought to collect a sample of up to 12
anesthesiologists or until thematic saturation occurred.
Participants were identified based on national reputation and
professional relationships representing different institutions and
different subspecialities [12]. Nonprobability sampling is typical
in qualitative research, where the goal is not to randomly select
from the population, but rather to purposefully identify and
select relevant individuals [13]. This homogenous group
sampling provides a rich understanding of their experiences
[13]. We selectively recruited academic anesthesiologists who
had earned a master’s degrees in HPE. During qualitative
research, data collection and analysis often occur simultaneously
[13]. Sample size is considered adequate when little additional
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information is emerging from the interviews, which began at
the 6th interview, resulting in a total of 7 participants.

Ethics Approval
The Stanford University Institutional Review Board granted a
waiver for this study (Protocol #57512).

Data Collection Methods
Prior to each interview, we collected demographic data via
questionnaires administered electronically using Research
Electronic Data Capture [14,15]. Interviews were audio
recorded, and transcripts were subsequently generated using an
automated audio transcription service and were reviewed for
accuracy prior to analysis (Otter.ai).

Data Collection Instruments
Via the preinterview survey instrument, the participants provided
us with information regarding the duration of the HPE program
they completed, time since completion of the program, degree
granted by the program, granting institution, the format of
educational content delivery, and the tuition funding sources.
Subsequent interviews used a semistructured interview guide,
which remained unchanged (Multimedia Appendix 1). The
interview guide consists of 7 open-ended questions accompanied
by 8 optional probing questions and prompts to increase the
amount of information provided by each participant for a given
question (Multimedia Appendix 1). Two members of the study
team (JB and TC) with expertise in qualitative methodology
designed the interview guide. The questions addressed
motivation, timing (stage of career), perceptions of the
educational program, perception of barriers to completing the
program, and summative or wholistic opinions of the program.
To maintain consistency of the interview technique, the same
study investigator (AA) conducted all interviews.

Data Analysis
Interview transcripts were analyzed using an iterative, grounded
theory approach to identify common themes [16,17]. Each theme
was defined using a representative quotation from an interview.
In cases where investigators coding the transcripts disagreed

about the categorization of themes, a third investigator served
as arbitrator. Because we were more interested in the relative
importance and connection of ideas compared to the frequency
of ideas, we performed this inductive thematic analysis, not a
content analysis [13]. After the analysis, we presented the results
to 2 of the participants to member check, which provided
confirmation that the thematic analysis aligned with the message
they sought to impart [13].

Results

Participants
All anesthesiologists approached for the study agreed to
participate, for a total of 7 physician participants representing
6 different academic medical centers and representing the ranks
of assistant and associate professor (Table 2). By self-identified
gender, 4 (57%) of the participants were female and 3 (43%)
were male. In total, participant degrees included 4 different HPE
degrees granted by 6 different academic institutions; all
participants completed a master’s degree. Moreover, 2/7 (29%)
participants reported completing HPE training prior to attending
medical school, and the remaining after their anesthesiology
graduate medical education training. The 2 participants who
completed degrees prior to medical school were self-funded for
tuition and expenses, and department resources funded tuition
of the 5 who earned HPE degrees after joining a faculty as
academic physicians. The most recent HPE graduate completed
their program 5 years ago; the most distant graduate was 25
years ago. For participants who completed their HPE degrees
after completing residency or fellowship training, the range of
completion date was 5-9 years ago. The median time since the
receipt of HPE among the 7 participants was 6 years. Time to
programmatic completion ranged from 1 to 6 years, with a
median of 2 years. HPE instructional formats included in-person,
virtual, and hybrid. The interviews lasted between 18 and 28
minutes. After the 7 interviews with iterative analyses were
conducted, little additional information emerged, and it became
apparent that thematic saturation had occurred.
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Table 2. Summary of participant demographics and experiences.

ValuesVariables

10.4 (5-25)Time since degree completion (years), mean (range)

2.71 (1-6)Duration of degree program (years), mean (range)

Degrees completed by interviewees, n (%)

4 (57)Master of Education

1 (14)Master of Education in the Health Professions

1 (14)Master of Science in Health Professions Education

1 (14)Master of Academic Medicine

Degree-granting institutions, n (%)

2 (29)Harvard

1 (14)Johns Hopkins

1 (14)Massachusetts General Hospital

1 (14)University of Cincinnati

1 (14)University of Houston

1 (14)University of Southern California

Self-identified gender of interviewees, n (%)

4 (57)Female

3 (43)Male

National regions represented by interviewees, n (%)

2 (29)West Coast

3 (43)Northeast

1 (14)South

1 (14)Upper Midwest

Tuition funding source, n (%)

5 (71)Departmental

2 (29)Self-funded

Thematic Results
Our analysis of interview transcripts identified the following 6
core themes: outcomes, extrinsic motivators, intrinsic

motivators, investment, experience, and recommendations
(Table 3).
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Table 3. Representative statements from the thematic analysis.

Representative statementsDefinitionCode

Intended and unintended impacts of the degree
on one’s career, including how they have used

Outcomes • “It’s definitely a factor to get you noticed by people like chairs when they
have educational leadership roles to fill.”

the degree and practical day-to-day application
of skills or knowledge

• “I think it has been a good opportunity for me to… further push those key
projects…[and] get a better understanding of where the problems are in
care delivery within my department.”

• “I think it influenced much of what I did even beyond education, when I
look back, what really happened in the years just after, it just gave me
that desire to know my own self, to just go for it. And that was really great
to develop more confidence in your own abilities outside of what you
do.”

• “I mean, like the job offers I’m getting, it’s insane.”

Reasons for an individual seeking a degree
based on attaining a known, external reward

Extrinsic motivators • “Pretty much… [the chair] told me I had to do it to become faculty.”
• “I would say that [for] the department and my division, definitely, it was

an expectation that I would pursue the degree.”
• “… my career goals were to kind of move up [to] med ed administration

and to publish in medical education.”
• “My mentor… was a very key proponent in me getting my masters be-

cause… to continue to move up that that would be a skill set and a degree
that would look good from an experience standpoint.”

Reasons for an individual seeking a degree for
its own sake without an external reward, includ-
ing emotions, values, and goals

Intrinsic motivators • “I was just frustrated with myself. And I felt like I just needed a formalized
process and I needed everything at once and I was tired of trying to find
it on my own.”

• “I felt like I needed to know the language and I needed to know the theory
behind why things are done the way they're done in medical education.
And so that prompted me to get my masters.”

• “I really wanted advanced training and knowledge in education in general,
which I thought would be helpful, just to understand more what's going
on”

• “I started to really become interested in studying educational processes,
and team dynamics even, and the ways we think and how it influences
the way we act and just everything like that.”

Positive and negative aspects of obtaining an

HPEa degree, including personal or financial

Investment • “The biggest stressor was that I had to negotiate with my family because
of time.”

• “I didn't jump into the program my first year as an attending even though
I was advised to, because I felt like I really needed to lay my ground as

sacrifices, opportunity costs, and time commit-
ment

a clinician. … We work a lot of days in a row. And that makes doing an
online curriculum while you're a full-time employee very difficult…”

• “When I enrolled in the program, I had the added pressure to really get
through it as fast as possible… because there was this tension with my
family, basically.”

• “First of all, it's a time commitment. …If you just stay in your clinical
practice, right, and you try to do things within the division or department,
it's already very busy.”

Overall perspectives about the degree program,
including opinions about the process of obtain-

Experience • “It reviews a lot of the scientific methodology that we all appreciate even
in other aspects of research. There's an emphasis on leadership, which I
really appreciated. I especially appreciated that understanding of ourselves.ing the degree (ie, satisfaction with the content
There was an emphasis on understanding your MBTI scores and whatcovered, mode or format of delivery, and sug-

gestions for improvement) that meant, which really gets into where you understand your strengths,
and what works well.”

• “But what I wish the program did was potentially focus less on individu-
alized projects and potentially allow more collaboration and group projects
for your Capstone… It would be really interesting to use the program
more to develop interprofessional projects than having everybody do one
individual project.”

• “I think what I really would have loved is if there was somebody in there
who could help you either write a case report, you know, or help you with
the research part as you're doing it, or help you write a grant.”
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Representative statementsDefinitionCode

• “If you think, look, I love to teach… you don't need a master's degree to
be a teacher of residents, right, anybody in an academic center is going
to teach residents. But if you think you want to be involved in residency
leadership or medical school leadership, if you see yourself as being a
program director one day or you know, dean for curriculum of a medical
school, that kind of thing, then I think it is a good step because as I said
before, I think it will get you noticed when those kinds of opportunities
come up.”

• “I think right out of training, you don't necessarily know which person
you are. What I usually advise is to do some workshops, figure out if you
just want to become a really good teacher. I think you don't need a master’s
to do that.”

• “I think if you want to study teaching and you want to have a foundation
in adult learning theory and you want to be able to become an administrator
or become a researcher in med[ical] ed[ucation] that I would advise the
[HPE degree].”

• “If you're going to use this degree, you're pretty much marrying yourself
to academics. But then I would also say that I think that there's a lot of
opportunities for innovation, and a lot of interesting ways to use the
master of education. And I would also say that I would sort of make sure
that I had an academic or administrative niche that, you know, you can
really start applying the coursework early on. So that you know, like, you
can sort of build your academic portfolio while you're working on the
degree.”

Advice that the participant would offer to
someone interested in pursuing an HPE degree
regarding timing, factors to consider, and as-
pects of a program to look for or avoid

Recommendations

aHPE: health professions education.

Outcomes
The participants consistently highlighted intended and
unintended consequences from formal HPE training. Among
the intended outcomes, the participants noted that the training
prepared them for educational leadership roles within their
departments and enhanced recognition from other departmental
leaders. They also reported being better equipped to augment
their daily academic activities, including learner assessment,
clinical teaching improvement, and production of scholarship.
Unintended but positive outcomes included earlier promotion
and offers from other institutions for specific education
appointments. The participants also noted a theme of
self-exploration and discovery from their HPE experiences.

Extrinsic Motivators
The participants highlighted 3 recurring extrinsic motivating
factors for pursuing formal HPE training, which were as follows:
expectations from departmental leadership, availability of
financial support, and opportunities for career advancement.
Moreover, 4/7 (57%) participants noted that the completion of
formal HPE programs allowed them to fulfill departmental
requirements for promotion and to work with specific mentors
in a structured way. Those who completed HPE programs after
beginning their careers noted that financial tuition support served
as a positive motivator.

Intrinsic Motivators
Two common intrinsic motivators for pursuing formal HPE
training emerged, which were (1) a passion for education and
teaching and (2) personal insight about a lack of knowledge of
medical education theory. The participants sought to better
understand the latest methodologies of medical education and
noted feeling this was needed for career advancement along a
medical education path; 1 (14%) participant said, “I needed to

know the language and…the theory behind why things are done
the way they’re done in medical education.” Moreover, 4 (57%)
participants stated that their intrinsic motivation to pursue HPE
training increased after becoming faculty (as gaps in their
knowledge of education theory became clearer) compared to
their motivation prior to becoming faculty.

Experience
The interviewees highlighted 3 experiential components of the
HPE programs, which were structure, coursework, and research.
Regarding structure, the participants noted that those entering
HPE training programs should reflect on their own personal
learning style to direct whether in-person, virtual, or hybrid
learning best suits them. Programmatic flexibility was also
important to the participants; they noted that given the complex
schedules, asynchronous coursework helped them integrate
varying clinical and administrative duties. The 5 (71%)
participants who completed HPE programs after starting their
careers all continued to work either full- or part-time while
obtaining the degrees. Some commented that a more structured
format was important to keep them focused, whereas others
enjoyed the flexibility of completing coursework at their own
pace.

Regarding coursework, the participants noted that the content
complemented their personal and academic interests and
enhanced their leadership abilities; in particular, content on
leadership and professional development was highly regarded.
Interdisciplinary programs that included professionals from
other specialties, such as nursing, were viewed positively. The
participants voiced some frustration around mandatory
coursework that they perceived to be irrelevant to their goals,
and regarding coursework that required a significant time
investment. Additionally, 5 (71%) participants reported that
they expected more statistical training, and at times, lack of
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statistical expertise may have hindered the completion of
research projects. Nonetheless, the participants did endorse that
they gained a better understanding of medical education research
methodologies through the programs.

Investment
Common among interviews was the invested time and
opportunity cost of HPE training programs. The participants
specifically highlighted the balance between family, work, and
programmatic demands as potential barriers when choosing to
pursue an HPE program; 5 (71%) participants reported weighing
the trade-off between establishing themselves as clinicians in
their departments and the time necessary to dedicate to the
educational program. Several participants (4/5, 80%) chose to
delay starting HPE programs for several years after becoming
faculty in order to establish clinical skills first. The participants
noted that these programs led to an increase in “off hour” work
and required a significant investment of time, often more than
anticipated. Those participants (5/5, 100%) who pursued degrees
after joining an anesthesiology department all received financial
support for tuition.

Recommendations
The participants offered several key recommendations for
colleagues considering pursuing formal HPE training. The first
focused on program structure, with encouragements for
colleagues to carefully evaluate the balance between virtual and
in-person formats, the flexibility of course sequence, and time
to degree completion; 3 (43%) recommended that individuals
seek programs associated with their home institution for optimal
flexibility. Regarding earning a formal HPE degree versus a
teaching certificate, the participants recommended that
individuals reflect on their motivation for pursuing additional
training. Exemplary questions would probe, “Why pursue further
education?” “What is the long-term goal?” “How will the
training be utilized personally and professionally?” “Is there
aspiration for an education leadership position that might be
enhanced and more likely achieved by the completion of an
HPE degree?”

Beyond career advancement, the participants highlighted that
a genuine interest in education itself was important to ensure
that the coursework is enjoyable. They suggested taking
advantage of workshops or shorter programs prior to HPE
enrollment to better understand whether pursuing further training
might be enjoyable. Many (6/8, 75%) participants noted that
having an HPE degree is not a prerequisite to being a talented
educator, but the knowledge obtained from an HPE degree can
be useful for learning methodologies for academic scholarship.
There were different opinions regarding how to manage time
commitments between work and HPE training. A common
theme was the importance of practicing self-compassion given
the time commitments and added stress of pursuing HPE
training.

Discussion

Principal Findings
This qualitative study explored opinions of anesthesiologist
educators who have completed formal HPE programs to provide

a resource for physicians considering similar degrees. Recurring
themes included outcomes on career, extrinsic and intrinsic
motivators, personal investment, experience of obtaining
formalized training, and recommendations. The participants
noted that formal HPE training prepared them for leadership
roles and to effectively engage in medical education scholarship.
Further, they noted that the degree attracted the attention of
other anesthesiology leaders seeking individuals for education
leadership roles. They reported significant time investment,
opportunity cost, and tension between personal and family
well-being while training. The participants had insightful advice
to guide anesthesiologists who are considering pursuing this
degree, including stepwise introduction into the field of medical
education, understanding motivations toward pursuing an
advanced degree, and the recognition that being an educator
and part of the medical education community does not
necessarily require an advanced education degree.

This study provides future anesthesiology education leaders
with guidance from several formal educators from around the
United States. Faculty at departments where there are no
anesthesiologists who have completed HPE training lack the
opportunity to gain insights from colleagues when considering
such training. Given the time and resources required to complete
the programs, this information may help these individuals
balance multiple personal and professional factors when
deciding whether to pursue formalized educational training.

We suspect that the recent increased interest of anesthesiologists
in pursuing HPE has emerged partly due to increasing ACGME
expectations for faculty to not only administer training programs
but also be educational innovators. Twenty-first century program
directors must be capable of designing and implementing
curricula while evaluating trainees using novel tools. Most
medical school or anesthesiology residency programs do not
equip physicians with expertise in learning theory, curriculum
design, or evaluation and assessment [18]. HPE programs help
faculty grow professionally, acquire knowledge, and join a
community of like-minded individuals [19]. Further, these
programs increase the quality of educational research by both
subjective and objective measures [20]. Given the potential
benefits to faculty and to anesthesiology trainees, the
experiences gathered via the interviewees offer insights, caution,
and encouragement for those considering HPE training. These
themes may be particularly useful for those who lack
institutional mentorship in 1 of the more than 160 anesthesiology
residencies in the United States alone.

Limitations
There were several limitations to this study. Given that this was
a homogenous group sample, there is potential for sampling
bias. In order to minimize bias, we sought anesthesiologists
from different subspecialties, genders, and races. Further bias
mitigation strategies included using 2 investigators who
independently analyzed the interview transcripts and member
checking after the analysis [13]. When considering gathering
quantitative survey data from a larger cohort of anesthesiologists
compared to this smaller sample of in-depth interviews, we
chose the latter in order to gain deeper insight into each
individual participant’s experience. A national survey of
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physicians with HPE degrees will further enrich the themes
presented and is an area of future research. Further, the
participants represented large academic medical centers, and
the applicability of their experiences to medium or smaller sized
anesthesiology departments or private practice groups is unclear.
Lastly, since all participants completed their HPE programs in
the past, recall bias may play a role in the answers the
participants provided throughout the interviews.

Conclusion
Our work offers insights from anesthesiology educators who
have completed formal HPE training programs and can serve
as a starting point for conversations for anesthesiologists who
are considering pursuing similar programs. Future inquiries
include larger survey data as well as longitudinal studies to
observe career trajectories of individuals who pursued HPE
degrees. The results support the benefits of HPE degrees for
those who seek careers in medical education, especially those
dedicated to pursuing careers in education leadership and
scholarship.
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Abstract

Background: Similar to understanding how blood pressure is measured by a sphygmomanometer, physicians will soon have
to understand how an artificial intelligence–based application has come to the conclusion that a patient has hypertension, diabetes,
or cancer. Although there are an increasing number of use cases where artificial intelligence is or can be applied to improve
medical outcomes, the extent to which medical doctors and students are ready to work and leverage this paradigm is unclear.

Objective: This research aims to capture medical students’ and doctors’ level of familiarity toward artificial intelligence in
medicine as well as their challenges, barriers, and potential risks linked to the democratization of this new paradigm.

Methods: A web-based questionnaire comprising five dimensions—demographics, concepts and definitions, training and
education, implementation, and risks—was systematically designed from a literature search. It was completed by 207 participants
in total, of which 105 (50.7%) medical doctors and 102 (49.3%) medical students trained in all continents, with most of them in
Europe, the Middle East, Asia, and North America.

Results: The results revealed no significant difference in the familiarity of artificial intelligence between medical doctors and
students (P=.91), except that medical students perceived artificial intelligence in medicine to lead to higher risks for patients and
the field of medicine in general (P<.001). We also identified a rather low level of familiarity with artificial intelligence (medical
students=2.11/5; medical doctors=2.06/5) as well as a low attendance to education or training. Only 2.9% (3/105) of medical
doctors attended a course on artificial intelligence within the previous year, compared with 9.8% (10/102) of medical students.
The complexity of the field of medicine was considered one of the biggest challenges (medical doctors=3.5/5; medical
students=3.8/5), whereas the reduction of physicians’skills was the most important risk (medical doctors=3.3; medical students=3.6;
P=.03).

Conclusions: The question is not whether artificial intelligence will be used in medicine, but when it will become a standard
practice for optimizing health care. The low level of familiarity with artificial intelligence identified in this study calls for the
implementation of specific education and training in medical schools and hospitals to ensure that medical professionals can
leverage this new paradigm and improve health outcomes.

(JMIR Med Educ 2022;8(2):e34973)   doi:10.2196/34973

KEYWORDS

artificial intelligence in medicine; health care; questionnaire; medical doctors; medical students

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34973 | p.87https://mededu.jmir.org/2022/2/e34973
(page number not for citation purposes)

Boillat et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

mailto:Thomas.boillat@mbru.ac.ae
http://dx.doi.org/10.2196/34973
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Both public news and scientific articles widely argue that
artificial intelligence will eventually disrupt medicine and the
way physicians and medical professionals will be practicing in
the future [1,2]. There has been impactful research that
demonstrates the potential of artificial intelligence in medicine
(AIM), for instance, to classify images such as x-rays [3].
Artificial intelligence is being evaluated not only for image
processing and analysis but also for prognosis [4-6], treatment
[7-9], and patient monitoring [10,11] among other uses. In
addition, artificial intelligence algorithms have also been
implemented in many consumer health products such as
wearables and mobile devices [12]. From a medical perspective,
it means that artificial intelligence–based algorithms are already
giving recommendations to both patients and physicians and
taking decisions on their behalf. It is therefore critical that
physicians understand how this approach works and for software
vendors and hospitals to identify what physician needs are to
facilitate its implementation. So far, the evidence has not been
very reassuring. When asked, “How familiar are you with
artificial intelligence?” only 6% (out of a sample of 669
participants) of physicians and physicians in training in Seoul
answered positively [13]. In another recent study, French
medical experts reported that artificial intelligence is a “fuzzy
notion” [2]. To evaluate the amount of empirical evidence
collected regarding medical doctors’ (MDs) and medical
students’ (MSs) level of understanding toward AIM, we
conducted a systematic literature research. Of the 96 articles
collected from Scopus, we identified only 9 (9%) studies
(Multimedia Appendix 1 [2,11,13-19]) that surveyed medical
professionals, the other ones being either out of scope or
literature reviews. From existing empirical research, we
identified the following. First, most studies surveyed medical
professionals from either 1 university or 1 country. Second,
one-third of the studies focused on the use of artificial
intelligence in radiology. Third, none of the existing studies
aimed to assess the level of understanding toward AIM.

Objectives
Owing to the importance of the topic, with this research, we
intend to close this gap by surveying MDs and MSs from around
the world on AIM topics that are the most discussed in the
current literature. On the basis of the literature search, our
questionnaire comprises the following sections: (1) the level of
familiarity with AIM, (2) education and training related to AIM,
(3) challenges and barriers linked to the implementation of
artificial intelligence in clinical settings, and (4) risks linked to
AIM.

Methods

Data were collected by means of a web-based questionnaire
built following the guidelines developed by Burgess [20] as
well as the 7-step process by Fowler [21].

Step 1—Define Your Research Aims
On the basis of the existing literature, we identified limited
empirical data regarding MSs’ and physicians’ level of
understanding toward AIM, their participation to AIM education,
and challenges and barriers related to AIM implementation as
well as potential risks linked to the democratization of AIM in
clinical settings.

Step 2—Identify the Population and Sample
We were particularly interested in comparing MSs as a
population (eg, aged 18-25 years) who has grown with
technology and practicing physicians (eg, aged 30-60 years)
who have clinical experience but might have been less exposed
to technology. Mindful that the place of study and employment
has a direct link with the knowledge and expertise that one
acquires, we targeted the 6 continents to have a broad
representation of the population under investigation. Participants
were recruited by means of individual emails and posts from
the authors’ (TB, FAN, and HR) LinkedIn and Twitter profile
feeds. This technique was used to avoid having participants
from the same medical schools or hospitals, potentially having
received the same education or training and thus creating biases
in the data. To detect potential biases, we used the graduation
year and name of the university to identify participants from
the same cohort. When we found participants from the same
school and graduation year, we randomly chose 5 of them. On
the basis of the goal of this research, which investigates
differences between two independent populations, MDs and
MSs, our data sample should not be smaller than 176. This
number was calculated based on a medium effect size (Cohen
d) of 0.5, referring to limited existing empirical evidence [22].
Power was set to 0.95 with an allocation ratio of 1.

Step 3—Decide How to Collect Replies
Data were centralized in the university’s platform after being
collected by means of web-based questionnaire (Microsoft
Forms).

Step 4—Design Your Questionnaire
From our review of previous work, we identified that none of
the existing questionnaires were built following a systematic
approach. In most studies, AIM factors were chosen based on
research motivation. To systematically cover the most relevant
AIM factors, we conducted a systematic literature search
following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [23]. To
this end, we performed a title and keyword search on the Scopus
database using the keywords “artificial intelligence” AND
medicine OR “machine learning” AND medicine as well as
“artificial intelligence” AND healthcare OR “machine
learning” AND healthcare. We did not perform an abstract
search because of the abundance of unrelated articles. The search
resulted in 837 papers. After being reviewed by 2 independent
researchers for consistency, 9.3% (78/837) of the studies were
retained for our qualitative analysis; of the 78 studies, only 9
(12%) used questionnaires. In total, 244 sections and 405
subsections were extracted. The latter were clustered by 2
independent researchers based on their similarity. From the 11
clusters, we created four different groups: (1) concepts and
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definitions, (2) training and education, (3) implementation, and
(4) risks. A 5-point Likert scale was used for most questions,
and drop-down menus were used for questions requiring
categorical answers. More specifically, questions in the concepts
and definitions factor displayed the following scales: (1) I have
never heard of it, (2) I have heard of it a few times, (3) I
understand it, (4) I can potentially explain it, and (5) I can
confidently explain it. We defined the AIM’s level of familiarity
by calculating the mean across the different factors (questions
1.1-1.10 of Table 1). Questions in the training and education

factor displayed the following scales: (1) strongly disagree, (2)
disagree, (3) neutral, (4) agree, and (5) strongly agree. Questions
in the implementation and risks factors displayed a scale similar
to that in the training and education factors, but with an added
option (0), I do not know. Finally, the clinical experience (only
MDs) was derived from each age group as follows: 20 to 29
years=1, 30 to 39 years=2, 40 to 49 years=3, 50 to 59 years=4,
and 60 to 69 years=5. The questionnaire can be accessed via
Multimedia Appendix 2.
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Table 1. Mean (SD) and P value for each factor.

P valueMSb, mean (SD)MDa, mean (SD)Factors

1. Familiarity with AIMc

.243.3 (1.0)3.1 (1.0)AId1.1

.462.8 (1.2)2.7 (1.1)MLe1.2

.772.1 (1.2)2.0 (1.2)Supervised ML1.3

.872.0 (1.2)1.9 (1.1)Unsupervised ML1.4

.182.4 (1.2)2.2 (1.1)Deep learning1.5

.142.5 (1.2)2.2 (1.1)Neural networks1.6

.481.5 (0.9)1.6 (0.9)Fuzzy logic1.7

.371.4 (0.8)1.5 (0.9)Support vector machine1.8

.831.5 (1.0)1.6 (1.1)Overfitting or underfitting1.9

.641.8 (1.1)1.7 (1.1)Feature selection1.10

2. Education and training

.006f1.98 (1.5)1.4 (1.0)Last time an AIM course was attended2.1

.084.3 (0.8)4.0 (1.0)Better understand the main concepts of artificial intelligence2.2

.364.2 (0.9)4.1 (1.1)Explore the opportunities offered by artificial intelligence in general2.3

.144.3 (0.8)4.1 (1.1)Explore the opportunities offered by AIM and your field2.4

.234.0 (0.9)3.8 (1.1)Know more of existing commercial solutions2.5

.403.7 (1.1)3.8 (1.1)Create my own artificial intelligence algorithm or applications2.6

3. Challenges to AIM’s implementation

.672.9 (1.7)2.8 (1.7)Outcomes of artificial intelligence algorithms are difficult to trace or understand
(the black box syndrome)

3.1

.123.8 (1.3)3.5 (1.5)The complexity of the field of medicine3.2

.753.3 (1.7)3.7 (1.4)The availability of high-quality data samples4.3

.963.7 (1.4)3.7 (1.4)The artificial intelligence’s level of autonomy (what artificial intelligence should
and should not do)

3.4

.163.75 (1.4)3.4 (1.6)The costs associated with the implementation of artificial intelligence3.5

.793.7 (1.5)3.7 (1.5)Data privacy or confidentiality3.6

4. Barriers to AIM’s implementation

.133.3 (1.7)3.7 (1.4)The availability of comparison studies4.1

.934.0 (1.4)3.9 (1.3)The safe use of artificial intelligence4.2

.883.7 (1.5)3.7 (1.5)Build trust between humans and artificial intelligence4.3

.753.8 (1.6)3.7 (1.6)Availability of regulations and legislation4.4

.453.6 (1.6)3.8 (1.5)The top management’s level of understanding4.5

5. Risks linked to AIM’s implementation

.123.5 (1.1)3.3 (1.2)Dehumanization of health care5.1

.03f3.6 (1.0)3.3 (1.2)Reduction in physicians’ skills (eg, physicians might execute fewer types of tasks)5.2

<.001f2.8 (1.0)2.3 (0.9)Artificial intelligence will eventually harm patients5.3

.008f3.0 (1.1)2.6 (1.1)Physicians may become redundant5.4

aMD: medical doctor.
bMS: medical student.
cAIM: artificial intelligence in medicine.
dAI: artificial intelligence.
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eML: machine learning.
fSignificant difference.

Step 5—Run a Pilot Survey
The questionnaire was completed by 15 MSs and 17 physicians
from six different regions (Asia, Oceania, North America, the
Middle East, Europe, and Eastern Europe). Cronbach α
coefficient values of internal reliability reached .85, above the
accepted .70 threshold [24]. When unpacked, the four
quantitative parts (ie, concepts and definitions, training and
education, implementation, and risks) respectively reached the
following coefficient of internal reliability: (1) .91, (2) .94, (3)
.81, and (4) .81. We used principal component analysis to
examine the factor structure of the questionnaire.
Kaiser-Meyer-Olkin (KMO) factor adequacy showed no
correlation across the four factors (concepts and definitions,
training and education, implementation, and risks). However,
we did find the following correlations: (1) KMO=0.72, (2)
KMO=0.75, (3) KMO=0.58, and (4) KMO=0.62. Following
Kaiser and Rice [25], values above 0.5 are considered
acceptable.

Step 6—Conduct the Main Survey
Participants used the link displayed in LinkedIn and Twitter
posts to open the questionnaire. The landing page displayed the
consent form including the objective and nature of the research,
the risks and benefits, compensation and costs, confidentiality,
participation (including rights to withdraw), contact information,
and instruction. Only after choosing “I accept,” were the
participants redirected to the questionnaire. The recruitment
and questionnaire were open from August to December 2020.

Step 7—Data Analysis
We used descriptive statistics to describe and compare the
demographics as well as the distributions of MDs and MSs
within the four different factors (concepts and definitions,
training and education, implementation, and risks). We then
tested the descriptive statistics between MDs and MSs for

significant differences using unpaired 2-tailed t tests (95% CI).
We also built a linear regression model to explore factors
associated with the risks brought by AIM (the risks factor).
P<.05 is considered statistically significant. The outlined
methods were carried out in accordance with relevant guidelines
and regulations. We relied on the required functionality of our
survey tool to ensure that participants did not miss any questions.
As a result, no missing data were observed.

Ethics Approval
This study was approved by the Mohammed Rashid University
of Medicine and Health Sciences’ Institutional Review Board
Committee under MBRU-IRB-2020-024, and informed consent
was obtained from all participants. The CHERRIES (Checklist
for Reporting the Results of Internet E-Surveys) for the
distributed survey is included as Multimedia Appendix 3 [26].

Results

Demographics
A total of 207 completed questionnaires were received. Among
these 207 questionnaires, 105 (50.7%) were practicing
physicians holding a medical degree and 102 (49.3%) were
MSs. The repartition between men and women is somewhat
even, as shown in Table 2. Although most of the participants
were based in the Middle East (100/207, 48.3%), only 24.3%
(51/207) of them were trained or are receiving their medical
education in the Middle East (the list of institutions is available
in Multimedia Appendix 4). Europe and Asia followed, with
24.8% (52/207) of the participants having received or are
receiving their education in Europe and 15.8% (33/207) in Asia,
whereas 17.4% (36/207) of the participants were based in
Europe and 18.8% (39/207) in Asia. The distribution of
participants can be found in Multimedia Appendix 4. The
average time to complete the questionnaire was 12 minutes.
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Table 2. Participants’ demographics (N=207).

Total, n (%)MSb, n (%)MDa, n (%)Demographics

207 (100.0)102 (49.9)105 (50.1)Participants

Sex

105 (50.1)43 (40.9)62 (59.1)Men

102 (49.9)59 (57.9)43 (42.1)Women

Age (years)

19 (9.2)19 (18.6)0 (0)<20

100 (48.3)82 (80.4)18 (17.1)20-29

28 (13.3)1 (0.9)27 (25.7)30-39

26 (12.6)0 (0)26 (24.8)40-49

26 (12.6)0 (0)26 (24.8)50-59

8 (3.9)0 (0)8 (7.6)60-69

0 (0)0 (0)0 (0)>70

Where the highest medical degree was obtained

33 (15.9)19 (18.6)14 (13.3)Asia

7 (3.4)3 (2.9)4 (3.8)Africa

0 (0)0 (0)0 (0)Central America

21 (10.1)10 (9.8)11 (10.5)North America

1 (0.5)0 (0)1 (0.9)South America

52 (25.1)23 (22.6)29 (27.6)Europe

1 (0.5)1 (0.9)0 (0)Eastern Europe

51 (24.6)42 (41.2)9 (8.6)Middle East

3 (1.4)2 (1.9)1 (0.9)Oceania

Where the participants are based

39 (18.8)24 (23.5)15 (14.3)Asia

5 (2.4)4 (3.9)1 (0.9)Africa

2 (0.9)0 (0)2 (1.9)Central America

20 (9)9 (8)11 (10)North America

0 (0)0 (0)0 (0)South America

36 (17.4)21 (20.6)15 (14.1)Europe

1 (0.5)1 (0.9)0 (0)Eastern Europe

100 (48.3)41 (40.2)59 (56.2)Middle East

4 (1.9)2 (1.9)2 (1.9)Oceania

aMD: medical doctor.
bMS: medical student.

Main Outcomes
As shown in Table 1, artificial intelligence (1.1) is the only
concept that most participants understand with a mean of 3.27
(SD 1) for MSs and 3.11 (SD 1) for MDs. It is followed by
machine learning (1.2), neural networks (1.6), and deep learning
(1.5). Supervised and unsupervised machine learning (1.3 and
1.4), which are two concepts widely used in medicine, did not
score very high.

The concept of overfitting and underfitting (1.9), which is one
of the core principles in artificial intelligence, obtained among
the lowest scores. In addition to questions 1.7, 1.8, and 1.9, MSs
showed a better level of understanding than MDs as displayed
in Figure 1. However, statistical comparisons between the 2
populations revealed no significant difference across the
artificial intelligence concepts, as shown in Table 1.

We asked, “When was the last time you attended a course on
AIM?” (2.1), a large majority of both MDs and MSs have never
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attended a course on AIM, whereas slightly more MSs have
done so this year (ie, in 2020) or last year (Figure 2). Tests of

statistical significance showed a difference between the 2
populations as shown in Table 1.

Figure 1. Familiarity with artificial intelligence in medicine (AIM)—comparison between medical doctor (MD) and medical student (MS; y-axis:
means and SDs). ML: machine learning.

Figure 2. Last time that medical doctor (MD) and medical student (MS) attended a course on artificial intelligence in medicine (AIM; y-axis: percentages).

For both MDs and MSs, the priority is to further explore
opportunities offered by artificial intelligence in their own field
and in general and to better understand the main concept of
artificial intelligence. Despite MDs having clinical expertise
and, thus, a better idea of potential opportunity, there was no
significant difference with MSs. However, the fact that MDs
are more eager to learn how to create their own artificial
intelligence algorithms or applications might confirm that they
see more clinical potential than MSs, as displayed in Figure 3.

From an MD perspective, challenges linked to data privacy and
confidentiality are the biggest challenges, followed by the
availability of high-quality data samples and the artificial
intelligence’s level of autonomy, as shown in Figure 4. From
an MS viewpoint, the complexity of the field of medicine is the
biggest challenge, which could be explained by their limited
expertise and clinical exposure. This is followed by the cost
associated with the implementation of artificial intelligence as
well as the artificial intelligence’s level of autonomy and
challenges related to data privacy and confidentiality. Challenges
caused by the black box syndrome drew the least attention.

There was no statistical difference between MDs and MSs across
the different challenges.

In addition to challenges linked to the implementation of AIM,
we also identified in the literature some barriers that can prevent
the implementation of AIM, as displayed in Figure 5. From both
the MD and MS perspectives, the safe use of artificial
intelligence is the most important, followed by the availability
of regulations and legislation as well as trust that must be built
between human and artificial intelligence. The top
management’s level of understanding is the only one that MDs
rated higher than MSs. For these factors, too, we did not find a
significant difference between MDs and MSs.

Among the risks linked to the use of artificial intelligence in
clinical settings, the potential reduction in physicians’ skills
was rated the highest by both MDs and MSs, as shown in Figure
6. With a score of 3.29 and 3.62, given by MDs and MSs,
respectively, the test for statistical difference was significantly
positive. The second highest score went to the risk linked to the
dehumanization of health care with 3.27 for MDs and 3.52 for
MSs. MSs are also more concerned than MDs that physicians
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may become redundant and that artificial intelligence will
eventually harm patients, and both showed statistical differences
between the 2 groups (P=.008 and P<.001, respectively).

The questionnaire ended with the following question: Can you
imagine working with an artificial intelligence algorithm as a
colleague? Most participants answered “yes” as shown in Figure
7.

We were interested to know more about the underlying reasons
behind this choice and thus asked the participants to motivate
their answer. Textbox 1 presents the extract of the collected
responses.

We were interested in investigating the relationships between
the level of familiarity with AIM, clinical experience, and the

perception of risks. As shown in Table 3, there are significant
negative correlations between the level of familiarity with AIM
and the risk of dehumanization of health care, reduction in
physicians’ skills, and risk that physicians may become
redundant. In other words, the more MDs and MSs know about
AIM, the less they perceive these factors as risks. No significant
difference was identified between the level of AIM familiarity
and the risk to eventually harm patients. Similarly, there are
significant negative correlations between clinical experience
and the risk that artificial intelligence will eventually harm
patients and that physicians become redundant. No significant
difference was identified with the risk that artificial intelligence
will dehumanize health care or reduce physicians’ skills.

Figure 3. Reasons to attend a course on artificial intelligence in medicine (AIM)—comparison between medical doctor (MD) and medical student
(MS; y-axis: means and SDs).

Figure 4. Challenges to artificial intelligence in medicine’s (AIM) implementation—comparison between medical doctor (MD) and medical student
(MS; y-axis: means and SDs).
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Figure 5. Barriers to artificial intelligence in medicine’s (AIM) implementation—comparison between medical doctor (MD) and medical student (MS;
y-axis: means and SDs).

Figure 6. Risks linked to artificial intelligence in medicine’s (AIM) implementation—comparison between medical doctor (MD) and medical student
(MS; y-axis: means and SDs).
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Figure 7. Working with an artificial intelligence (AI) algorithm—results (y-axis: percentages).

Textbox 1. Why could you (not) work with artificial intelligence as a colleague? Answers from participants.

Yes

• “That is the future - safer, secure, less emotionally driven, more reliable.”

• “Ease the work, accurate diagnosis, improve patient care and reduce workload.”

• “It would be very efficient and helpful as information will be processed and delivered instantly with less room for error.”

• “Because an artificial intelligence will help in reducing the human errors such as near misses or misdiagnosis. It will learn the more it sees and
will adapt to the patient presentation just as we medical students do.”

• “The speed of development is exponential and the current status is quite impressive.”

No

• “Physicians are being undermined and eventually replaced by mid-level providers and artificial intelligence.”

• “Because although we already deal with ‘algorithms’ that have the potential to become artificial intelligence algorithms in our academic learning.
I have not encountered many physicians who adopt that way of linear thinking in their practice. To them, intuition plays a bigger role in clinical
judgment.”

• “I think artificial intelligence should only be bossed around and not seen as a colleague who can think by himself because artificial intelligence
cannot have moral or emotional values from itself but from a human boss who manages or controls it.”

• “Artificial intelligence is OK for hypothesis generation, e.g., suggesting rare diagnoses which may be missed, but cannot replace the dynamic
interaction with knowledgeable colleagues.”

• “I don’t think artificial intelligence will be able to communicate like my colleagues in my lifetime.”
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Table 3. Factors associated with AIMa risks (significance level P>.05).

P valuet test (df)Estimate (SE; SD)Associated factors

Dehumanization of health care

.004b−2.91 (205)−0.28393 (0.09757; 1.146)Familiarity with AIM

.16−1.415 (205)−0.08585 (0.0608; 1.164)Clinical experience

Reduction in physicians’ skills

.003b−2.98 (205)−0.27568 (0.09252; 1.087)Familiarity with AIM

.08−1.772 (205)−0.10175 (0.05743; 1.102)Clinical experience

Artificial intelligence will eventually harm patients

.24−1.171 (205)−0.0949 (0.08102; 0.952)Familiarity with AIM

.009b−2.618 (205)−0.12819 (0.04897; 0.940)Clinical experience

Physicians may become redundant

.28b−2.21 (205)−0.21163 (0.09575; 1.125)Familiarity with AIM

.01b−2.483 (205)−0.14515 (0.05846; 1.122)Clinical experience

aAIM: artificial intelligence in medicine.
bSignificant difference.

Discussion

Principal Findings
This research focused on assessing the level of understanding
of AIM of MDs and MSs by means of a web-based
questionnaire. It aims to complement the limited number of
empirical studies on this key topic. When asked about artificial
intelligence fundamentals, the participants provided somehow
inconsistent answers. If most MDs and MSs understand artificial
intelligence as a concept, it is unclear why they have only heard
of overfitting and underfitting a few times, although these 2
concepts are key to understanding the outcomes of an artificial
intelligence algorithm and their impact [27]. Similarly, the
concepts of supervised and unsupervised algorithms did not
reach a high level of familiarity for either MDs or MSs, whereas
deep learning and neural networks, the 2 most used types of
algorithms in supervised settings, received a higher score.

It was reassuring to find a strong positive correlation between
deep learning (1.5) and overfitting or underfitting (1.9) as well
as between neural networks (1.6) and overfitting or underfitting.
This means that those who have a good level of understanding
of deep learning and natural networks also have a good
understanding of overfitting or underfitting. When analyzed at
an aggregated level (questions 1.1–1.10), our results did not
reveal any significant difference between MDs and MSs, which
was unexpected because of the high level of curiosity of the
younger population when it comes to technology and innovation.
Globally, this low level of familiarity with artificial intelligence
is not surprising when looking at the low number of MDs or
MSs who had attended a course on artificial intelligence (Figure
2). Our analysis also showed that participants who attended a
course on artificial intelligence have a statistically significant
level of familiarity with artificial intelligence (P<.001).
According to a recent study, a large majority of MSs argued
that artificial intelligence should be part of medical training

[17], although very few medical schools offer such programs
[28].

When it came to the challenges linked to the implementation
of AIM, we did not expect to observe a statistically significant
difference between the 2 groups. We expected that clinical
experience and an understanding of clinic organization would
play a role in evaluating potential challenges. It can also be
explained by the low level of artificial intelligence familiarity,
which can limit MDs in understanding where AIM could bring
new opportunities. It was also not expected that the black box
syndrome would not be perceived as a bigger challenge
(MDs=2.82; MSs=2.92). Such a lack of transparency is exactly
what medicine does not want to see and has been identified as
high risk by many scholars and practitioners [29-33]. These
results also contradict the high importance that both MDs and
MSs put in building trust between artificial intelligence and
humans, which is very challenging owing to the lack of
algorithms’ transparency. Both the MDs and MSs also showed
concerns with the safe use of artificial intelligence and the
existence of regulations and legislation. Some efforts are being
made with, for instance, the Proposed Regulatory Framework
for Modifications to Artificial Intelligence/Machine
Learning-Based Software as a Medical Device. The draft of
this document, published by the US Food and Drug
Administration, seeks feedback from experts [34]. It was also
very interesting to discover that MSs are genuinely more risk
averse than MDs. They fear that artificial intelligence might
reduce physicians’ skills, eventually harm patients, and make
physicians redundant. These results can be partially explained
by the correlation between risks and years of experience. As
shown in Table 3, the more time spent in clinics, the lower the
perceived risks caused by artificial intelligence. When analyzing
the reasons why MDs and MSs could be willing to work with
artificial intelligence as a colleague, it appears that the
opportunities offered by artificial intelligence to improve patient
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care and reduce human errors are the most prevalent.
Conversely, participants who said that they could not work with
an artificial intelligence algorithm did not necessarily disagree
with using artificial intelligence but rather with seeing artificial
intelligence as a colleague, as they argued that technology can
have neither the same emotion as humans nor the same way of
thinking and interaction.

Limitations
Some limitations with our research and its data sample in
particular should be considered. First, our recruitment technique
limited the reach of the questionnaire to participants as part of
the network of the authors. Consequently, some regions of the
world are underrepresented. In addition, it did not allow us to
systematically calculate the response rate. Second, although the
sample size was statistically sufficient for our research goals,
it did not allow us to further investigate the differences across
variables such as regions, age groups, education (eg,
undergraduate programs vs postgraduate programs), or medical
specializations.

Comparison With Previous Work
This research differentiates itself from existing studies [8,17,35]
through its approach and the diversity of its data sample. By
building our questionnaire based on a literature search, we
ensured that the most common AIM topics are included in our
questionnaire. This approach is unique among similar studies
that rather selected their AIM scope based on unknown criteria.
As a result, our questionnaire is also more specific compared
with existing research. For instance, in their study, Oh et al [13]
asked, “Do you agree that you have good familiarity with
artificial intelligence? [Strongly] agree, neutral, [strongly]
disagree.” Instead, we decoupled the same question in 10
specific subtopics from machine learning to deep learning. In
addition to a thinner abstraction level, it allowed us to identify
some inconsistencies in some answers where some participants
were supposedly able to confidently explain machine learning,
but they had never heard of unsupervised algorithms, which is
very unlikely. In addition, unlike most of existing work, we
combined quantitative with qualitative data, which allowed us
to know the why. When it comes to our data sample, its
characteristics are also unique. Most specifically, our data
sample is more diverse than those in existing research, with
participants having studied (or studying) in 128 different
universities across 6 continents. In contrast, in a study by Santos
et al [17], the 263 answers were collected from 3 universities
only. The likelihood that participants received the same
education is rather high, bringing potential biases in the data.
For these reasons, we argue that our data sample and this
research provide a relevant representation of the population.

Practical Implications
Although more and more medical applications embed artificial
intelligence–based algorithms or agents, it is key for software
developers to consider the physicians’ low level of familiarity
toward artificial intelligence. When a radiologist asks a
colleague his or her opinion about a patient’s x-ray, for instance,
it is assumed that both went to medical schools and are
physicians and had gone through a specific radiology training,

regardless of where they come from. However, when the
colleague is an artificial intelligence algorithm, things change
drastically. In order for physicians to leverage the use of
artificial intelligence–based applications, we argue that software
developers should consider the following elements:

• Provide general information on how the artificial
intelligence–based algorithm or software was built. Some
topics would include information about the process as well
as the types of data used and the amount of data used during
the training and testing phases. It will allow physicians to
gain understanding and trust.

• Integrate different user (physician) profiles with a dynamic
level of guidance, according to the level of familiarity
toward artificial intelligence. A physician with a low level
of familiarity will require more information about the
process by which the software treats the data. In contrast,
a physician who is familiar with the topic only requires key
information such as the confidence level.

• Describe the path that has led to each outcome or decision
along with the level of confidence. It will allow the
physician to understand the reasoning and the extent to
which the outcome can supports his or her decision.

• Let the physician take the final decision, although the
software provides the impact of this decision from a medical
perspective. The documentation of the decision will then
be used to improve the algorithm’s accuracy.

Conclusions
On the basis of the number of current clinical trials leveraging
artificial intelligence [36], the question is not whether artificial
intelligence will be implemented in clinical settings but rather
when it will become a standard in health care optimization. In
the near future, practicing physicians will need to be equipped
with the appropriate knowledge and skills to determine whether
the artificial intelligence–based suggested diagnosis or treatment
is appropriate. Thus, it is critical that physicians have a good
understanding of the key concepts behind artificial intelligence.
We believe that changes should first come from medical schools
that should integrate AIM into their curriculum to both explain
the origins and fundamentals of AIM and integrate AIM research
throughout clinical topics from pathology to surgery, internal
medicine, emergency medicine, and psychiatry, to name a few.
By examining the individual components of AIM, our study
informs existing research that highlights the needs to define
what AIM content should be taught in undergraduate medical
education [37]. This, in turn, requires university faculty to train
and adapt their teaching material to this dynamic paradigm. By
educating the physicians of tomorrow, they will act as drivers
of change in their future placements.

At the same time, hospitals and clinics must emphasize on the
importance of AIM and provide mandatory training for their
medical professionals by means of continuing medical education
or continuing professional development. To standardize and
encourage both medical schools and hospitals to train their
(future) physicians, governments can also play a key role by
providing clear regulations, guidelines, and resources. Some
countries such as the United Arab Emirates have already
implemented national programs [38] to help all sectors integrate
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and regulate artificial intelligence. Therefore, we foresee future
research focusing on assessing the outcomes of existing
interventions (eg, lectures, modules, and training programs) in
view of supporting medical schools, hospitals, and governments

with the implementation of educational programs toward
equipping medical professionals with relevant artificial
intelligence skills.
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Abstract

Background: The benefits of near-peer learning are well established in several aspects of undergraduate medical education
including preparing students for Objective Structured Clinical Examinations (OSCEs). The COVID-19 pandemic has resulted in
a paradigm shift to predominantly online teaching.

Objective: This study aims to demonstrate the feasibility and benefits of an exclusively online near-peer OSCE teaching program
in a time of significant face-to-face and senior-led teaching shortage.

Methods: A teaching program was delivered to penultimate-year students by final-year students at Manchester Medical School.
Program development involved compiling a list of salient topics and seeking senior faculty approval. Teachers and students were
recruited on Facebook. In total, 22 sessions and 42 talks were attended by 72 students and taught by 13 teachers over a 3-month
period. Data collection involved anonymous weekly questionnaires and 2 separate anonymous student and teacher postcourse
questionnaires including both quantitative and qualitative components.

Results: On a scale of 1-10, students rated the quality of the program highly (mean 9.30, SD 1.15) and felt the sessions were
highly useful in guiding their revision (mean 8.95, SD 0.94). There was a significant increase in perceived confidence ratings
after delivery of the program (P<.001). Teachers felt the program helped them better understand and retain the subject material
taught (mean 9.36, SD 0.81) and develop skills to become effective clinical teachers (mean 9.27, SD 0.79).

Conclusions: This is the first study demonstrating the efficacy of a near-peer OSCE teaching program delivered exclusively
online. This provides an exemplary framework for how similar programs should be encouraged given their efficacy and logistical
viability in supplementing the undergraduate curriculum.

(JMIR Med Educ 2022;8(2):e37872)   doi:10.2196/37872

KEYWORDS

near-peer teaching; peer-assisted learning; Objective Structured Clinical Examination; OSCE; online teaching; COVID-19;
medical education; learning; medical school; near-peer teacher; NPT; near-peer learner; NPL

Introduction

“Near-peer teaching” refers to a way of teaching where the
teacher is a trainee who is at least 1 year senior to the student
and on the same level of the medical education spectrum [1].
Advocates fundamentally claim that its effectiveness stems from
the social and cognitive congruence between near-peer learners
(NPLs) and near-peer teachers (NPTs) as they are of similar

ages, and therefore, share similar social roles (social congruence)
and knowledge base (cognitive congruence) [2]. This cognitive
congruence equips NPTs with unique insights and greater
appreciation of the knowledge held by NPLs, subsequently
enabling them to tailor the teaching to an appropriate level.

Near-peer teaching has grown in popularity in recent years
within medical schools as a means of supplementing the formal
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curriculum. This paradigm shift was perhaps to be expected,
given the sheer volume of literature advocating its benefits and
effectiveness. For instance, Rodrigues et al [3] report on the
efficacy of a near-peer teaching scheme delivered by junior
doctors to medical students in a randomized controlled trial.
The students ultimately made significantly fewer prescribing
errors than the control group. In line with the social congruence
theory, Leeper et al [4] argue that near-peer teaching creates a
safer learning environment whereby students are more open to
making mistakes and learning from them, while Topping [5]
proposes that NPTs serve as influential role models in a
phenomenon referred to as peer modeling. This helps students
navigate the “hidden curriculum”—a set of unwritten rules
students should follow to excel. The 19th century French
moralist Joseph Joubert famously stated, “to teach is to learn
twice,” eloquently conveying one of the key benefits of
near-peer teaching. Elaborating on this, a randomized trial by
Bargh and Schul [6] demonstrated that students who were asked
to study a text with the task of teaching other students about it
scored higher in an unexpected written test than those students
from the control group who were asked to study for a test on
their own. This suggests that teaching and its preceding
preparation serves as a powerful drive for learning in a way that
is distinct from preparing for an assessment. Others have taken
a more pragmatic approach in accounting for the popularity of
near-peer teaching, claiming it alleviates teaching pressures on
faculty as medical school class sizes grow with a rising demand
for doctors globally [7]. Therefore, it is reasonable to postulate
that such near-peer programs will continue to grow in popularity.

Since the World Health Organization declared COVID-19 a
global pandemic, widespread global lockdown restrictions
resulted in a shift to online learning and cancellation of most
face-to-face teaching and assessments [8]. Even prior to the
pandemic, online learning had become an increasingly valued
component of the undergraduate curriculum with multiple
studies highlighting its merits. For instance, a recent
meta-analysis found that online learning results in significantly
better knowledge and skills outcomes based on posttest scores
compared to traditional “offline” classroom teaching [9].
Another contemporaneous review of virtual teaching during the
pandemic reports on the value of peer learning in this setting
[10]. It highlights that peer learning reduces learner stress, helps
develop resilience, and provides a platform for critical thinking
and collaboration. Additional practical perceived benefits have
been reported by medical students during the pandemic,
including an absence of travel to attend sessions, flexibility to
learn at their own pace, and opportunities to ask questions

anonymously, subsequently encouraging wider engagement
[11]. Nevertheless, numerous shortcomings of online learning
have also been reported, including distraction from the physical
environment, participants speaking over each other, and less of
a perceived obligation to participate [12].

In this paper, I aim to outline how an online near-peer Objective
Structured Clinical Examination (OSCE) teaching program can
enhance the preparedness, knowledge, and skills of both the
student and the teacher. In doing so, I aim to demonstrate that
such endeavors are practical, reproducible, easy to implement,
and valuable adjuncts to the medical undergraduate curriculum.

Methods

Ethics Approval
Consultation with the University of Manchester’s ethics decision
tool [13] revealed that no formal external ethical approval was
required for this study. All administered questionnaires outlined
how the data gathered would be used and handled, followed by
an opportunity to consent to the terms.

Program Development and Delivery
Manchester Medical Society page facilitated advertisement of
the program to prospective NPTs and NPLs. NPTs expressing
interest were added to a group chat, while NPLs followed a link
to join a Facebook page. An instructional sheet was sent to all
the NPTs. It incorporated reminders to include disclaimers, keep
the presentations under 30 minutes, have them completed by a
particular date before being sent for quality assurance by the
head of clinical teaching, and include an OSCE practice scenario
at the end of their presentations to contextualize the taught
content. This ensured session standardization and OSCE
relevance.

The fourth-year syllabus at Manchester Medical School is split
into 2 distinct overarching themes: “families and children”
(F&C) and “mind and movement” (M&M). The programs,
therefore, consisted of 2 separate weekly, hour-long sessions
on Zoom, 1 for each theme. Each session was split into 2
separate 30-minute lessons delivered by 2 NPTs. A total of 42
talks were delivered over 3 months, covering a range of topics
within each theme (Table 1). Presentations were reviewed and
returned each weekend by the head of clinical teaching so that
timely revisions could be made. Formal approval of the teaching
program involved drafting a proposal and liaising with multiple
members of the senior faculty at Manchester Medical School.
Examples of 2 presentations can be seen in Multimedia
Appendices 1 and 2.
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Table 1. List of topics covered over the course of the program.

M&Mb topicsF&Ca topicsWeek number

Week 1 •• DeliriumDevelopmental milestones
• •Gynecology history taking and menorrhagia Mental state examination

Week 2 •• WeaknessBreast medicine: triple assessment
• •Pediatric examinations Loss of vision

Week 3 •• Pediatric history takingPsychiatric history taking
• •Common ear presentations and examination Dermatology: common presentations and their assessment

Week 4 •• Parkinson disease and examinationOncological emergencies
• •Infectious disease: a brief overview Osteoarthritis, rheumatoid arthritis, and hand examination

Week 5 •• PrescribingCancer red flags
• •Pediatric respiratory presentations and clinical assessment Stroke medicine

Week 6 •• Ethics and lawCervical health
• •HIV Gout

Week 7 •• VasculitisInfertility
• •Skin cancers Psychopharmacology

Week 8 •• FallsPregnant abdomen examination and complications in preg-
nancy • Common fractures

• Pediatric gastroenterology and abdominal examination

Week 9 •• Alcohol dependenceBleeding in early pregnancy
• •Ethics and law Pediatric orthopedics and examination

Week 10 •• DementiaSexually transmitted infections and PV discharge
• •Nonaccidental injury and safeguarding Cancelled

Week 11 •• SBARd handoverOSCEc example stations
•• OSCE example stationsCancelled

aF&C: families and children.
bM&M: mind and movement.
cOSCE: Objective Structured Clinical Examination.
dSBAR: Situation, Background, Assessment, Recommendation.

Feedback Questionnaires and Analysis
Anonymized weekly feedback questionnaires, 1 for the M&M
and 1 for the F&C theme, were distributed using Google Forms
following each session. This functioned as a means of tailoring
future sessions toward the needs and wishes of the NPLs.

In addition, 2 separate postcourse questionnaires were
distributed to NPLs and NPTs at the end of the program
(Multimedia Appendices 3 and 4). The NPL postcourse
questionnaire covered a range of questions relating to the
perceived overall quality of the sessions, usefulness of the
program, usefulness in guiding revision, confidence ratings
prior to and after the program (out of 10), and the likelihood of
organizing a similar teaching program. A free-text section
allowed NPLs to relay any positive comments and advice for
future improvement. The NPT postcourse evaluative
questionnaire comprised of multiple statements with which the
NPTs indicated their level of agreement on a 10-point Likert
scale. They included topics relating to enjoyment of the program,
its effect on teaching skills, and its benefits for teacher learning.

The questionnaire concluded with 2 free-text sections inquiring
about the greatest perceived benefit of engaging in the program
and providing space for further comments.

A paired 2-tailed t test analysis compared confidence ratings of
NPLs prior to and after the course. The remaining items in the
NPL and NPT postcourse questionnaires were analyzed by mean
and SD.

Two NPTs conducted qualitative analysis of the free-text
sections in the NPL and NPT postcourse questionnaires. This
involved identifying and agreeing on common themes and
categorizing each response appropriately.

Results

Program Development and Delivery
The 22 sessions (11 for F&C and M&M each) were attended
by a total of 72 different NPLs and taught by 13 NPTs. The
F&C weekly session attendance ranged from 8-26 NPLs (mean
14.64, SD 4.41). The M&M weekly session attendance ranged
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from 11-26 NPLs (mean 14.45, SD 4.63). Overall weekly
attendance across the 2 themes ranged from 21-49 NPLs (mean
29.09, SD 8.64).

Feedback Questionnaires and Analysis
In total, 37 NPL postcourse evaluative questionnaires were
completed equating to a 51.39% feedback response rate. A
paired 2-tailed t test analysis demonstrated a statistically
significant increase in mean confidence ratings following
delivery of the program (t36=–13.71, P<.001). Quality of
teaching, usefulness of the OSCE scenarios, and usefulness in
guiding revision were all rated highly (Table 2).

There was considerable variation in likelihood of organizing a
similar program, with the majority taking a neutral stance
(n=23), and the remaining indicating it is either somewhat likely
or very likely (n=13), or it is somewhat unlikely (n=1). Of 37
students, 23 (62.16%) left comments in the free-text sections.
Qualitative analysis revealed 8 broad themes with some overlap
(Table 3).

Of 13 NPTs, 11 (84.62%) completed the NPT postcourse
questionnaire. Respondents unanimously agreed that engaging
with the program helped them better understand the material
taught (mean 9.45, SD 0.86), facilitated long-term retention of
the content (mean 9.36, SD 0.81), helped them develop their
teaching skills (mean 9.00, SD 1), was rewarding and
motivational in engaging in more teaching in the future (mean
9.27, SD 0.79), and was highly enjoyable (mean 9.30, SD 1.15)
(Table 4).

Thematic analysis of the 2 free-text sections mostly reinforced
findings from these rating questions. When asked what the NPTs
felt the greatest benefit of the program was, 3 broad themes
emerged, with some overlap (Table 5).

The “any positive comments/areas for improvement” section
comprised of 3 comments expressing gratitude for organizing
the program. A summary of the key findings from both
questionnaires can be seen in Table 6.

Table 2. Findings from rating questions in the near-peer learner postcourse questionnaires.

Responses, mean (SD)Questions

4.51 (1.41)How confident did you feel about your OSCEa examinations prior to these teaching sessions?

8.24 (0.93)How confident do you feel about your OSCE examinations now?

9.30 (1.15)How would you rate the overall quality of the sessions?

8.92 (0.95)How would you rate the usefulness of the OSCE practice scenarios at the end of each session in consolidating your
learning?

8.95 (0.94)How useful did you find the sessions in guiding your revision?

aOSCE: Objective Structured Clinical Examination.

Table 3. Qualitative analysis of free-text sections in near-peer learner postcourse questionnaires in response to the question “Any positive comments/areas
for improvement?”

Responses, nExamples of commentsTheme

8“Thank you so much to all the speakers and organizers for the effort through the semester!”Thanks, or expressions of gratitude

7“Really liked how the sessions were structured with a [sic] OSCE scenario at the end to con-
solidate the topic being taught. Really great stuff.”

Praising the quality, organization, or
structure of the teaching

4“Attending the sessions helped me get a head start on the placement I hadn’t attended yet as
everything was pitched at the correct level and at a good pace.”

Helped in getting ahead with revision
or placement

3“The only thing I could suggest to improve if [sic] more MCQ’sa but I do understand that it
was a more OSCE focused program which you guys hit the nail on the head. Thanks!”

Advice to include more multiple-
choice questions

3“Really well organized and taught. You really provided some great OSCE tips throughout!”Praising the top tips provided

2“The sessions have been particularly valuable with the reduced clinical opportunities we’ve
had at placement with COVID.”

Beneficial, given limited clinical ex-
posure due to COVID-19

2“Would love some more sessions in the new year–found this really helpful in consolidating

the TCDb cases.”

Request for more sessions

2“Although the technical issues did sometimes interfere the sessions have been a great addition
to the online cases.”

Connection or technical issues

aMCQ: multiple-choice question.
bTCD: Themed Case Discussion.
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Table 4. Findings from rating questions in the near-peer teacher postcourse questionnaires.

Responses, mean (SD)Questions or statements

9.45 (0.68)Getting involved with the teaching has helped me better understand the subject material I taught.

9.36 (0.81)Getting involved in the teaching has helped with my long-term retention of the subject material I taught.

9.00 (1.00)I have found this teaching experience to be rewarding, and it has motivated me to get involved in more teaching in the
future.

9.27 (0.79)As a result of this experience, I have developed teaching skills that I will use in the future as a doctor.

9.30 (1.15)On a scale of 1-10, how enjoyable did you find this teaching experience?

Table 5. Qualitative analysis of the free-text sections in the near-peer teacher postcourse questionnaires in response to the question “What do you think
has been the greatest benefit of teaching in this program?”

Responses, nExamples of commentsTheme

6“I think teaching is a very effective way of deepening your own understanding of a topic as
well as identifying any gaps in your knowledge. If you are able to explain a complex topic as
well as answer specific questions, this shows you have a very good level of knowledge.
Therefore, this teaching program allows the tutors to expand on their understanding.”

Beneficial to learning or guiding
revision

6“Helpful feedback form students which I have reflected on to improve my teaching skills.”Enhancing or developing teaching
skills

2“Over the course of the program, I’ve felt more confident and less nervous whilst teaching and
ended up enjoying it a lot more than I would have expected!”

Increased self-confidence in teach-
ing ability

Table 6. Summary of the key findings from near-peer learner and near-peer teacher questionnaires.

Key findingsItems in the questionnaires

Near-peer learner postcourse questionnaire

Change in perceived confidence to sit the OSCEa examination • Precourse: mean 4.51, SD 1.41
• Postcourse: mean 8.24, SD 0.93
• P<.001

“Any positive comments/areas for improvement?” • Thanks/expression of gratitude (n=8)
• Praising the quality/organization/structure of teaching (n=7)

Near-peer teacher postcourse questionnaire

Getting involved with the teaching has helped me better understand
the subject material I taught

• Mean 9.45, SD 0.68

“What do you think has been the greatest benefit of teaching in this
program?”

• Beneficial to learning/revision (n=6)
• Enhancing/developing teaching skills (n=6)

aOSCE: Objective Structured Clinical Examination.

Discussion

Principal Findings
In line with the existing body of literature, this study clearly
demonstrates the value of undergraduate near-peer programs
for both the student and the teacher. Crucially, it demonstrates
a significant increase in NPLs’ perceived confidence to sit their
OSCE examinations. Simulated OSCE scenarios and the setup
of the sessions in helping guide revisions explain this finding.
The study also demonstrates numerous benefits obtained by
NPTs including enhanced comprehension and retention of the
taught materials, development of teaching skills, and increased
motivation in engaging with future teaching endeavors.

Evaluation of Findings and Comparison to Prior Work
A variety of reasons can account for the significant increase
(P<.001) in NPLs’ confidence in the OSCE performance.
Evaluation of the free-text sections in the weekly questionnaires
helped tailor future sessions suitably. For instance, the
overwhelmingly positive reaction to the OSCE scenarios
prompted organization of 2 sessions focusing exclusively on
such scenarios for the final week of the program. The perceived
benefit of these scenarios was mirrored in the NPL postcourse
questionnaires’ average rating of usefulness of the scenarios
(mean 8.92, SD 0.95); it also supports the notion that simulation
exercises in medical education lead to improvements in
knowledge, confidence, and procedural performance upon
retesting [14].
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Rashid et al [15] adopted a similar methodology in 2011 to
evaluate the success of their near-peer program for final year
OSCE examinations and similarly found their program to have
a positive influence on OSCE preparedness. However, unlike
prior comparable studies, this study ensured that all taught
materials were quality assured by a relevant senior faculty—the
head of clinical teaching and examinations at Manchester
Medical School. The exceptionally high ratings of the overall
quality (mean 9.30, SD 1.15) are likely attributable to session
standardization, facilitated by quality assurance and NPTs’
instruction sheets. This highlights the importance of quality
assurance and selection of appropriate individuals to ensure the
relevance and accuracy of teaching. Qualitative analysis further
consolidates this, with 7 students praising the overall quality,
organization, or structure of the sessions. The anecdotal “top
tips” provided throughout the sessions were also praised (n=3),
further corroborating the notion of “cognitive congruence” and
its intrinsic benefit in near-peer teaching [2].

NPTs also obtained multiple benefits, with engagement shown
to enable better understanding (mean 9.45, SD 0.86) and
long-term retention (mean 9.36, SD 0.81) of the taught material.
These findings are supported by multiple prior studies [6,16]
and analysis of the free-text sections, where a handful of NPTs
(n=6) commented that teaching was beneficial to their learning
and revision. Dandavino et al [17] postulate that other than
learning, teaching provides the additional benefit of covert
familiarization with teaching and learning principles, yielding
a more effective learner and teacher. Additionally, the reported
positive impact on teaching skills and motivation to teach as a
doctor coincides with the United Kingdom’s General Medical
Council’s “good medical practice” guidelines, which state that
doctors “should be prepared to contribute to teaching and
training doctors and students” [18]. The free-text sections
complemented this notion, with NPTs outlining how teaching
in an informal environment and responding to feedback helped
enhance their teaching skills (n=6) and confidence in their
teaching ability (n=2).

Limitations and Future Directions
First, the data collected and interpreted from the questionnaires
in this study mostly deal with perceptions and lack objective

measures. Future endeavors will look to collect data from
tangible objective outcomes (ie, achieved OSCE marks of
NPLs). Second, connectivity issues occasionally interfered with
the delivery of teaching and our ability to share media and video
clips—a drawback also identified by Mageswaran and Ismail
[19], and 2 of the students in this study (Table 3). This can be
avoided by asking all teachers to host sessions from a location
where a stable connection can be ensured and to record sessions
for students to play back in their own time if their connection
fails during the live session. Third, although this study argues
the case for near-peer learning, it fails to compare it to the
alternative (ie, teaching by experienced senior faculty).
Nevertheless, numerous prior studies have established that
students taught by peers perform just as well as those taught by
experienced teachers [3,20]. For instance, a randomized
controlled trial by Tolsgaard et al [20] in 2007 found that
students taught catheterization and intravenous access by student
teachers performed just as well as those taught by associated
professors in a postcourse assessment.

Conclusions
Numerous studies have established the value of the near-peer
model in undergraduate medical education, including facilitation
of OSCE preparedness [21,22]. However, this is the first study
to evaluate an OSCE program delivered exclusively online.
Given that the majority of curricular undergraduate clinical
teaching is delivered by senior clinicians, there is scope for
implementation of online OSCE-focused programs similar to
the one described in this study. Such programs should involve
careful review of weekly feedback to fine-tune sessions, practice
scenarios to consolidate learning, and session standardization
including quality assurance by relevant senior faculty as well
as instructional sheets for teachers. Although online teaching
is not a substitute to learning in the clinical setting, it is certainly
a worthy adjunct that is economically and logistically viable
and highly effective in preparing both students and teachers for
clinical examinations and future practice. Peers embarking on
similar endeavors will uncover novel ideas for delivering similar
online programs in the future.
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Multimedia Appendix 1
Pediatric milestones presentation.
[PPTX File , 561 KB - mededu_v8i2e37872_app1.pptx ]

Multimedia Appendix 2
Falls presentation.
[PPTX File , 1095 KB - mededu_v8i2e37872_app2.pptx ]
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Multimedia Appendix 3
Near-peer teacher postcourse questionnaire.
[XLSX File (Microsoft Excel File), 9 KB - mededu_v8i2e37872_app3.xlsx ]

Multimedia Appendix 4
Near-peer learner postcourse questionnaire.
[XLSX File (Microsoft Excel File), 9 KB - mededu_v8i2e37872_app4.xlsx ]
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Abstract

Background: Residents receive a numeric performance rating (eg, 1-7 scoring scale) along with a narrative (ie, qualitative)
feedback based on their performance in each workplace-based assessment (WBA). Aggregated qualitative data from WBA can
be overwhelming to process and fairly adjudicate as part of a global decision about learner competence. Current approaches with
qualitative data require a human rater to maintain attention and appropriately weigh various data inputs within the constraints of
working memory before rendering a global judgment of performance.

Objective: This study explores natural language processing (NLP) and machine learning (ML) applications for identifying
trainees at risk using a large WBA narrative comment data set associated with numerical ratings.

Methods: NLP was performed retrospectively on a complete data set of narrative comments (ie, text-based feedback to residents
based on their performance on a task) derived from WBAs completed by faculty members from multiple hospitals associated
with a single, large, residency program at McMaster University, Canada. Narrative comments were vectorized to quantitative
ratings using the bag-of-n-grams technique with 3 input types: unigram, bigrams, and trigrams. Supervised ML models using
linear regression were trained with the quantitative ratings, performed binary classification, and output a prediction of whether
a resident fell into the category of at risk or not at risk. Sensitivity, specificity, and accuracy metrics are reported.

Results: The database comprised 7199 unique direct observation assessments, containing both narrative comments and a rating
between 3 and 7 in imbalanced distribution (scores 3-5: 726 ratings; and scores 6-7: 4871 ratings). A total of 141 unique raters
from 5 different hospitals and 45 unique residents participated over the course of 5 academic years. When comparing the 3
different input types for diagnosing if a trainee would be rated low (ie, 1-5) or high (ie, 6 or 7), our accuracy for trigrams was
87%, bigrams 86%, and unigrams 82%. We also found that all 3 input types had better prediction accuracy when using a bimodal
cut (eg, lower or higher) compared with predicting performance along the full 7-point rating scale (50%-52%).
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Conclusions: The ML models can accurately identify underperforming residents via narrative comments provided for WBAs.
The words generated in WBAs can be a worthy data set to augment human decisions for educators tasked with processing large
volumes of narrative assessments.

(JMIR Med Educ 2022;8(2):e30537)   doi:10.2196/30537

KEYWORDS

natural language processing; machine learning algorithms; competency-based medical education; assessment; medical education;
medical residents; machine learning; work performance; prediction models

Introduction

Workplace-based assessments (WBAs) are a key source of data
about the competence of health professions learners [1-9]. Even
in the busiest of environments, clinical teachers engage in direct
observation, feedback, and assessment of trainees [10]. The data
gathered in these busy environments often consist of both
quantitative (numerical scores, typically associated with a
scoring rubric, such as an entrustment scale) and qualitative
(free-form narrative comments) data [8].

Throughout training, WBA programs can acquire hundreds of
data points about a single trainee, which translate into hundreds
of scores and thousands of words [3]. While quantitative scores
can be aggregated and analyzed using several statistical methods
[11,12], qualitative data often require an educator (eg, program
director [PD], competence committee [CC] member, learner
supervisor) to internally organize and make meaning of the data.
With the rapid and expansive generation of narrative comments
typical of a robust and active WBA system, the cognitive task
load can overwhelm administrators. This becomes even more
problematic when aggregated narrative data inform progress
decisions for advancement in training.

Machine learning (ML) algorithms and natural language
processing (NLP) have been demonstrated in other industries
and in general health care to provide near real-time data analysis
of large complex qualitative data sets. Adopting these techniques
in medical education may thus be useful [11,13,14]. Early work
in using ML algorithms (MLAs) to enhance human review of
the quantitative learner assessment data generated by WBAs
has been reported [15]. However, as the systematic review by
Dias et al [14] pointed out, much of the work reported to date
is around feasibility.

For machine-assisted qualitative data aggregation or analysis,
the field is sparse. Some qualitative data sets have shown
potential in assisting faculty in identifying those trainees who
are at risk [16]. Early research suggests that keyword-specific
algorithms may assist human review of qualitative data from
WBAs [17]. A recent systematic review of NLP within medical
education showed that the majority of the research to date
examines clinical notes generated by the trainee, rather than
assessment data generated about the trainee [13].

Narrative data have been shown to be both reliable and useful
[18-20]. Not only are written comments deemed reliable for
third-party readers to interpret the progression of trainees [18],
but also the learners often cite that they value these
commentaries above scores or numbers [20,21]. Qualitative
assessments contain both clarifying and qualifying data about

the numerical scores. To be clear, qualitative data can still be
biased [11,22]. Assessors have multiple competing interests,
clouding their ability to focus on the assessment task [10].
Cognitive load for raters embedded in the workplace may also
lead to limitations in the types of ratings they generate [23,24].
Moreover, individual faculty members may have social biases
that manifest in their comments [25,26].

However, the operational challenge unique to qualitative data
compared with quantitative data is the aggregation of multiple
narrative assessments into a global judgment. The difficulty of
this task requires approaches akin to the ones used with
inductive research methods—multiple reviewers, all providing
their own interpretations of the data, and working together to
generate a common interpretation. To navigate this challenge,
many assessment systems use CCs, which harness the power
of group dynamics to arrive at decisions about complex data
sets [27-30]. These committees function similar to promotion
and tenure committees or juries, and are often charged with
aggregating, reviewing, and interpreting multiple sources of
data to arrive at decisions about trainee performance [31-33].
While this type of approach is a systematic and robust method,
it neglects the operational challenges of navigating the large
volume of data created by programmatic assessments using only
human-based systems.

There is potential for harnessing NLP and ML for the purposes
of automating the first analysis of narrative data from WBAs
to generate red flags of underperforming learners. This
automated, early warning system could facilitate the more
nuanced human review of the same data of the identified
individual, allowing educators to focus their efforts and offload
the overwhelming cognitive load to more efficient NLP and
MLA processes. While this technology has potential to support
a potential automated process and to create an early warning
system, this paper acts as proof of concept and presents an
approach as to how we can utilize NLP and ML to automatize
the assessment process to offload a system for busy clinical
teachers. To do that, the MLA should be trained with existing
data so that future WBA data can be analyzed automatically.
The purpose of this study is to explore NLP and MLA
applications for identifying trainees at risk using a large WBA
narrative comment data set associated with numerical ratings.

Methods

Study Context
This study retrospectively analyzed all WBA data from
September 2012 to July 2018 of emergency medicine residents
completed by faculty members from a large, multihospital
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residency training program at McMaster University, Canada.
This clinical setting has between 6 and 10 trainees within a
5-year specialist training program for emergency medicine;
therefore, at any given time there are roughly 40 trainees in the
program, but only 6 new trainees enter the system each year.
The health system is also nontrainee dependent (ie, staffed
entirely by attending physicians, who function independently
without the assistance of trainees or midlevel providers), which
means there are more than double the amount of faculty
members than there are trainee physicians affiliated with the
program. As such, while trainees always have a supervising
attending physician who is their teacher/assessor for the shift
[10], not all shifts staffed by an attending physician will have
a trainee.

The McMaster Modular Assessment Program (McMAP) is a
programmatic assessment system with 76 WBA instruments
grouped by junior, intermediate, and senior level, and mapped
to the CanMEDS (The Canadian Medical Education Directives
for Specialists) roles [3]. We descriptively explain those
competencies in Table 1 and provide the number of assessments
for each competency. However, we focus on each WBA in our
analysis. One WBA is completed during each emergency
department shift. Free-form narrative comments and a
behaviorally anchored 7-point score are captured for each WBA.
A full WBA example form is presented in Multimedia Appendix
1.

Analysis
A descriptive analysis of numerical scores and word frequencies
was used to explore data and identify missing data.

Demographics were analyzed using descriptive statistics in
SPSS version 26 (IBM Inc.) [34]. Mean, SD, and frequencies
were some of the descriptive statistics used. Missing data
exploration was carried out on the data set to find ratings without
comments and removed from the ML and NLP analyses. We
used MATLAB R2019b and its libraries including “Statistics
and Machine Learning Toolbox” and “Text Analytics Toolbox”
to conduct analysis on MLA and NLP [35].

Two approaches were developed to stratify the data by
quantitative rating. First, we used the 7-point scale ratings in
the original form. To improve our ML models, we decided to
collapse the ratings into a binary division. We chose this
approach because many CCs promote a resident based on
achieving a threshold (eg, a rating score 6.25 in our local setting
for these WBAs, based on local standard-setting protocols)
[3,36]. Thus, ratings from 1 to 5 were collapsed as a low score
and ratings from 6 to 7 were collapsed as a high score.

Natural Language Processing and Machine Learning
Analysis
NLP and a supervised ML analysis were run sequentially to
identify patterns and results. Our model takes the input of a
written feedback review for a resident’s performance on a given
day and tokenizes it to uni/bi/trigrams. Then, a linear regression
ML model predicts the output for 2 different classifications:
at-risk resident or not-at-risk resident.

Step 1: Preprocessing
Preprocessing steps are described in Textbox 1.

Textbox 1. Preprocessing steps for narrative comments.

1. Missing data: Assessment with no rating and comment was removed from machine learning algorithm analysis.

2. Tokenization: Each word was converted into a single-word format.

3. Part of speech: This function assigns a label to a word, such as verb, noun, proposition, number, punctuation.

4. Removal of stop words: To reduce noise in the data set, we removed stop words such as a, and, and the.

5. Lemmatization: Each word was converted into its root form (eg, discharging converted to discharge).

6. Removing punctuation: Punctuation was erased from the data set.

7. Removing infrequent words: Words with a frequency of 2 or fewer across the data set were removed.

8. Exclude empty assessment: Any blank narrative assessment fields were removed.

Step 2: Vectoring
After preprocessing, we used bag-of-words vectorizing. We
generated unigrams (single, decontextualized words), bigrams
(adjacent word couplets), and trigrams (adjacent word triplets)
for input into the ML models.

Step 3: Machine Learning Analysis

Overview
Bag-of-words vectorizing for narrative data was used for the
MLA stage. This technique takes each word within the comment
and inputs each word into the MLA. Data were partitioned using
a “holdout” technique with a 0.1 coefficient, meaning 10% of
the data were randomly assigned with a nonstratified technique

into a test data set, and the remaining data were selected for the
training. ML analysis evaluated using tenfold cross-validation.
More of the MLA explanation can be found in Multimedia
Appendix 2.

Derivation Phase: Training of the Machine Learning
Algorithm
The data were partitioned into a training and a testing data set.
A supervised classification model, which used word frequency
counts from the bag-of-words model as a predictor, was created
and trained. The classification accuracy is the proportion of the
labels that the model predicts correctly.

The supervised ML method used a linear learner model to train
the data and to predict the test data set. Supervised learning can
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train a model when there are input data associated with a label
as an outcome [37]. Our method is Error-Correcting Output
Codes (ECOC), which uses K(K – 1)/2 binary support vector
machine models, which means each classification group needs
to be compared against the others. We did this by using the
one-versus-one coding design, where K is the number of unique
classification labels.

We trained the ECOC method composed of default classification
models using the following parameters: Learners and Linear.
The support vector machine used word frequency counts from
the bag-of-words model as a predictor.

Validation Phase: Testing of the Machine Learning
Algorithm
The last step was predicting the labels of the test data using the
trained model and calculating the classification accuracy. Please
see Multimedia Appendix 2 for further details on the training
and testing phases.

Ethical Consideration
The Hamilton Integrated Research Ethics Board granted ethics
exemption for this study under Tri-Council Policy Statement 2
(TCPS2) as this was deemed a quality improvement initiative.

Results

The initial database consisted of 7199 assessments, of which
5597 contained faculty comments for trainee performance. There
were 141 unique raters from 5 different hospitals; 68% (n=96)
of them were male. The database had a total of 45 unique
residents; 56% (n=25) were male. Table 1 presents the overall
demographics related to the assessments.

Rating distributions of the assessment ranged between 3 and 7.
The frequencies for ratings 7, 6, 5, 4, and 3 were 2713/7199
(37.69%), 2158/7199 (29.98%), 635/7199 (8.82%), 79/7199

(1.10%), and 12/7199 (0.17%), respectively. We excluded a
total of 1638 items because there were missing data (eg, the
task rating did not have a meaningful comment associated or
vice versa). The test set consisted of 484 high ratings and 72
low ratings.

In line with our previous work [15], we dichotomized our task
rating scores: all scores of 5 and below were considered at risk
and all scores of 6 and 7 were considered not at risk.

There were 94,016 words in the narrative comments.
Assessments ranged from 1 to 155 words with a mean of 16.91
(SD 13.8). Figure 1 shows the frequencies of word counts across
assessments by rating scale. Each rating scale is represented
with a color in Figure 1 and seemed to have a similar trend in
each rating scale regardless of the number of ratings.

Multimedia Appendix 3 depicts word clouds with size-based
weightings of unigrams, bigrams, and trigrams grouped by
higher-score (6 or 7) and lower-score (≤5) associated phrases.
Bigram analysis showed more promising weighted phrases such
as good approach or excellent management. The trigram analysis
highlights key phrases that allow a human reader to begin
contextualizing the assessment such as rapport patient family
or excellent communication skill. There are more diverse phrases
in the trigrams associated with lower scores rather than those
associated with lower scores.

Table 2 presents the MLA results for accurately identifying
residents who were deemed at risk. Accuracy was higher using
a binary division of the rating scale labeling. Trigrams provided
the most accurate results. The MLA demonstrated excellent
sensitivity for identifying residents who achieved competence
(6 or 7 on the rating scale). Unigrams had the highest sensitivity
rates. The specificity was poor. More details on the analysis
output (ie, confusion matrix and area under the curve graphs)
can be found in Multimedia Appendix 4.
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Table 1. Assessment distribution across the data set (N=7199).

Frequency, n (%)Distribution

Postgraduate year

1017 (14.13)1

3139 (43.60)2

405 (5.63)3

1585 (22.02)4

1053 (14.63)5

Categories of work-based assessments

Junior modules (PGYa1 and 2)

1220 (16.95)Medical expert and scholar

882 (12.25)Advocacy and management

1606 (22.31)Communication and collaboration

828 (11.50)Professional and communicator

881 (12.24)Pediatric emergency medicine

Senior modules (PGY3-5)

582 (8.08)Leadership and team management

805 (11.18)Quality decision making

395 (5.49)Teaching and scholarship

Numerical rating scores

1602 (22.25)Missing matching qualitative comment

12 (0.17)3

79 (1.10)4

635 (8.82)5

2158 (29.98)6

2713 (37.69)7

Binary classification

1602 (22.25)Missing matching qualitative comment

726 (10.08)1-5

4871 (67.66)6-7

aPGY: postgraduate year.
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Figure 1. Distribution of word counts in comments within the assessments, split by the resultant scores.

Table 2. Machine learning results on workplace-based assessments.

Accuracy of machine learning and natural lan-
guage processing algorithms for diagnosing
trainees at risk (%)

Specificity (%)Sensitivity (%)n-Gram input type

Binary1-7 scaleBinary1-7 scaleBinary1-7 scale

82.051.813.95.192.282.0Unigrams

85.650.421.44.187.381.1Bigrams

86.949.84.2Insufficient data to
calculate

87.079.6Trigrams

Discussion

Principal Findings
While NLP ML analyses have had many applications in health
services (eg, interpreting large volumes of tweets or other data
sets) [38,39], they are yet to be regularly used within the domain
of aggregating and interpreting trainee-level data. This study
demonstrates that an automated NLP ML analysis can identify
resident performance that achieves competence on a
direct-observation WBA using narrative comments.

While dichotomizing our 7-point assessment scale improved
performance, the data set was not large enough to draw
conclusions for specificity measures, due to a lack of true
negatives within our trigram data. Specifically, our present ML
model could not identify trainees who are failing with trigrams.
The reason for low specificity was that our data had far fewer
assessments on the lower end of the scale, especially for
trigrams. While MLA can support the decision-making process,
trainees who are at risk should be approached cautiously,
triangulating data using human raters before decision making.
However, the sensitivity of our algorithms suggests that we can

harness the power of the NLP MLA to rule out the trainees who
are not deemed at risk of meeting a performance standard.
Human meta-raters could be most effectively deployed, then,
to read those who have been flagged as possibly being at risk,
and to make determinations of whether someone was truly at
risk (eg, true positive) versus unduly flagged (eg, false positive).
Moreover, McMAP is one of the first programmatic assessment
systems in residency education [1,3,21]. It preceded a national
shift to competency-based medical education by 6 years. There
is no comparable pilot with similar accumulated data set yet
since other programs began their system in 2017.

Based on this study, it is clear that larger data sets from
amalgamated sources of common WBAs may hold the key to
increasing the sampling (and therefore, the accuracy, sensitivity,
and specificity) of our proposed algorithms. Early work within
our specialty has shown that this may be possible [40], because
all of specialist emergency medicine training have recently
moved into a harmonized assessment system within Canada
[41]. Finding ways to aggregate a nation’s worth of WBA across
a specialty and multiple sites will undoubtedly afford us enough
data to power NLP MLAs that can be helpful for faculty decision
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makers and decrease the workload introduced by robust WBA
programs.

This automated process could obviate the need for a manual
review of all qualitative phrases. While the specificity of the
automated process is quite poor to identify residents who have
achieved competence in the task, this process allows our CCs
and PDs to continuously monitor their trainees’ performance.
This will allow for an automated process to accurately identify
trainees who may potentially require assistance or remediation.
As our sensitivity ranged from 87% to 92.2%, we suggest that
with higher stakes, summative decisions will still require human
oversight and review to ensure that those who might be
misclassified by the algorithm as requiring assistance (or
needing more time) can be identified.

Comparison With the Prior Work
An exploratory study of residents’ perception of WBA found
that residents deemed feedback more valuable than numeric
scores and acknowledged their skepticism on faculty
comprehension of rating tasks [21]. Credibility is essential for
feedback to be actionable. The factors that contribute to
feedback credibility are the closeness of the relationship between
supervisor and trainee, the consistency between the narrative
and numeric score, and the quality of the narrative and a system
that fosters a feedback culture [21,42]. This study demonstrates
that ML and NLP can provide additional information on the
evidence that supports results in WBA.

To complete a direct observation assessment, faculty undergo
cognitive processes that involve observation, processing, and
integration within the short time frame dedicated to the
assessment [43,44]. When observing, the raters select the learner
behaviors that are relevant to the assessment. These attributes
may or may not be described in the narrative portion of the
assessment. Processing involves the recollection of behaviors,
matching behavior to a specific set or a subset of competencies,
synthesizing the information collected, and integrating all the
information into a narrative or numeric score [44]. Processing
also responds to the individual conception of competency,
context-specific settings, references to the highest and lowest
performance witnessed by the rater, and emotions [43]. Intrarater
reliability and consistency between narratives and numeric
scores depend on the aforesaid cognitive process [45].

The interpretation of narrative comments is a complex task
because words can be vague or have nonliteral meanings [18,46].
Raters and trainees decipher the alternative meanings of words
using contextual information and experience. The precision of
a narrative, the strength of the adjectives used, or specific
references to competency domains are some of the elements to
be considered when interpreting the hidden code [18,46]. As
writing style differs between raters, the code is not universal
and it can be mistakenly interpreted (eg, including areas of
improvement in a narrative assessment might be considered
positive or negative depending on the individual).

The traditional quantitative assessment paradigm leads learners
and faculty to focus on numbers, and partially explains the
complexity of the faculty task of “converting” or transferring
their perception of competence into a 7-point scale. In fact, rater

bias may be a result of the complexity of the unconscious action
required to complete complex assessment tasks to assign scores
to observations (very blunt, nonrich category) to a rater’s
judgment.

While not realized within our study, NLP analyses have been
shown to provide information on the quality, usefulness, and
relevance of narrative assessment [47-49]. Moreover, it can
generate insights about identity of raters, their cognitive process,
potential biases, and personality traits. For instance, the use of
determiners, prepositions, and pronouns have been identified
as features for gender discrimination [50] and relevant linguistic
differences have been found in narratives from male and female
faculties [51]. While human meta-raters (ie,. those who read
others’comments) require more context about the feedback (eg,
raters, audience, intent) [46], ML analysis can overcome the
issues around context by increasing n-grams to match the scores
based on qualitative data.

Strengths and Limitations
This study is a worked example that is based on real trainee
data and frontline faculty assessors in the context of WBA. With
a diverse team of educators, computer scientists, and clinicians,
we have been able to move the mark toward solving a problem
that many medical educators are facing around qualitative
comments.

However, our study has also some limitations. Residency
training selects for highly qualified and high-performing
learners. As a result, assessments have a positive yield that
creates a right-skewed data distribution, where residents tend
to have higher ratings rather than low ratings. Our data were no
different. The range restriction of our data has impacted our
results.

Our data set was not sufficient to create a validation set. In the
future, with more data, we will likely move toward having an
80% derivation, with 10% testing and 10% validation profile
for our data partitioning. We acknowledge that there are
limitations of the output of the model, but unfortunately, we are
limited to the results we could obtain with these data. This early
work will allow us to approximate sample sizes and to further
the field toward an eventuality where the technology we
currently have can be properly harvested in this area. We
anticipate, based on our early work, that we will need data sets
that are amalgamated by a country’s worth of data to create the
accuracy and precision required to truly make this a reality.
With a larger data set we might have been able to complete
more cross-validation procedures [52-56]. Human factors was
another limitation in our study. Faculty members sometimes do
not provide written comment with their ratings. Our study
context is in an emergency department where there is not always
time to provide any comment at all. We labeled them as missing
in our study because we could not use them for NLP. Finally,
our data set shows that greater pooling of data will be required
by training programs (possibly across multiple centers or across
a nation) to ensure that we have the depth of data to gain insights
using NLP MLA technologies to advise CCs and PDs about
trainees at risk. While there are some who might want to see a
dichotomy between algorithms and humans, our team proposes
that we should aspire for human-augmented decision making
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(eg, decision support), as opposed to assuming that MLAs might
replace our training committees and faculty.

Future Directions
Using N-grams with different scales showed a great promise
on the retrospective data. These results beg for confirmation in
a prospective study. While we used our WBA based on 2
different scales, we highly anticipate that this result will show
a similar pattern in entrustment scales. Therefore, future research
should focus on entrustment scales.

Next, greater data sets will be required to adequately harness
the power of NLP and MLA technologies to assist faculty
members or trainees in terms of decision making around
academic or clinical progress. There have been some great
strides recently made in creating amalgamated trainee
assessment data sets for nationalized program evaluation [40],
but full data pooling and sharing will be required to adequately

generate the insights that are required using these technologies.
Greater attention must be paid to create harmonized data
standards and safe reporting protocols so that we can pool both
quantitative and qualitative data required to capitalize on the
technologies that currently exist, and are used regularly in other
sectors.

Finally, NLP and ML must be tested against the current
reference standard of CC-driven insights so that we can decide
whether ML results are truly useful to augment faculty decision
making and help improve the decision-making process.

Conclusions
Our early data show promise that NLP with ML analysis of
narrative assessment data may eventually serve as a
decision-support system for CC, PDs, and other education
decision makers. NLP and ML analyses have the potential to
reduce the workload of large narrative data sets.

 

Acknowledgments
This study was supported by the 2020 Canadian Association of Emergency Physicians (CAEP) Emergency Medicine Advancement
Fund. YY is the recipient of the The Scientific and Technological Research Council of Turkey (Türkiye Bilimsel ve Teknolojik
Araştırma Kurumu, TUBITAK) Postdoctoral Fellowship grant.

Conflicts of Interest
TMC reports a honorarium from McMaster University for her education research work with the McMaster Education Research,
Innovation, and Theory (MERIT) group and administrative stipend for her role of Associate Dean via the McMaster Faculty of
Health Sciences Office of Continuing Professional Development. She also discloses that she has received various unrelated
research grants, teaching honoraria, and speakership fees from academic institutions (Baylor University/Texas Children’s Hospital,
Catholic University of Korea, Harvard Medical School, International Association of Medical Sciences Educators, Northern
Ontario School of Medicine, University of British Columbia, University of Northern British Columbia), nonprofit organizations
(Physician Services Incorporated Foundation), physician organizations (Association of American Medical Colleges, Canadian
Association of Emergency Physicians, Society of Academic Emergency Medicine, the Royal College of Physicians and Surgeons
of Canada), and governmental sources (Government of Ontario, Virtual Learning Strategy eCampus Ontario program).

Multimedia Appendix 1
Sample McMAP task in knowledge translation.
[DOCX File , 17 KB - mededu_v8i2e30537_app1.docx ]

Multimedia Appendix 2
Supplemental material for methods.
[DOCX File , 15 KB - mededu_v8i2e30537_app2.docx ]

Multimedia Appendix 3
The different word cloud representations of the types of phrases found within comments associated with higher score (6 or 7 out
of 7) and lower score comments (5 or less out of 7). While some similar word and phrases are found in the unigrams, bigrams,
and trigrams, there is more homogeneity in the phrases within the higher score-associated trigrams and more diversity in the
lower score-associated trigrams.
[PNG File , 1518 KB - mededu_v8i2e30537_app3.png ]

Multimedia Appendix 4
Confusion matrix for binary class.
[DOCX File , 199 KB - mededu_v8i2e30537_app4.docx ]

References

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e30537 | p.117https://mededu.jmir.org/2022/2/e30537
(page number not for citation purposes)

Yilmaz et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

mededu_v8i2e30537_app1.docx
mededu_v8i2e30537_app1.docx
mededu_v8i2e30537_app2.docx
mededu_v8i2e30537_app2.docx
mededu_v8i2e30537_app3.png
mededu_v8i2e30537_app3.png
mededu_v8i2e30537_app4.docx
mededu_v8i2e30537_app4.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Acai A, Li S, Sherbino J, Chan TM. Attending Emergency Physicians' Perceptions of a Programmatic Workplace-Based
Assessment System: The McMaster Modular Assessment Program (McMAP). Teach Learn Med 2019;31(4):434-444. [doi:
10.1080/10401334.2019.1574581] [Medline: 30835560]

2. Babu KS, Htike MM, Cleak VE. Workplace-based assessments in Wessex: the first 6 months. Psychiatr. Bull 2018 Jan
02;33(12):474-478. [doi: 10.1192/pb.bp.108.022889]

3. Chan T, Sherbino J. The McMaster Modular Assessment Program (McMAP). Academic Medicine 2015;90(7):900-905.
[doi: 10.1097/acm.0000000000000707]

4. Gaunt A, Patel A, Rusius V, Royle TJ, Markham DH, Pawlikowska T. 'Playing the game': How do surgical trainees seek
feedback using workplace-based assessment? Med Educ 2017 Sep;51(9):953-962. [doi: 10.1111/medu.13380] [Medline:
28833426]

5. Holmboe ES, Sherbino J, Long DM, Swing SR, Frank JR. The role of assessment in competency-based medical education.
Med Teach 2010;32(8):676-682. [doi: 10.3109/0142159X.2010.500704] [Medline: 20662580]

6. Massie J, Ali JM. Workplace-based assessment: a review of user perceptions and strategies to address the identified
shortcomings. Adv in Health Sci Educ 2015 May 24;21(2):455-473. [doi: 10.1007/s10459-015-9614-0]

7. Moonen-van Loon JMW, Overeem K, Donkers HHLM, van der Vleuten CPM, Driessen EW. Composite reliability of a
workplace-based assessment toolbox for postgraduate medical education. Adv Health Sci Educ Theory Pract 2013
Dec;18(5):1087-1102. [doi: 10.1007/s10459-013-9450-z] [Medline: 23494202]

8. Sebok-Syer SS, Klinger DA, Sherbino J, Chan TM. Mixed Messages or Miscommunication? Investigating the Relationship
Between Assessors' Workplace-Based Assessment Scores and Written Comments. Acad Med 2017 Dec;92(12):1774-1779.
[doi: 10.1097/ACM.0000000000001743] [Medline: 28562452]

9. Simmons M. How are workplace-based assessments viewed by UK psychiatry trainees. Psychiatria Danubina 2013;Suppl
2:S182-S184. [doi: 10.24869/psyd]

10. Li S, Acai A, Sherbino J, Chan TM. The Teacher, the Assessor, and the Patient Protector: A Conceptual Model Describing
How Context Interfaces With the Supervisory Roles of Academic Emergency Physicians. AEM Education and Training
2020 Jan 26;5(1):52-62. [doi: 10.1002/aet2.10431]

11. Chan T, Sebok-Syer S, Thoma B, Wise A, Sherbino J, Pusic M. Learning Analytics in Medical Education Assessment: The
Past, the Present, and the Future. AEM Education and Training 2018 Mar 22;2(2):178-187. [doi: 10.1002/aet2.10087]

12. Friedman KA, Raimo J, Spielmann K, Chaudhry S. Resident dashboards: helping your clinical competency committee
visualize trainees' key performance indicators. Med Educ Online 2016;21:29838 [FREE Full text] [doi:
10.3402/meo.v21.29838] [Medline: 27037226]

13. Chary M, Parikh S, Manini AF, Boyer EW, Radeos M. A Review of Natural Language Processing in Medical Education.
West J Emerg Med 2019 Jan;20(1):78-86 [FREE Full text] [doi: 10.5811/westjem.2018.11.39725] [Medline: 30643605]

14. Dias RD, Gupta A, Yule SJ. Using Machine Learning to Assess Physician Competence. Academic Medicine
2019;94(3):427-439. [doi: 10.1097/acm.0000000000002414]

15. Ariaeinejad A, Samavi R, Chan T, Doyle T. A Performance Predictive Model for Emergency Medicine Residents. In:
CASCON '17: Proceedings of the 27th Annual International Conference on Computer Science and Software Engineering.
Riverton, NJ: IBM Corp; 2017 Presented at: 27th Annual International Conference on Computer Science and Software
Engineering; Nov 6-8, 2017; Markham, ON URL: https://dl.acm.org/doi/abs/10.5555/3172795.3172800

16. Ross S, Binczyk NM, Hamza DM, Schipper S, Humphries P, Nichols D, et al. Association of a Competency-Based
Assessment System With Identification of and Support for Medical Residents in Difficulty. JAMA Netw Open 2018 Nov
02;1(7):e184581 [FREE Full text] [doi: 10.1001/jamanetworkopen.2018.4581] [Medline: 30646360]

17. Tremblay G, Carmichael P, Maziade J, Grégoire M. Detection of Residents With Progress Issues Using a Keyword-Specific
Algorithm. J Grad Med Educ 2019 Dec;11(6):656-662 [FREE Full text] [doi: 10.4300/JGME-D-19-00386.1] [Medline:
31871565]

18. Ginsburg S, Eva K, Regehr G. Do In-Training Evaluation Reports Deserve Their Bad Reputations? A Study of the Reliability
and Predictive Ability of ITER Scores and Narrative Comments. Academic Medicine 2013;88(10):1539-1544. [doi:
10.1097/acm.0b013e3182a36c3d]

19. Ginsburg S, van der Vleuten C, Eva KW, Lingard L. Hedging to save face: a linguistic analysis of written comments on
in-training evaluation reports. Adv in Health Sci Educ 2015 Jul 17;21(1):175-188. [doi: 10.1007/s10459-015-9622-0]

20. Ginsburg S, van der Vleuten CPM, Eva KW. The Hidden Value of Narrative Comments for Assessment: A Quantitative
Reliability Analysis of Qualitative Data. Acad Med 2017;92(11):1617-1621. [doi: 10.1097/ACM.0000000000001669]
[Medline: 28403004]

21. Li S, Sherbino J, Chan TM. McMaster Modular Assessment Program (McMAP) Through the Years: Residents' Experience
With an Evolving Feedback Culture Over a 3-year Period. AEM Education and Training 2017 Jan 19;1(1):5-14. [doi:
10.1002/aet2.10009]

22. Cheung W, Dudek N, Wood T, Frank J. Daily Encounter Cards-Evaluating the Quality of Documented Assessments. Journal
of Graduate Medical Education 2016;8(4):601-604. [doi: 10.4300/jgme-d-15-00505.1]

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e30537 | p.118https://mededu.jmir.org/2022/2/e30537
(page number not for citation purposes)

Yilmaz et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1080/10401334.2019.1574581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30835560&dopt=Abstract
http://dx.doi.org/10.1192/pb.bp.108.022889
http://dx.doi.org/10.1097/acm.0000000000000707
http://dx.doi.org/10.1111/medu.13380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28833426&dopt=Abstract
http://dx.doi.org/10.3109/0142159X.2010.500704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20662580&dopt=Abstract
http://dx.doi.org/10.1007/s10459-015-9614-0
http://dx.doi.org/10.1007/s10459-013-9450-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23494202&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000001743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28562452&dopt=Abstract
http://dx.doi.org/10.24869/psyd
http://dx.doi.org/10.1002/aet2.10431
http://dx.doi.org/10.1002/aet2.10087
http://europepmc.org/abstract/MED/27037226
http://dx.doi.org/10.3402/meo.v21.29838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27037226&dopt=Abstract
http://europepmc.org/abstract/MED/30643605
http://dx.doi.org/10.5811/westjem.2018.11.39725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30643605&dopt=Abstract
http://dx.doi.org/10.1097/acm.0000000000002414
https://dl.acm.org/doi/abs/10.5555/3172795.3172800
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2018.4581
http://dx.doi.org/10.1001/jamanetworkopen.2018.4581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30646360&dopt=Abstract
http://europepmc.org/abstract/MED/31871565
http://dx.doi.org/10.4300/JGME-D-19-00386.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31871565&dopt=Abstract
http://dx.doi.org/10.1097/acm.0b013e3182a36c3d
http://dx.doi.org/10.1007/s10459-015-9622-0
http://dx.doi.org/10.1097/ACM.0000000000001669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28403004&dopt=Abstract
http://dx.doi.org/10.1002/aet2.10009
http://dx.doi.org/10.4300/jgme-d-15-00505.1
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Pattani R, Ginsburg S, Mascarenhas Johnson A, Moore JE, Jassemi S, Straus SE. Organizational Factors Contributing to
Incivility at an Academic Medical Center and Systems-Based Solutions. Academic Medicine 2018;93(10):1569-1575. [doi:
10.1097/acm.0000000000002310]

24. Tavares W, Ginsburg S, Eva KW. Selecting and Simplifying: Rater Performance and Behavior When Considering Multiple
Competencies. Teach Learn Med 2016;28(1):41-51. [doi: 10.1080/10401334.2015.1107489] [Medline: 26787084]

25. Dayal A, O’Connor DM, Qadri U, Arora VM. Comparison of Male vs Female Resident Milestone Evaluations by Faculty
During Emergency Medicine Residency Training. JAMA Intern Med 2017 May 01;177(5):651-657. [doi:
10.1001/jamainternmed.2016.9616]

26. Mueller A, Jenkins T, Osborne M, Dayal A, O'Connor D, Arora V. Gender Differences in Attending Physicians? Feedback
to Residents: A Qualitative Analysis. Journal of Graduate Medical Education 2017;9(5):585. [doi:
10.4300/jgme-d-17-00126.1]

27. Chahine S, Cristancho S, Padgett J, Lingard L. How do small groups make decisions? Perspect Med Educ 2017 May
22;6(3):192-198. [doi: 10.1007/s40037-017-0357-x]

28. Hauer KE, Chesluk B, Iobst W, Holmboe E, Baron RB, Boscardin CK, et al. Reviewing Residents’ Competence. Academic
Medicine 2015;90(8):1084-1092. [doi: 10.1097/acm.0000000000000736]

29. Hauer K, Cate OT, Boscardin C, Iobst W, Holmboe E, Chesluk B, et al. Ensuring Resident Competence: A Narrative
Review of the Literature on Group Decision Making to Inform the Work of Clinical Competency Committees. Journal of
Graduate Medical Education 2016;8(2):156-164. [doi: 10.4300/jgme-d-15-00144.1]

30. Kinnear B, Warm EJ, Hauer KE. Twelve tips to maximize the value of a clinical competency committee in postgraduate
medical education. Medical Teacher 2018 Jun 26;40(11):1110-1115. [doi: 10.1080/0142159x.2018.1474191]

31. Ekpenyong A, Baker E, Harris I, Tekian A, Abrams R, Reddy S, et al. How do clinical competency committees use different
sources of data to assess residents' performance on the internal medicine milestones?A mixed methods pilot study. Med
Teach 2017 Oct;39(10):1074-1083. [doi: 10.1080/0142159X.2017.1353070] [Medline: 28738746]

32. Schumacher D, King B, Barnes M, Elliott S, Gibbs K, McGreevy J, et al. Members of the APPD LEARN CCC Study
Group. Influence of Clinical Competency Committee Review Process on Summative Resident Assessment Decisions.
Journal of Graduate Medical Education 2018 Aug;10(4):437. [doi: 10.4300/jgme-d-17-00762.1]

33. Schumacher DJ, Michelson C, Poynter S, Barnes MM, Li ST, Burman N, APPD LEARN CCC Study Group, et al. Thresholds
and interpretations: How clinical competency committees identify pediatric residents with performance concerns. Med
Teach 2018 Jan;40(1):70-79. [doi: 10.1080/0142159X.2017.1394576] [Medline: 29345207]

34. IBM. IBM SPSS Statistics for Windows, Version 26. Armonk, NY: IBM Corp; 2019.
35. R2019b - Updates to the MATLAB and Simulink product families Internet. MathWorks. URL: https://www.mathworks.com/

products/new_products/release2019b.html [accessed 2022-05-12]
36. Chan TM, Sherbino J, Mercuri M. Nuance and Noise: Lessons Learned From Longitudinal Aggregated Assessment Data.

J Grad Med Educ 2017 Dec;9(6):724-729 [FREE Full text] [doi: 10.4300/JGME-D-17-00086.1] [Medline: 29270262]
37. Liu Y, Chen PC, Krause J, Peng L. How to Read Articles That Use Machine Learning: Users' Guides to the Medical

Literature. JAMA 2019 Nov 12;322(18):1806-1816. [doi: 10.1001/jama.2019.16489] [Medline: 31714992]
38. Chew C, Eysenbach G. Pandemics in the age of Twitter: content analysis of Tweets during the 2009 H1N1 outbreak. PLoS

One 2010 Nov;5(11):e14118 [FREE Full text] [doi: 10.1371/journal.pone.0014118] [Medline: 21124761]
39. Dimitrov D, Baran E, Fafalios P, Yu R, Zhu X, Zloch M, et al. TweetsCOV19 - A Knowledge Base of Semantically

Annotated Tweets about the COVID-19 Pandemic. In: CIKM '20: Proceedings of the 29th ACM International Conference
on Information & Knowledge Management. NY, NY, USA: Association for Computing Machinery; 2020 Presented at:
29th ACM International Conference on Information & Knowledge Management; October 19-23, 2020; Virtual Event,
Hosted in Ireland p. 2991-2998 URL: https://dl.acm.org/doi/abs/10.1145/3340531.3412765 [doi: 10.1145/3340531.3412765]

40. Thoma B, Hall A, Clark K, Meshkat N, Cheung W, Desaulniers P, et al. Evaluation of a National Competency-Based
Assessment System in Emergency Medicine: A CanDREAM Study. Journal of Graduate Medical Education 2020
Aug;12(4):425-434. [doi: 10.4300/jgme-d-19-00803.1]

41. Sherbino J, Bandiera G, Doyle K, Frank JR, Holroyd BR, Jones G, et al. The competency-based medical education evolution
of Canadian emergency medicine specialist training. CJEM 2019 Sep 30;22(1):95-102. [doi: 10.1017/cem.2019.417]

42. Govaerts M. Workplace-Based Assessment and Assessment for Learning: Threats to Validity. Journal of Graduate Medical
Education 2015;7(2):265-267. [doi: 10.4300/jgme-d-15-00101.1]

43. Gauthier G, St-Onge C, Tavares W. Rater cognition: review and integration of research findings. Med Educ 2016 Apr
13;50(5):511-522. [doi: 10.1111/medu.12973]

44. Hanson JL, Rosenberg AA, Lane JL. Narrative descriptions should replace grades and numerical ratings for clinical
performance in medical education in the United States. Front. Psychol 2013;4:668. [doi: 10.3389/fpsyg.2013.00668]

45. Gingerich A, Kogan J, Yeates P, Govaerts M, Holmboe E. Seeing the ‘black box’ differently: assessor cognition from three
research perspectives. Med Educ 2014 Oct 12;48(11):1055-1068. [doi: 10.1111/medu.12546]

46. Ginsburg S, Kogan J, Gingerich A, Lynch M, Watling C. Taken out of Context: Hazards in the Interpretation of Written
Assessment Comments. Academic Medicine 2020:2. [doi: 10.1097/acm.0000000000003047]

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e30537 | p.119https://mededu.jmir.org/2022/2/e30537
(page number not for citation purposes)

Yilmaz et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1097/acm.0000000000002310
http://dx.doi.org/10.1080/10401334.2015.1107489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26787084&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2016.9616
http://dx.doi.org/10.4300/jgme-d-17-00126.1
http://dx.doi.org/10.1007/s40037-017-0357-x
http://dx.doi.org/10.1097/acm.0000000000000736
http://dx.doi.org/10.4300/jgme-d-15-00144.1
http://dx.doi.org/10.1080/0142159x.2018.1474191
http://dx.doi.org/10.1080/0142159X.2017.1353070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28738746&dopt=Abstract
http://dx.doi.org/10.4300/jgme-d-17-00762.1
http://dx.doi.org/10.1080/0142159X.2017.1394576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29345207&dopt=Abstract
https://www.mathworks.com/products/new_products/release2019b.html
https://www.mathworks.com/products/new_products/release2019b.html
http://europepmc.org/abstract/MED/29270262
http://dx.doi.org/10.4300/JGME-D-17-00086.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29270262&dopt=Abstract
http://dx.doi.org/10.1001/jama.2019.16489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31714992&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0014118
http://dx.doi.org/10.1371/journal.pone.0014118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21124761&dopt=Abstract
https://dl.acm.org/doi/abs/10.1145/3340531.3412765
http://dx.doi.org/10.1145/3340531.3412765
http://dx.doi.org/10.4300/jgme-d-19-00803.1
http://dx.doi.org/10.1017/cem.2019.417
http://dx.doi.org/10.4300/jgme-d-15-00101.1
http://dx.doi.org/10.1111/medu.12973
http://dx.doi.org/10.3389/fpsyg.2013.00668
http://dx.doi.org/10.1111/medu.12546
http://dx.doi.org/10.1097/acm.0000000000003047
http://www.w3.org/Style/XSL
http://www.renderx.com/


47. Chen J, Druhl E, Polepalli RB, Houston TK, Brandt CA, Zulman DM, et al. A Natural Language Processing System That
Links Medical Terms in Electronic Health Record Notes to Lay Definitions: System Development Using Physician Reviews.
J Med Internet Res 2018 Jan 22;20(1):e26 [FREE Full text] [doi: 10.2196/jmir.8669] [Medline: 29358159]

48. Demner-Fushman D, Chapman WW, McDonald CJ. What can natural language processing do for clinical decision support?
Journal of Biomedical Informatics 2009 Oct;42(5):760-772. [doi: 10.1016/j.jbi.2009.08.007]

49. Nadkarni PM, Ohno-Machado L, Chapman WW. Natural language processing: an introduction. J Am Med Inform Assoc
2011 Sep;18(5):544-551 [FREE Full text] [doi: 10.1136/amiajnl-2011-000464] [Medline: 21846786]

50. Argamon S, Koppel M, Pennebaker JW, Schler J. Automatically profiling the author of an anonymous text. Commun. ACM
2009 Feb;52(2):119-123. [doi: 10.1145/1461928.1461959]

51. Heath JK, Weissman GE, Clancy CB, Shou H, Farrar JT, Dine CJ. Assessment of Gender-Based Linguistic Differences in
Physician Trainee Evaluations of Medical Faculty Using Automated Text Mining. JAMA Netw Open 2019 May
10;2(5):e193520. [doi: 10.1001/jamanetworkopen.2019.3520]

52. Goodfellow I, Bengio Y, Courville A. Deep learning. Cambridge, Massachusetts: The MIT Press; 2016.
53. Althnian A, AlSaeed D, Al-Baity H, Samha A, Dris AB, Alzakari N, et al. Impact of Dataset Size on Classification

Performance: An Empirical Evaluation in the Medical Domain. Applied Sciences 2021 Jan 15;11(2):796. [doi:
10.3390/app11020796]

54. Sordo M, Zeng Q. On Sample Size and Classification Accuracy: A Performance Comparison. In: International Symposium
on Biological and Medical Data Analysis. Berlin, Heidelberg: Springer; 2005:193-201.

55. Prusa J, Khoshgoftaar T, Seliya N. The Effect of Dataset Size on Training Tweet Sentiment Classifiers. In: Proceedings of
the 2015 IEEE 14th International Conference on Machine Learning and Applications (ICMLA).: IEEE; 2015 Presented at:
IEEE 14th International Conference on Machine Learning and Applications (ICMLA); December 9-11, 2015; Miami,
Florida, USA p. 96-102. [doi: 10.1109/icmla.2015.22]

56. Rahman MS, Sultana M. Performance of Firth-and logF-type penalized methods in risk prediction for small or sparse binary
data. BMC Med Res Methodol 2017 Feb 23;17(1):33 [FREE Full text] [doi: 10.1186/s12874-017-0313-9] [Medline:
28231767]

Abbreviations
CanMEDS: The Canadian Medical Education Directives for Specialists
CC: competence committee
ECOC: Error-Correcting Output Codes
McMAP: McMaster Modular Assessment Program
ML: machine learning
MLA: machine learning algorithm
NLP: natural language processing
PD: program director
WBA: workplace-based assessment

Edited by T Leung; submitted 19.05.21; peer-reviewed by T Vukušić Rukavina, M Elbattah, F Rudzicz; comments to author 18.08.21;
revised version received 05.12.21; accepted 30.04.22; published 27.05.22.

Please cite as:
Yilmaz Y, Jurado Nunez A, Ariaeinejad A, Lee M, Sherbino J, Chan TM
Harnessing Natural Language Processing to Support Decisions Around Workplace-Based Assessment: Machine Learning Study of
Competency-Based Medical Education
JMIR Med Educ 2022;8(2):e30537
URL: https://mededu.jmir.org/2022/2/e30537 
doi:10.2196/30537
PMID:35622398

©Yusuf Yilmaz, Alma Jurado Nunez, Ali Ariaeinejad, Mark Lee, Jonathan Sherbino, Teresa M Chan. Originally published in
JMIR Medical Education (https://mededu.jmir.org), 27.05.2022. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Medical Education, is properly cited. The
complete bibliographic information, a link to the original publication on https://mededu.jmir.org/, as well as this copyright and
license information must be included.

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e30537 | p.120https://mededu.jmir.org/2022/2/e30537
(page number not for citation purposes)

Yilmaz et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.jmir.org/2018/1/e26/
http://dx.doi.org/10.2196/jmir.8669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29358159&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2009.08.007
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=21846786
http://dx.doi.org/10.1136/amiajnl-2011-000464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21846786&dopt=Abstract
http://dx.doi.org/10.1145/1461928.1461959
http://dx.doi.org/10.1001/jamanetworkopen.2019.3520
http://dx.doi.org/10.3390/app11020796
http://dx.doi.org/10.1109/icmla.2015.22
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-017-0313-9
http://dx.doi.org/10.1186/s12874-017-0313-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28231767&dopt=Abstract
https://mededu.jmir.org/2022/2/e30537
http://dx.doi.org/10.2196/30537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35622398&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Critical Comparison of the Quality and Content of Integrated
Vascular Surgery, Thoracic Surgery, and Interventional Radiology
Residency Training Program Websites: Qualitative Study

Katherine Jensen1, BSc; Qi Yan1, MD; Mark G Davies1, MHPE, MD, DPhil
Division of Vascular and Endovascular Surgery, University of Texas Health at San Antonio, San Antonio, TX, United States

Corresponding Author:
Mark G Davies, MHPE, MD, DPhil
Division of Vascular and Endovascular Surgery
University of Texas Health at San Antonio
7703 Floyd Curl Drive
MC7741
San Antonio, TX, 78229
United States
Phone: 1 210 567 5715
Fax: 1 210 567 1762
Email: Daviesm@uthscsa.edu

Abstract

Background: With the move to virtual interviewing, residency websites are an important recruitment resource, introducing
applicants to programs across the country and allowing for comparison. Recruitment is highly competitive from a common
potential pool between vascular surgery, thoracic surgery, and interventional radiology with the ratio of applicants to positions
being highest in interventional radiology, followed by thoracic surgery and lastly vascular surgery, as reported by the National
Resident Matching Program.

Objective: The aim of this study is to evaluate the accessibility and availability of online content for those integrated residency
programs.

Methods: A list of accredited vascular surgery, thoracic surgery, and interventional radiology residencies was obtained from
the Accreditation Council for Graduate Medical Education (ACGME) database. Program websites were evaluated by trained
independent reviewers (n=2) for content items pertaining to program recruitment and education (scored absent or present).
Statistical analysis was performed in R software.

Results: Of ACGME-accredited programs, 56 of 61 (92%) vascular surgery, 27 of 27 (100%) thoracic surgery, and 74 of 85
(87%) interventional radiology programs had functional websites (P=.12). Vascular surgery websites contained a median of 26
(IQR 20-32) content items, thoracic surgery websites contained a median of 27 (IQR 21-32) content items, and interventional
radiology websites contained a median of 23 (IQR 18-27) content items. Two content items considered highly influential to
applicant program decisions are procedural experience and faculty mentorship, which were reported at 32% (18/56) and 11%
(6/56) for vascular surgery, 19% (5/27) and 11% (3/27) for thoracic surgery, and 50% (37/74) and 15% (11/74) for interventional
radiology (P=.008 and P=.75), respectively. Key deficits were work hours, debt management, and curriculum for interventional
radiology; resident profiles, sample contracts, and research interests in vascular surgery; and operative experiences and the program
director’s contact and message for thoracic surgery. Interventional radiology deficits were work hours, and thoracic surgery
deficits were procedural experience. Both interventional radiology and thoracic surgery websites lacked information on evaluation
criteria and faculty mentorship.

Conclusions: This study has uncovered key differences in the availability of online content for residencies recruiting from the
same pool of applicants. Thoracic surgery has the most information, followed by vascular surgery, with interventional radiology
reporting the least content. In the era of virtual interviewing from the same potential pool of applicants, programs should review
and revise their web presence with the aim to increase the availability of online content to attract valuable candidates.

(JMIR Med Educ 2022;8(2):e35074)   doi:10.2196/35074
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Introduction

The role of vascular surgeons in the medical environment has
changed considerably with the increasing use of endovascular
approaches for treatment of vascular lesions [1]. By 2026, it is
predicted that 75% to 95% of overall vascular lesions
(aneurysms, stenosis, occlusive disease, traumatic vascular
lesions, etc) will be treated endovascularly [1,2]. Vascular
surgery, as always, will continue to compete in recruitment with
cardiac surgery for procedural domain, but with the increasing
use of endovascular approaches, it faces additional recruitment
competition from interventional radiology [2]. Due to the
overlap in patient populations, professional interests, skills, and
treatments performed by vascular surgeons, thoracic surgeons,
and interventional radiologists, these specialties appeal to a
common potential applicant pool, and recruitment is highly
competitive among these training programs.

Candidates for residency programs increasingly use the internet
to research potential programs for application [3-6]. Online
information has been analyzed for a range of residency and
fellowship programs, including orthopedic surgery, plastic and
reconstructive surgery, emergency medicine, cardiothoracic
surgery, neurosurgery, otolaryngology, trauma surgery, surgical
critical care, acute care surgery, microsurgery, interventional
radiology, and vascular surgery [3-5,7-27]. Studies have
individually analyzed the availability of online content for
integrated vascular surgery [27], thoracic surgery [12], and
interventional radiology [15,25] training program websites, but
to our knowledge, no study has compared the accessibility and
availability of online content across these training paradigms.
Given the importance of online resources in recruiting
prospective applicants and the current mandates to move to
virtual interviewing, we sought to assess the current state of
integrated vascular surgery, thoracic surgery, and interventional
radiology training program websites. The purpose of this study
is to evaluate the presence, accessibility, and comprehensiveness
of integrated vascular surgery, thoracic surgery, and
interventional radiology training program websites.

Methods

Study Design
A comprehensive list of accredited integrated vascular surgery,
thoracic surgery, and interventional radiology residencies was

obtained from the Accreditation Council for Graduate Medical
Education (ACGME) database. Programs participating in the
2020 National Resident Matching Program (NRMP) were
eligible for study inclusion. Following identification of all
programs with websites, programs were accessed and evaluated
by two independent reviewers (one medical student and one
resident) for availability of recruitment and educational content
items. The websites were viewed independently by each
reviewer. The program search and review was performed in
November 2019.

Research Question
Are there key differences in the three specialty program websites
for integrated residencies that could potentially impair
recruitment efforts in the virtual environment?

Accessibility of Websites
Accessibility of websites was determined by surveying the
ACGME database for the total number of programs listed and
the presence or absence of website links. Links, if they were
provided, were characterized as either functional or
nonfunctional. Functional links led to a website. Nonfunctional
links led to an error page. Functional links were then evaluated
as being either direct (landing directly on the program webpage)
or indirect (landing on a different page such as the departmental
website, requiring further action by the reviewer to access the
specific program webpage if possible).

Availability of Content
Websites for integrated vascular surgery, thoracic surgery, and
interventional radiology residency programs were analyzed for
availability of information used to inform and recruit prospective
applicants. Content items on recruitment and education (listed
in Textbox 1) were selected based on ACGME program
requirements as well as previously published literature reviewing
the online content of residency and fellowship programs
[5,14,19,20]. Content on the training program websites was
counted as present if it was present on the main training program
webpage or it was accessible via a direct link provided on the
main training program webpage.
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Textbox 1. Content features included in evaluation of integrated vascular surgery, integrated thoracic surgery, and integrated interventional radiology
training program websites.

Program recruitment (n=41)

• Program description

• Number incoming positions available

• Faculty listing

• Faculty education and training history

• Faculty profile (descriptive)

• Faculty publications

• Faculty contact information

• Current residents

• Resident education history

• Resident profiles

• Resident contact information

• Alumni listing

• Alumni education history

• Alumni contact information

• Alumni career placement

• Board examination performance

• Program chair message

• Program director message

• Program director contact

• Administrative/coordinator contact

• Facility description

• Application requirements

• Selection process

• Interview dates

• Interview day details

• Electronic Residency Application Service (ERAS) link

• If present, is ERAS link functional?

• Call requirement

• Contract

• Salary

• Work hours

• Benefits

• Vacation

• City information

• Domestic considerations

• Well-being strategies

• Debt management

• Meal allowance

• Educational fund

• Parking

• Visa
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Program education (n=16)

• Rotation schedule

• Didactic instruction

• Research requirements

• Research interests (department/faculty)

• Operative experience

• Journal club

• Conference schedule

• National/regional meetings attended

• Evaluation criteria

• Faculty mentorship

• National organization link

• Curriculum

• Company link

• Elective rotation

• Simulation training

• Vascular lab

Program Recruitment and Education
Websites were evaluated for content relevant to program
recruitment and education. Program recruitment information
included faculty listings, faculty and departmental research
interests, alumni career placements, and information on current
residents. Recruitment information regarding the application
and interview process as well as general resident quality of life
metrics were also evaluated (see Textbox 1). Program education
content addressed operative and didactic training. It also covered
resident research opportunities. Overall, 41 program recruitment
and 16 program education content items were evaluated.

Rater Training and Consistency
Each website was accessed and evaluated by two reviewers (one
medical student and one resident) for availability of content
items as well as quality of websites (determined as a function
of four dimensions: content, design, organization, and user
friendliness). Each reviewer was trained by examining an
optimal website, an average website, and a below average
website with the senior author. Disputed assessments were
resolved by consensus following discussion with the senior
author. Reviewers were not blinded.

Overall, there was considerable interrater reliability with 81%
agreement (κ=0.74).

Data Analysis
Intergroup analysis of continuous variables was performed using
ANOVA. Categorical variables were compared using chi-square

analysis. Statistical significance was defined as P<.05. Percent
agreement and kappa statistics were calculated for interrater
reliability. Statistical analysis was performed using statistical
software R version 4.0.0 (R Foundation for Statistical
Computing).

Ethical Approval
All data reviewed was open to the public, and there was no
contact with fellowship staff; thus, no institutional review board
review, ethics approval, or informed consent was necessary.

Results

Accessibility of Websites
Of the programs included in this analysis, 87% (53/61) of the
vascular surgery, 89% (24/27) of the thoracic surgery, and 95%
(81/85) of the interventional radiology programs provided a
link to their program webpage on the ACGME webpage (P=.18).
Of those programs that provided links, the majority of the links
were functional with no difference between the specialties
(P=.24). However, few links landed directly on the program
webpage. Less than one-third of the programs with functional
links provided links that landed directly on the program webpage
(P=.52). Overall, 56 of 61 (92%) vascular surgery, 27 of 27
(100%) thoracic surgery, and 74 of 85 (87%) interventional
radiology programs had a dedicated webpage (Table 1).
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Table 1. Accessibility of integrated vascular surgery, integrated thoracic surgery, and integrated interventional radiology training program websites
from the Accreditation Council for Graduate Medical Education webpage.

P valueInterventional radiologyThoracic surgeryVascular surgery

N/Aa852761Programs

.1881 (95)24 (89)53 (87)Providing website linksb, n (%)

.2474 (91)21 (88)47 (89)Functioning links, n (%)

.5217 (23)7 (33)17 (32)Direct links, n (%)

aN/A: not applicable.
bAccreditation Council for Graduate Medical Education links were accessed November 2019.

Availability of Content
Content was assessed in two domains: recruitment and
education. Of the 57 recruitment and educational content items
included in this analysis, vascular surgery program webpages
contained a median of 26 (IQR 20-32) content items, thoracic
surgery program webpages contained a median of 27 (IQR
21-32) content items, and interventional radiology program
webpages contained a median of 23 (IQR 18-27) content items.
Of the 41 recruitment content items included in this analysis,
vascular surgery program webpages contained a median of 19.5

(IQR 15-24) content items, thoracic surgery program webpages
contained a median of 20 (IQR 16-24) content items, and
interventional radiology program webpages contained a median
of 18 (IQR 15-21) content items. Of the 16 education content
items included in this analysis, vascular surgery program
webpages contained a median of 7 (IQR 4-9) content items,
thoracic surgery program webpages contained a median of 6
(IQR 4-7) content items, and interventional radiology program
webpages contained a median of 4 (IQR 3-7) content items
(Table 2).
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Table 2. Availability of content on US integrated vascular surgery, integrated thoracic surgery, and integrated interventional radiology training program
websites.

P valueInterventional radiology
(n=74), n (%)

Thoracic surgery
(n=27), n (%)

Vascular surgery
(n=56), n (%)

Program recruitment

.1469 (93)26 (96)56 (100)Program description

.2373 (99)27 (100)53 (95)Faculty listing

.9868 (92)25 (93)52 (93)Faculty education (training history)

.1463 (85)22 (82)53 (95)Admin/coordinator contact

.02 a68 (92)19 (70)46 (82)Faculty profile (descriptive)

.3450 (68)22 (82)42 (75)Application requirements

.9347 (64)16 (59)35 (63)ERASb link

.9347 (64)16 (59)35 (63)If present, is ERAS link functional?

.9951 (69)19 (70)39 (70)Benefits

.00749 (66)22 (82)50 (89)Facility description

.0845 (61)20 (74)44 (79)Number of incoming positions available

.8948 (65)17 (63)34 (61)Salary

.4947 (64)20 (74)40 (71)Current residents

.6946 (62)18 (67)32 (57)Vacation policy

.0343 (58)8 (30)24 (43)Program director contact

.0640 (54)19 (70)24 (43)Faculty publications

.3637 (50)17 (63)26 (46)Well-being strategies

.3435 (47)16 (59)33 (59)City information

.3035 (47)12 (44)19 (34)Educational fund

.1134 (46)17 (63)35 (63)Resident education history

.1634 (46)9 (33)17 (30)Parking

.1932 (43)16 (59)32 (57)Domestic considerations

.8732 (43)12 (44)22 (39)Visa

.1329 (39)13 (48)32 (57)Interview dates

.7627 (37)9 (33)17 (30)Faculty contact information

.4827 (37)11 (41)16 (29)Meal allowance

.2521 (28)7 (26)9 (16)Sample contract

.0221 (28)16 (59)22 (39)Call requirement

.1618 (24)3 (11)17 (30)Program director message

.6018 (24)7 (26)10 (18)Resident profiles

.6318 (24)5 (19)10 (18)Interview details

.2717 (23)7 (26)20 (36)Alumni listing

.8517 (23)6 (22)15 (27)Alumni career placement

.1413 (18)2 (7)4 (7)Selection process

<.0018 (11)11 (41)22 (39)Debt management

.906 (8)3 (11)5 (9)Resident contact information

<.0016 (8)12 (44)12 (21)Work hours

.062 (3)1 (4)7 (13)Alumni education history

.791 (1)0 (0)1 (2)Alumni contact information
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P valueInterventional radiology
(n=74), n (%)

Thoracic surgery
(n=27), n (%)

Vascular surgery
(n=56), n (%)

.131 (1)2 (7)5 (9)Program chair message

.101 (1)0 (0)4 (7)Board examination performance

Program education

.0245 (61)19 (70)47 (84)Rotation schedule

.00849 (66)16 (59)22 (39)Research interests (department)

.3242 (57)17 (63)39 (70)Didactic instruction

.0439 (53)19 (70)41 (73)Research requirements

.00837 (50)5 (19)18 (32)Operative experience

.00825 (34)11 (41)34 (61)Journal club

.2023 (31)11 (41)26 (46)Meetings attended

.0720 (27)12 (44)25 (45)Elective rotation

.1918 (24)6 (22)21 (38)Conference schedule

.0112 (16)10 (37)21 (38)Curriculum

.7511 (15)3 (11)6 (11)Faculty mentorship

<.00110 (14)2 (7)36 (64)Vascular lab

.048 (11)7 (26)4 (7)National organization link

.085 (7)6 (22)9 (16)Evaluation criteria

<.0013 (4)9 (33)19 (34)Simulation training

.260 (0)1 (4)2 (4)Company link

aItalics indicate significant values.
bERAS: Electronic Residency Application Service.

Vascular Surgery
For program recruitment, almost all programs provided
information on program description, faculty listing, faculty
education, administrator or coordinator contact information,
facility description, descriptive faculty profiles, and the number
of incoming positions. The majority of programs provided
information on application requirements, a functional link to
the Electronic Residency Application Service (ERAS), benefits,
salary, current residents, city information, resident education
history, domestic considerations, vacation policy, and interview
dates. Less than one-half of programs provided information on
program director contact information, faculty publications,
well-being strategies, faculty contact information, program
director message, alumni listing, alumni career placement,
educational fund, parking, nonnational visa information, meal
allowance, call requirement, alumni career placement, and debt
management. Fewer than one-quarter of the programs provided
information on sample contracts, resident profiles, interview
details, work hours, and alumni education history. Almost no
programs provided information on their selection process,
resident contact information, program director message, board
examination performance, and alumni contact information
(Table 2).

For program education, almost all programs provided
information on rotation schedule (84%; 47/56). The majority
of programs provided information on didactic instruction,
research requirements, journal club, and vascular lab training

(Registered Physician in Vascular Interpretation [RPVI]). Less
than one-half of programs provided information on departmental
research interests, operative experience, meetings attended,
elective rotations, conference schedule, curriculum, and
simulation training. Fewer than one-quarter of the programs
provided information on evaluation criteria and faculty
mentorship. Almost no programs provided information on
national organizational links and cardiovascular product
company links (Table 2).

Thoracic Surgery
For program recruitment, almost all programs provided
information on program description, faculty listing, faculty
education, administrator or coordinator contact information,
facility description, and application requirements. The majority
of programs provided information on descriptive faculty profiles,
a functional link to ERAS, benefits, the number of incoming
positions available, salary, current residents, faculty
publications, well-being strategy, city information, resident
education history, vacation policy, call requirements, and
domestic considerations. Less than one-half of programs
provided information on program director contact information,
interview date, faculty contact information, sample contracts,
resident profiles, alumni listings, debt management, educational
fund, parking, nonnational visa information, meal allowance,
and work hours. Fewer than one-quarter of the programs
provided information on program director message, alumni
career placement, interview details, and resident contact
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information. Almost no programs provided information on
selection process, alumni education history, program chair
message, board examination performance, and alumni contact
information (Table 2).

For program education, the majority of programs provided
information on rotation schedule, departmental research
interests, didactic instruction, and research requirements. Less
than one-half of programs provided information on journal club,
meetings attended, elective rotation, curriculum, national
organization links, and simulation training. Fewer than
one-quarter of the programs provided information on operative
experiences, conference schedule, faculty mentorship, and
evaluation criteria (Table 2). Almost no programs provided
information on vascular lab training (RPVI), which should be
expected as it is not a core component of thoracic surgery.

Interventional Radiology
For program recruitment, almost all programs provided
information on program description, faculty listing, faculty
education, administrator or coordinator contact information,
and descriptive faculty profiles. The majority of programs
provided information on application requirements, a functional
link to ERAS, facility description, vacation policy, benefits, the
number of incoming positions available, salary, current
residents, program director contact information, and faculty
publications. Less than one-half of programs provided
information on well-being strategies, city information,
educational fund, parking, nonnational visa information, meal
allowance, call requirement, resident education history, domestic
considerations, interview dates, faculty contact information,
and sample contracts. -quarter of the programs provided
information on a program director message, resident profiles,
interview details, alumni listing, alumni career placement,
selection process, and debt management. Almost no programs
provided information on resident contact information, work
hours, alumni education history, program chair message, board
examination performance, and alumni contact information
(Table 2).

For program education, the majority of programs provided
information on rotation schedule, departmental research interests
(49/74, 66%), didactic instruction, and research requirements.
Less than one-half of programs provided information on
operative experiences, journal club, meetings attended, and
elective rotations. Fewer than one-quarter of the programs

provided information on conference schedule, curriculum,
faculty mentorship, vascular lab training (RPVI), and national
organization links. Almost no programs provided information
on evaluation criteria, simulation training, and cardiovascular
product company links (Table 2).

Comparison of Content Availability
Vascular surgery webpages provided the most information on
rotation schedule, journal club, and vascular lab (as compared
to thoracic surgery and interventional radiology webpages
(P=.02, P=.008, and P<.001, respectively). Vascular surgery
webpages provided less information on departmental research
interests as compared to thoracic surgery and interventional
radiology webpages (P=.008; Table 2).

Thoracic surgery webpages provided the most information on
call requirement, national organization link, and work hours as
compared to vascular surgery and interventional radiology
webpages (P=.02, P=.04, and P<.001, respectively). Thoracic
surgery webpages provided less information on descriptive
faculty profile as compared to vascular surgery and
interventional radiology webpages (P=.02; Table 2).

Interventional radiology webpages provided the most
information on operative experience and program director
contact information as compared to vascular and thoracic
surgery webpages (P=.008 and P=.03, respectively).
Interventional radiology webpages provided less information
on facility description, debt management (P=.007), research
requirements (P<.001), curriculum (P=.04), and simulation
training (P<.001) as compared to vascular surgery and thoracic
surgery webpages (Table 2).

Quality of Websites
On an overall assessment, integrated vascular surgery, thoracic
surgery, and interventional radiology websites were found to
be comparable. The average vascular surgery website score was
2.66 (SD 0.95), the average thoracic surgery website score was
2.18 (SD 0.92), and the average interventional radiology website
score was 2.25 (SD 0.88). The vascular surgery websites had
the highest scores in content, design, organization, and
user-friendliness. The thoracic surgery websites had the lowest
scores in content, organization, and user-friendliness, while the
interventional radiology websites had the lowest score in design.
Additional details regarding website quality, broken down by
category, are visible in Table 3.

Table 3. Quality of US integrated vascular surgery, integrated thoracic surgery, and integrated interventional radiology training program websitesa.

Average quality, mean (SD)User friendliness,
mean (SD)

Organization, mean (SD)Design, mean (SD)Content, mean (SD)

2.66 (0.95)2.73 (0.90)2.75 (0.96)2.59 (0.99)2.57 (0.95)Vascular surgery

2.18 (0.92)2.26 (0.86)2.19 (1.08)2.22 (0.89)2.04 (0.85)Thoracic surgery

2.25 (0.88)2.34 (0.88)2.32 (0.97)2.05 (0.77)2.27 (0.90)Interventional radiology

aScale: 1=poor, 2=acceptable, 3=good, 4=great.
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Discussion

Principal Findings
As resident recruitment moves to a virtual platform, the internet
is an increasingly important resource for residency applicants
as they research programs. Thoracic surgery program webpages
had the most information, followed by vascular surgery program
webpages, with interventional radiology program webpages
reporting the least content. This trend in availability of content
items mirrors the percent of positions filled by each specialty,
with 100% of PGY-1 thoracic surgery positions filled, 97% of
vascular surgery PGY-1 positions filled, and 97% of PGY-1
interventional radiology positions filled (with 94% of PGY-2
interventional radiology positions filled), as reported by the
NRMP 2020 Main Residency Match Results and Data report
[28].

Other factors, beyond program websites, that have been
identified to influence applicant interest in a program include
geography, advice from a mentor, advice from a peer, and other
online information. The integrated vascular track was first
accredited by the ACGME in 2006 [27], the first integrated
thoracic surgery program accepted residents in 2007 [29], and
the first integrated interventional radiology programs
participated in the NRMP in 2016 [30]. The majority of these
integrated programs have been established for less than 10 years.
This increase in the number of integrated programs, though
necessary to meet the high demand for integrated residency
positions, means that many programs do not have an established
national presence. Applicants cannot receive the same quality
of advice from mentors and peers on newer programs, as
compared to programs that have been established for longer
periods of time. Furthermore, many programs are geographically
clustered, specifically in the northeast and along the west coast
(see Figure 1). These factors combine to place additional weight
on program websites, perhaps serving as the initial source of
information for potential applicants and allowing for
comparison.

Of ACGME-accredited programs, 56 of 61 (92%) vascular
surgery programs, 27 of 27 (100%) thoracic surgery programs,
and 74 of 85 (87%) interventional radiology programs had
functional websites. Thoracic surgery program webpages had
the most information (content item median 27, IQR 21-32), then
vascular surgery program webpages (content item median 26,
IQR 20-32), with interventional radiology program webpages
reporting the least content (content item median 23, IQR 18-27).
The greater amount of content on vascular surgery and thoracic
surgery program webpages could be expected, given the young
age of many interventional radiology programs. Previous studies
have acknowledged integrated interventional radiology program
webpages to be a work in progress [15]. This study confirms
that finding in relation to longer-established vascular surgery
and thoracic surgery program webpages.

Two content items that have been identified to be highly
influential to the applicant program decision are operative
experience and faculty mentorship [31-33]. This analysis found
those items to be reported at 32% (18/56) and 11% (6/56) for
vascular surgery, 19% (5/27) and 11% (3/27) for thoracic

surgery, and 50% (37/74) and 15% (11/74) for interventional
radiology programs (P=.008 and P=.75), respectively.
Additional notable deficits for vascular surgery websites were
resident profiles, sample contracts, and departmental research
interests. Thoracic surgery websites lacked program director
contact information and message as well as information on
operative experience. Interventional radiology websites had
deficits in work hours, debt management, and curriculum. All
specialty websites had deficits in evaluation criteria and faculty
mentorship. In addition to addressing the deficits in program
recruitment and education content items, the deficits in lifestyle
management cannot be disregarded; medical students
increasingly report controllable lifestyle as a major factor in
specialty choice [34,35].

The deficits identified by this analysis are comparable to deficits
identified for other specialties. Other studies have found
considerable deficits in newsletter, resident listings and
photographs, faculty contact information, and away elective
rotation information for dermatology websites [3]; resident call
schedule, alumni career placement, and salary for orthopedic
surgery websites [7]; academic conference schedule, call
schedule, operative case listing, graduate fellowship information,
and board exam performance for plastic surgery websites [19];
evaluation criteria, call schedule, operative exposure, national
meetings attended, debt management, alumni contact, and work
hours for neurosurgery websites [20]; call schedule, away
elective rotation information, resident profiles, and faculty
research for general surgery websites [21]; and call schedule,
active/past research projects, area information, message from
the program director or chair, selection criteria, salary, and
surgical statistics for otolaryngology websites [22].

Overall, we recommend that programs address the deficits in
specific content items identified by this analysis. Given the
increasingly important role of online information in the
residency application process and the anticipated transition to
a virtual application process for the 2021 cycle, it would
behoove programs to increase their online presence. In addition
to the content items included in this analysis, it might be fitting
for programs to include more personal information (ie, more
detailed resident and attending profiles) to give applicants a
better idea of the personality of different programs, replacing
the role previously served by in-person away rotations and
interviews.

This study had several limitations. First, this data is
representative of what information was available online at the
time of data collection. It is possible that websites could have
been edited or new program websites could have been published
since that time. Additionally, though an extensive list of content
items were evaluated by reviewers regarding program
recruitment and education, it is possible that other unmentioned
content items could hold bearing on an applicant’s decision.
Finally, reviewers were not blinded to what program they were
evaluating. Thus, any inherent bias reviewers might have had
for particular programs was not controlled for. The nature of
this study did not lend itself to evaluating the association
between website content, to what specialty and to what programs
applicants apply, and ultimate applicant program placement.
Future studies could seek to characterize this trajectory.
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Figure 1. Map of integrated vascular surgery (orange), thoracic surgery (black), and interventional radiology (silver) training programs.

Conclusion
This study has uncovered key differences in the availability of
online content for residency programs recruiting from the same
pool of applicants. Thoracic surgery program webpages have
the most information, then vascular surgery program webpages,
with interventional radiology program webpages reporting the

least content. Recruitment is highly competitive between
vascular surgery, thoracic surgery, and interventional radiology
with the ratio of applicants to positions being highest for thoracic
surgery, then interventional radiology, and lastly vascular
surgery, as reported by ERAS. To attract valuable candidates,
programs should aim to increase the availability of online
content for potential applicants.
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Abstract

Background: Clinical workplace learning takes place in a dynamic and complex learning environment that is designated as a
site for patient care and education. Challenges in clinical training can be overcome by implementing blended learning, as it offers
flexible learning programs suitable for student-centered learning, web-based collaboration, and peer learning.

Objective: The aim of this study is to evaluate the Small Private Online Course (SPOC) by interns’ first impressions and
satisfaction measures (N=20) on using the SPOC. This study describes the design process of a SPOC from a theoretical and
practical perspective and how it has been integrated into a clinical internship in internal medicine.

Methods: The design of the SPOC was based on general theoretical principles that learning should be constructive, contextual,
collaborative, and self-regulated, and the self-determination theory to stimulate intrinsic motivation. Interns’ impressions and
level of satisfaction were evaluated with a web-based questionnaire and group interview.

Results: Interns thought the web-based learning environment to be a useful and accessible alternative to improve knowledge
and skills. Peer learning and web-based collaboration through peer interaction was perceived as less effective, as student feedback
was felt inferior to teacher feedback. The interns would prefer more flexibility within the course, which could improve self-regulated
learning and autonomy.

Conclusions: The evaluation shows that the SPOC is a useful and accessible addition to the clinical learning environment,
providing an alternative opportunity to improve knowledge and skills. Further research is needed to improve web-based collaboration
and interaction in our course.

(JMIR Med Educ 2022;8(2):e29624)   doi:10.2196/29624
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blended learning; design-based research; web-based learning; workplace learning; medical education; clinical internship

Introduction

Blended Clinical Workplace Learning
Clinical workplace learning (WPL) mostly takes place during
normal daily collaboration and patient care activities, or
organized formal learning activities [1,2]. It happens in a
complex learning environment that is known to face many
challenges. Patient cases tend to increase in complexity, whereas

educational exposure is often insufficient, and time pressure
leads to insufficient observation and assessment of the learner
and suboptimal support within the diagnostic process [3-6].
Another challenge is the lack of sustained relationships among
students, teachers, and patients [7,8]. These challenges, among
others, lead to suboptimal clinical training.

Blended learning can be used to remedy several of these
problems. Blended learning refers to a deliberate blending of
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face-to-face and web-based learning, with the goal of stimulating
and supporting learning [9]. When thoughtfully designed,
blended learning can improve education [10]. It may shift
education to a more active and learner-centered approach, where
the learner is in control, and may better fit the needs of different
learning styles that students might have [11-13]. Overall,
blended learning is more effective than traditional learning and,
when carefully designed, has been demonstrated to have better
effects on knowledge outcomes, learner motivation, and
satisfaction than traditional face-to-face learning [10,14-17].

The web-based component of blended learning permits flexible
education at a time, place, and pace convenient for the learner
[18]. It can also help learners to share knowledge and
experiences through web-based discussion forums and
collaborative assignments with others although geographically
dispersed. As web-based learning is complementary to
instructor-led training, it can best be integrated in a blended
learning curriculum [18,19]. The web-based component of
blended learning in medical education can help students develop
clinical reasoning skills by adding web-based patient experiences
to real-world patient exposure.

Small Private Online Courses
A Small Private Online Course (SPOC) is one possible
instrument to blend web-based learning with clinical WPL. The
SPOC concept was first introduced in 2013, and it has been
progressively implemented in higher education thereafter. This
type of course is often used locally with on-campus students
and has a limited number of students that can enroll in the course
[20]. Previous reports have shown that SPOCs can be feasible
and suitable environments for student learning and fulfill
students’ need for social interaction [19,21-23]. In medical
education, SPOCs can positively impact professional practice
and are thought to improve the management of patients [21,24].
It was shown that SPOCs need a flexible program and supportive
environment to make them work [18]. SPOCs are relatively
new in clinical WPL, and much is still unknown about how
SPOCs can be optimally developed and integrated in clinical
WPL. This information is required to improve the deployment
of such blended programs in clinical training and in the end to
improve the training of our future physicians.

The development of a dedicated SPOC instead of using publicly
available course materials has the advantage that several
secondary conditions such as contents definition, availability
to interns, the alignment of goals, desired teaching modes, and
assessments can be addressed by design. This avoids many of
the current challenges with using open web-based education
from others as described by de Jong et al [25] and Hendriks et
al [26,27], such as limited constructive learning and a lack of
certain desired teaching modes.

Background and Objective
In 2017, we developed a SPOC for the Internal Medicine
internship at Leiden University Medical Center (LUMC) in the
Netherlands. The theoretical framework of the course is based
on the self-determination theory (SDT) [28] and the general
learning principles that learning should be constructive,
contextual, collaborative, and self-regulated [29]. SDT offers

a framework for driving intrinsic student motivation by
stimulating autonomy, competence, and relatedness [28,30]. In
the SPOC, groups of interns work on authentic clinical scenarios,
use resources, and discuss with peers and teachers on a forum.
The SPOC has been fully integrated into WPL; this means that
knowledge and skills that are trained on the web can be directly
transferred to the clinical environment where the interns have
practical training and vice versa. In this paper, we evaluate the
final design of the SPOC from a theoretical perspective. We
report on the perceptions of interns on using this web-based
resource in clinical WPL and their level of satisfaction. With
the results, we hope to gain insight in the added value of
introducing the SPOC in the WPL environment of our clinical
internship.

Methods

Context
In the Netherlands, medicine students enter medical school at
the bachelor level, which is followed by internships at the master
level. At LUMC, each month approximately 20 interns start
their clinical internships. In the first 4 weeks, the interns attend
a joint program at the university. The so-called introductory
internship (2 weeks) prepares them for the internships in general
and is being followed by a specific 2-week theoretical course
as preparation for the Internal Medicine internship. Thereafter,
they start their clinical internship in Internal Medicine (12
weeks), in which they work in different affiliated hospitals in
the region and cannot meet each other physically. A major aim
during the internship is to obtain clinical reasoning skills for a
broad range of clinical scenarios. However, the interns only
have limited exposure to new patients who have not yet been
diagnosed by other physicians, and the clinical scenarios that
interns face in practice do not cover all the clinical scenarios
that they need to know and understand. Collaboration between
peers is limited because the group of interns is split up to have
their internship in different hospitals.

Design of the SPOC

Overview
To overcome several of the limitations mentioned, a SPOC has
been developed. The course was designed using a design-based
research approach in which practical and theoretical aspects are
integrated in the educational design [29,31]. Attending the SPOC
is facultative but highly recommended. However, once an intern
decides to participate, several of the learning activities are
obligatory to complete the lessons.

Practical Aspects
For the development of the course, a group of stakeholders has
been identified including clinical interns, clinical teachers,
educational experts, technical experts, and a graphic designer.
During a dedicated learning experience design (LED) session
the stakeholders set a framework for the SPOC, including the
team and course’s goals (eg, improve patient expose), students’
needs (eg, track progression within the course), learning goals
(eg, improve clinical reasoning skills), and the aimed look and
feel (eg, authenticity of the cases).
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Description of the SPOC
The outcomes of the LED session were used to define the exact
content and learning activities centered around authentic clinical
problems that are typically encountered in internal medicine.
NEO Learning Management System was used as a platform for
the SPOC. Authentic cases in Dutch were developed to train
clinical reasoning skills and medical knowledge. The SPOC
has a modular design that involves preparing for the internships
(2 weeks), internal medicine (2 weeks), and several inpatient,
outpatient, and emergency room cases (12 weeks). Every week,
the interns can study 1 new activity. A course overview of the

12 clinical weeks is shown in Figure 1. The lessons consist of
various obligatory and optional assignments and learning
activities including simulated patient cases, virtual reality
applications (a virtual reality ward experience and professional
or unprofessional behavior experience), group assignments,
videos, e-learnings, e-readings, assignments, web-based exams,
discussion forums, and peer feedback sessions. Exemplary
screenshots of the intervention can be found in Figure 2. New
knowledge can be directly applied to the clinical workplace
where the interns work. Interns’ progression is tracked in the
course, and it offers access to resources they can use in the
workplace.

Figure 1. Small Private Online Course (SPOC) layout. Assessments during the 12 weeks of the clinical internship are displayed only (lessons presented
in preparting for the internships and internal medicine are not displayed). The lessons include several inpatient, outpatient, and emergency room cases
and assignments related to those participants.
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Figure 2. Exemplary screenshots of exercises in the Small Private Online Courses (SPOCs) as they are offered to the students.

Theoretical Aspects
On the basis of the SDT and the general learning principles that
learning should be constructive, contextual, collaborative, and
self-regulated, authentic patient cases that are centered around
virtual reality patients with complaints of diabetes, electrolyte
disorders, infectious diseases, oncological diseases, and tiredness
in a setting of the inpatient clinic, outpatient clinic, or emergency
room have been developed. A 3D virtual reality patient ward
has been developed, giving the interns a realistic impression of
the inpatient setting. It aims to introduce interns to the ward and
ward rounds and train professional standards such as hygiene
regulations. Constructive learning activities such as doing rounds
on 3D virtual reality patients with increasing complexity are
used to gather knowledge and to improve learning effectiveness
in the workplace.

Relatedness is promoted in the SPOC, as the interns (who work
in different hospitals and do not have contact) meet up on the
web on discussion forums, during peer feedback sessions and
group assignments. This stimulates collaboration and relatedness
among interns who would normally not meet each other during
the internship. Collaborative forum assignments are included
for peer learning and direct feedback by both peers and
dedicated clinical teachers. Peer feedback is either given through
open peer discussion on a forum or using a rubric format. Peer
discussion, in this case on the web, might help interns to develop
their critical thinking and clinical reasoning skills. Interns are
prepared on their role as assessors by a web-based peer feedback
training.

Besides obligatory content, the SPOC contains several optional
assignments and resources that interns can choose from. The
roster during the internship is different for each intern. An intern
can spend 2 weeks in the cardiology department, whereas
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another intern works in the emergency room. Therefore, the
interns can choose several sequential assignments for more
extensive learning, depending on the training they need at that
specific moment. By stimulating autonomy and attention to
precourse goal setting and tracking and ranking course activity,
it is aimed that interns can control their own learning process.

Training and assessment of competencies occur through peer
feedback and self-assessment. Interns that have self-assessed
their competencies and know that they are on the right track
feel more confident while carrying out their new skills on real
patients. In this blended program, skills that are trained on the
web can be directly transferred to clinical practice. Practical
examples of the integration of theory in the SPOC are shown
in Figure 3.

Figure 3. Examples of theoretical integration in the Small Private Online Course (SPOC). (A) Constructive learning in the clinical context. The figure
illustrates how interns go through an authentic simulated patient case in the SPOC. The learning objectives are defined for each learning activity
separately. For example, in one of the diabetes cases, the learning objectives are defined as follows. By the end of this lesson, the intern (1) is able to
distinguish between type 1 and type 2 diabetes based on epidemiology, history, physical examination, and additional tests; (2) knows the complications
of diabetes mellitus and knows the screening protocols; (3) knows the general treatment modalities for diabetes mellitus and cardiovascular risk
management; and (4) knows the chain of care for patients with diabetes and knows the physician’s role within the chain. (B) Collaborative learning and
relatedness. This figure displays a group assignment in the SPOC. A clinical scenario is described by one group of interns (group A), and another group
of interns (group B) elaborates their clinical reasoning process that is completed by a diagnosis. Thereafter, feedback is provided by both groups on the
quality of the case and the diagnosis, respectively. (C) Self-regulated learning or autonomy. The courses’ lessons contain required and facultative issues
for further learning.
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Participants
Participants were a first group of 20 interns who worked with
the SPOC during a pilot period. They enrolled during their
introductory internship and remained in the SPOC until
completion of their Internal Medicine internship. The
participants were in the first year of their clinical phase. In this
phase, interns are aged approximately 21 to 25 years, and, on
average, 60% to 70% are women. As the aim is to evaluate the
impressions of the first group, no sample size calculation has
been performed.

Instruments
The evaluation existed of a web-based questionnaire
(Multimedia Appendix 1) and an interview. The questionnaire
consisted of 15 Likert-scale questions and 5 open-ended
questions. The questionnaire contained questions that were
mostly based investigation of the SPOC’s design; for example,
what are the interns’ impressions of the aspects of the LED
session, the SDT, and learning principles that were used in the
SPOC’s design? It contained questions about the amount of
time invested in the SPOC and whether the interns thought the
SPOC to be useful, informative, and motivating. Interns were
also asked whether they experienced more patient exposure
while working in the SPOC and if they thought the cases were
authentic. The questionnaire also contained questions about
perceived competence, relatedness, and autonomy in the course.
The educational context was quite unique, and therefore, there
was no existing validated instrument available to measure the
intended outcomes.

Ethics Approval
As the study did not involve patients and no health intervention
has been administered to participants, the study was not
subjected to the Dutch WMO (Medical Research involving
Human Subjects Act). The study has been conducted in
compliance with the European Union General Data Protection
Regulation 2016/679, and data have been anonymized and stored
according to the Nederlandse Gedragscode
Wetenschapsbeoefening of the Universiteiten van Nederland
(Association of Universities The Netherlands). Institutional
educational review board approval was obtained under reference
OEC/ERRB/20220208/1. All interns provided written informed
consent to participate in the study. In the information letter, the
full study procedure was explained, as well as the option for
the interns to opt out of the study at any moment without any
reason.

Procedure
The students completed the weekly assignments and remained
in the SPOC until they had completed their Internal Medicine

internship. Subsequently, they were asked to fill out the
web-based questionnaire. A group interview was led by an
independent interviewer who had no intern-teaching relationship
with the interns. The interview used the snowball method: the
participants first individually recalled their own experiences
with the course, and then 2 participants paired up to discuss
their experiences and wrote down their most important findings,
which was repeated in groups of 4 participants. All the
experiences were shared with the group by oral presentation.
The interviews were audio recorded and converted into a
transcript by the first author (ECH).

Data Analysis

Questionnaire
Means and SDs were calculated for the Likert-scale questions
in the web-based questionnaire. The answers to the 5 open-ended
questions were summarized.

Interview
The first and third authors discussed the transcript coding
template, which was based on the different items in the
theoretical framework, until consensus was obtained. The
outcome was a template consisting of six predefined,
overarching themes: (1) contextual learning, (2) collaboration
and relatedness, (3) constructive learning, (4) self-regulated
learning or autonomy, (5) competence, and (6) other. For each
category, the same authors agreed on a definition for each theme.
The principal investigator (ECH) analyzed the interview data
and clustered the answers in the template using a Microsoft
Word.

Results

Collected Data
The aim of this study is to investigate the perceptions of interns
concerning the use of the SPOC using a questionnaire and
interview. Of the 20 interns eligible to enroll in the SPOC, 19
(95%) actually enrolled in the course, 10 (50%) finished the
whole course, and 1 (5%) never started. Ten interns filled out
the web-based questionnaire. Only questionnaires that were
fully completed were included in the analysis. All 20 interns
attended the group interview.

Questionnaire: Likert-Scale Questions
The results are shown in Table 1. The SPOC was valued as
being informative and useful to most of the interns, and they
felt that the patient cases were authentic. However, the
interaction with peers was found inadequate and not useful.
Interns’ perceptions on motivation to learn in the SPOC was
not optimal.
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Table 1. Outcomes of the web-based questionnaire (n=10).

Value, mean (SD)aQuestion

1.8 (0.92)b1. Time per week spent in the course (hours)

4.5 (1.96)2. Following the course is useful during the internship

5 (1.33)3. The course was informative

3 (1.49)4. The SPOCc was a motivation for learning

3.9 (1.91)5. I would recommend the course to peer students

4 (1.89)6. The knowledge obtained from the SPOC was fairly applicable to clinical practice

3.3 (1.64)7. Through working in the SPOC, my patient exposure has been increased

4.8 (1.23)8. The cases in the SPOC were authentic

3.6 (2.01)9. Making the cases, I really felt like a physician making decisions

4.1 (1.79)10. I felt more competent in clinical reasoning after finalization of the SPOC

4.7 (1.06)11. The SPOC had a good construction of increasing difficulty

4.1 (1.79)12. I could organize my own time well within the SPOC

2.4 (1.71)13. In the course, I had good interaction with peers

1.8 (1.03)14. The interaction with peers was useful

4.3 (1.70)15. The assignments and tests were challenging

aThe 7-point scale ranges as follows: (1) totally disagree to (4) neither disagree nor agree to (7) totally agree.
bNote that the number of of hours spent per week is displayed in this row.
cSPOC: Small Private Online Course.

Questionnaire: Open-ended Questions
The interns highlighted the patient cases as a positive aspect of
the course. They particularly valued their connection with
clinical practice and the elaboration and variety of relevant
cases. Furthermore, the interns appreciated the group assignment
in which they solve a patient case by finding the diagnosis.
Interns liked the graphical layout of the course. The SPOC
supported training clinical reasoning skills, although some
interns felt that those skills are better trained in practice or when
the specific SPOC cases were also experienced in clinical
practice. Concerning peer feedback, the interaction during the
patient cases was thought to be the most useful, as were the
feedback training and having insight in the answers of peers.
Some interns indicated that the technology to give feedback did
not always work well or that interaction in clinical practice was
more useful. The information about deadlines, the instruction
for how to give peer feedback, the quality of the feedback
received from peers, and the fixed order of the assignments
were mentioned as limitations of the course. Owing to time
constraints, some interns indicated they had difficulties
finalizing the mandatory contents within the lessons. They would
have preferred optional content only.

Interview
The interns were interviewed in their last week of the internship.
Table 2 shows a more detailed overview of the results of the
group interview. Constructive and collaborative learning were
clustered under 1 category because the interview data overlapped
in both categories.

The interns experienced the SPOC to be accessible and
adequately designed for them as a target group. The participants
felt the patient cases and SPOC content were useful and
informative. However, although authenticity was integrated in
the design of the SPOC, the participants felt that the contents
did not match the real world. It seemed unclear to them how
the SPOC should complement clinical WPL. They would prefer
assignments that matched the clinical problems they encountered
at that time instead of fixed weekly assignments.

Development of critical thinking skills by peer discussion was
also integrated in the SPOC’s design; however, the interns
indicated that they preferred model answers over peer
discussion. The participants also felt it was not really useful to
receive feedback from peers instead of a teacher, because in
their opinion peers know as much as they do themselves. In
general, feedback was perceived to be very short.

The interns indicated they had enough time to finish the
assignments during their normal day shifts, although not
everyone agreed. They also appreciated the facultative character
of the SPOC. They felt that more facultative assignments would
be helpful, although they addressed the possibility that nobody
would mind finishing them. They also indicated that they needed
more flexibility and choice in the course, and the fixed order of
the assignments did not work for everyone. Some participants
felt they had “finally reached the clinical phase of their
internship” and therefore did not appreciate completing
web-based assignments in this stage of the curriculum. They
also preferred a complete overview of a certain clinical
presentation instead of looking up information themselves
through links in the SPOC.
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Table 2. Group interview concerning SPOCa perceptionsb.

NegativePositiveTheme

Contextual learning •• Assignments did not match clinical problems encoun-

tered in WPLc
SPOC was adequately targeting interns

• Useful patient cases
• Content was handy and informative • Learning objectives were unclear

• Unclear how SPOC complements WPL
• Contents did not match the real world

—dCollaboration, relatedness, and
constructive learning

• Peer feedback is less useful than feedback from
teacher

• Interaction
• Interns wanted answer sheets instead of peer discus-

sion

Self-regulated learning or autono-
my

•• Tight deadlinesSufficient time to finish assignments during daily
shift • Time-consuming

• Nice that SPOC is not obligatory • Insufficient time to finish assignments during daily
shift

• Need more choice instead of fixed assignments
• Do not want theoretical assignments during the

practical phase
• Less obligatory and more optional assignments
• Want a complete overview of a clinical presentation,

instead of looking up information
• Wished the SPOC to be more motivating

Competence •• SPOC did not fill gaps encountered in clinical prac-
tice

Good patient cases, e-learnings, and quizzes
• Useful lessons, mainly virtual reality patients

• Watching videos seeing others taking history is not
active learning

• Useful for interns with less patient contacts and
less moments for clinical reasoning

• Learned more from observation in workplace• Enjoyed videos observing others taking history
• Need more specific physical exam tools instead of

observation general physical examination
• History taking videos led to discussion among

peers
• Need more assignments that specifically enhance

knowledge
• Those videos must be part of the training

Other •• Unclear deadlinesSPOC was accessible
• •Good learning environment Problems planning patient-related assignments

(suitable patients dismissed)• Videos were enjoyable
• Technical shortcomings
• Insufficient support

aSPOC: Small Private Online Course.
bThe positive and negative perceptions of the interns are displayed in the middle and right columns. Those were assembled in 6 predefined clusters (left
column). Collaboration and constructive learning have been clustered because of overlapping interview data.
cWPL: workplace learning.
dNot available.

The interns particularly valued the competence training received
through completion of the patient cases, e-learning, and quizzes.
The virtual reality patient cases and videos were rated as useful
and likable. The videos concerning observation of patient
interviews were enjoyable and led to useful discussion between
peers. However, others felt that observation in clinical practice
is more informative than watching web-based videos. Although
the virtual reality patient cases can be an alternative for
practicing clinical scenarios that have not been encountered in
live patient contact, the interns indicated that the SPOC did not
completely fill the gaps owing to the limited number of virtual
reality patient cases addressed in the SPOC.

In general, the interns appreciated the accessibility of the SPOC
and its learning environment, and the videos were enjoyable.
They were less content about the deadlines that sometimes

appeared to be unclear and the planning of SPOC activities that
were directly patient related, which was challenging because
of fast patient turnover rates. Completion of some of the
assignments was difficult because of technical shortcomings or
insufficient support.

Discussion

Principal Findings
In this study, a SPOC has been developed and implemented
into an internship curriculum of Internal Medicine at LUMC.
Course development was based on general learning principles
and SDT, aiming to promote learner motivation and optimize
the course’s quality and integration in the clinical curriculum.
The SPOC was evaluated by measuring the satisfaction of the
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interns with the course. Interns thought the SPOC to be a useful
and accessible addition to the clinical learning environment.
Peer learning and web-based collaboration through peer
interaction were perceived as less effective, as student feedback
was felt inferior to teacher feedback. The interns preferred more
flexibility within the course, which could improve self-regulated
learning and autonomy. Overall, the interns felt that the
web-based learning environment provided an alternative
opportunity to improve knowledge and skills.

Our SPOC was integrated into clinical practice by making it
part of the internship program, instead of using it as a
stand-alone web-based training. The advantage of this is that
learners can directly apply their new knowledge in clinical
practice and go back to the web-based resources for further
exploration of a topic. In our opinion, using design sessions and
a theoretical framework can facilitate integration of such a
course into an existing curriculum and can be an effective
solution for some of the complexities faced in clinical training.

From the results, we learned that the SPOC meets the
expectations for some of the categories fairly well, although the
overall student satisfaction seems to be modest. In general,
completing the SPOC assignments during the internships seemed
feasible but not for all interns. Concerning learning in the
clinical context, interns appreciated the authenticity and
usefulness of patient cases as an additional opportunity to
improve their clinical knowledge and skills. Regarding the
clinical skills development, the SPOC therefore meets our
hypothesis; however, this is not the case for stimulation of the
social cohesion of the interns through working in the SPOC.
The quantitative data show a modest to very low outcome on
several topics (score ≤3.3: motivation, interaction, and
usefulness of interaction with peers and feeling like a physician
making decisions).

It appeared that the interns were not satisfied with the
collaboration and relatedness aspects of the SPOC, in particular
the web-based interaction and peer feedback. Other studies
confirm that students prefer teacher feedback over peer feedback
[32-34]. When peers lack knowledge or are not critical, the peer
feedback is often considered inadequate [35]. In our SPOC,
peer feedback was a prespecified learning objective and was
supposed to be a formative process to promote learning. It is
possible that the interns perceived peer feedback merely as a
mandatory assignment for completing the SPOC and that they
did not understand its importance in their own learning process
and that of their peers. Other studies describe that guidance on
assessment and the requirements hereof, training in giving peer
feedback, and clarification of the role the student takes in the
feedback process are key principles of effective feedback
[36,37]. Furthermore, it is important to explain the purpose of
peer feedback to the students [38]. Despite the fact that our
SPOC contains a peer feedback training, we might need to
strengthen the guidance of the interns in their role as peer
assessors. In addition, the learning objectives of the
peer-assessed activities could be clearer on the purpose
providing and receiving feedback.

Learning activities in a SPOC are on the web and asynchronous,
with only written interaction and no visual interaction and body

language [39]. This may have affected the learning experience
of the interns, as interaction on cognitive, social, and teaching
levels is required to promote deep learning [40]. Possible
interventions that might improve interaction in these three levels
are more visual teacher presence in our SPOC, synchronized
learning activities to stimulate just-in-time learning, more insight
into interns’ learning needs, adaptivity of the teaching strategy,
social cohesion, and promoting deep learning by considering
feedback as a dialogical process while considering asynchronous
learning in the SPOC [39,41].

Although flexibility was integrated in the design of the course
based on previous literature [18], interns indicated they needed
more flexibility and that deadlines were too tight. They also
requested more autonomy in choosing when to complete which
lessons. Self-regulated learning skills are essential in web-based
learning owing to the freedom provided in web-based education.
It gives learners autonomy in how they organize their learning,
and they need to deal with that to be successful [42]. Our
evaluation was conducted among undergraduate medical
students. Previous studies have shown that self-regulation, such
as experienced in e-learning, might not fit novice learners that
lack the maturity and experience to reach learning outcomes
that are minimally guided [43-45]. Novice students may lack
the cognitive, affective, and metacognitive self-regulated
learning skills necessary to effectively navigate the abundance
of information that is nonlinearly provided by the hypermedia
[46]. This may affect the learners’acceptability and satisfaction
of e-learning activities and consequently their emotional
experience. Self-regulated learning within web-based learning
environments is also influenced by the emotional experience
of the students [47]. Studies found a negative relation between
negative emotions and learning outcomes, and the emotional
experience and subsequent learning may be improved by
fostering students’ emotion regulation [47-49]. The technical
shortcomings of the SPOC may have attributed to a negative
emotional experience of our interns.

Regarding the feelings of being a physician making decisions
and contextual learning, it seemed that the SPOC somehow
failed in this aspect. In the LED session it was predefined to
make authentic simulated patient cases to enhance this feeling
and the feeling of increased patient exposure; however, this was
not experienced by the interns. Although studies have shown
that virtual reality patients can improve clinical reasoning skills
and knowledge, it should be recognized that patient simulations
are not equivalent to real patients and cannot replace traditional
clinical WPL [50-52].

Reflection and Improvements
Reflecting on our study, this may imply some improvements in
our SPOC’s design. First of all, we should critically review the
technical shortcomings, deadlines, and obligatory components
of the SPOC and improve the flexibility of the learning
environment. For instance, replacing the weekly assignments
by a more variable set of assignments on a monthly basis could
be considered. We are currently investigating the feasibility of
such adaptations and the expansion of the number of optional
lessons. In addition, the SPOC will soon be transferred to
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another internet platform, which is technically supported by our
University’s Information Technology department.

Second, it may be helpful to incorporate training of
self-regulated learning skills before using our hypermedia
environment and more support and augmentation of learners’
self-regulated learning within the learning system [46,48,53].
From the interview data, we also learn that the SPOC’s general
instructions were valued as suboptimal. Therefore, a stronger
instructional guidance and guidance of learners’ self-regulated
learning in our SPOC may improve the effectiveness of the
learning experience and learner satisfaction [46,48,53,54]. In
addition, incorporation of emotion regulation in the learning
activities of such a SPOC and in the design and implementation
in clinical WPL may improve self-regulated learning and
maximize positive effects on students’ learning within the digital
learning environment [47]. These topics might be subject to
future research. We believe that, as discussed, more focus on
self-regulated learning, the emotional experiences within the
SPOC, guidance, and the purpose of feedback may also improve
the students’ motivation for learning within the SPOC.

Third, several other conditions may be met to increase student
satisfaction. Student satisfaction in clinical internships is
enhanced by supervisor support, perceived social value [55],
dedicated faculty, working in teams, and continuity in
intern-patient contacts [56]. Longitudinal relationships between
supervisors and students also increase student satisfaction
[57,58] and students’ independence [59]. Therefore, for instance,
dedicated supervisors could provide feedback in the SPOC in
a longitudinal working relationship with their interns. In
addition, students might be encouraged to use the learning

resources in the SPOC in continued contacts with patients. This
may promote the SPOC’s social value.

Limitations
When critically looking at the quantitative data, it is apparent
that the variance is modest and particularly low for the questions
concerning the interaction with peers and increasing difficulty.
An explanation might be that the interns know each other fairly
well and their answers may not be independent or even biased
by information, sharing leading to a group opinion. Limitations
of the study were the small sample size and use of an
unvalidated questionnaire. As the study was designed just to
evaluate the first group of interns enrolled in the SPOC, no
formal sample size calculation has been performed. However,
we did include qualitative data to supplement these limited
quantitative outcomes. We therefore think that the impressions
still provide valuable insights in the SPOC’s strengths and
weaknesses that we can use for further adaptation.

Conclusions
From our study, we have learned that interns perceive several
learning opportunities after adding the SPOC to their clinical
learning environment, mainly in skills and knowledge
acquisition. However, particularly web-based collaboration and
perception of relatedness among the interns within the course
need further improvement. In the future, interviews with the
interns may be beneficial for a deeper investigation of this issue
and others, their context, and which additional adaptations might
be needed to our SPOC. Future research is also needed to further
investigate how learning principles can be optimally integrated
in web-based courses.
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Abstract

Background: The global market for medical education is projected to increase exponentially over the next 5 years. A mode of
delivery expected to drive the growth of this market is virtual reality (VR). VR simulates real-world objects, events, locations,
and interactions in 3D multimedia sensory environments. It has been used successfully in medical education for surgical training,
learning anatomy, and advancing drug discovery. New VR research has been used to simulate role-playing and clinical encounters;
however, most of this research has been conducted with health professions students and not current health care professionals.
Thus, more research is needed to explore how health care professionals experience VR with role-playing and clinical encounters.

Objective: The aim of this study was to explore health care professionals’ experiences with a cinematic VR (cine-VR) training
program focused on role-playing and clinical encounters addressing social determinants of health, Appalachian culture, and
diabetes. Cine-VR leverages 360-degree video with the narrative storytelling of cinema to create an engaging educational
experience.

Methods: We conducted in-depth telephone interviews with health care professionals who participated in the cine-VR training.
The interviews were audio recorded and transcribed verbatim. A multidisciplinary team coded and analyzed the data using content
and thematic analyses with NVivo software.

Results: We conducted 24 in-depth interviews with health care professionals (age=45.3, SD 11.3, years; n=16, 67%, women;
n=22, 92%, White; and n=4, 17%, physicians) to explore their experiences with the cine-VR training. Qualitative analysis revealed
five themes: immersed in the virtual world: seeing a 360-degree sphere allowed participants to immerse themselves in the virtual
world; facilitated knowledge acquisition: all the participants accurately recalled the culture of Appalachia and listed the social
determinants of health presented in the training; empathized with multiple perspectives: the cine-VR provided a glimpse into the
real life of the main character, and participants described thinking about, feeling, and empathizing with the character’s frustrations
and disappointments; perceived ease of use of cine-VR: 96% (23/24) of the participants described the cine-VR as easy to use,
and they liked the 360-degree movement, image resolution, and sound quality but noted limitations with the buttons on the
headsets and risk for motion sickness; and perceived utility of cine-VR as a teaching tool: participants described cine-VR as an
effective teaching tool because it activated visual and affective learning for them.

Conclusions: Participants emphasized the realism of the cine-VR training program. They attributed the utility of the cine-VR
to visual learning in conjunction with the emotional connection to the VR characters. Furthermore, participants reported that the
cine-VR increased their empathy for people. More research is needed to confirm an association between the level of immersion
and empathy in cine-VR training for health care professionals.

(JMIR Med Educ 2022;8(2):e32657)   doi:10.2196/32657
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Introduction

Background
The global market for medical education is expected to grow
by US $143.3 billion during 2021-2025 [1]. Although numerous
factors will contribute to this rise, new modes of delivery are
expected to be a major driving factor [1]. Virtual reality (VR)
is one mode of delivery propelling the growth of the medical
education market [2]. In 2019, the global VR health care market
was valued at US $2.1 billion [3]. By 2026, it is expected to
reach US $30.4 billion, with a compound annual growth rate
of 42.4%. Advances in VR technology and improved
accessibility and affordability of wearable devices are driving
the demand for VR in medical education [2]. Moreover, the
COVID-19 pandemic emphasized the need for virtual learning
opportunities in medical education [4].

VR is technology that simulates real-world objects, events,
locations, and interactions in 3D multimedia sensory
environments [5,6]. Users explore sensory environments in real
time (ie, first-person active learning) through different levels
of immersion [6]. Levels of immersion range from low to
moderate to high, depending on the degree to which the VR is
inclusive, extensive, surrounding, vivid, and matching [7].
Inclusive refers to whether the VR removes signals (eg, external
noise) from the physical world. Extensive refers to the number
of senses engaged in the VR. Surrounding refers to the
presentation of the VR and the degree to which the physical
world is blocked out. Vivid refers to the fidelity and resolution
of the VR. Matching refers to whether the VR is adapted to fit
proprioceptive feedback from, or spatial awareness of, the user.
Fully immersive VR reaches high levels of inclusive, extensive,
surrounding, vivid, and matching in the virtual world such that
the user experiences the virtual world as if it were the real world
[2]. An example of fully immersive VR is viewing 360-degree
video using a headset with controllers so that the user can see,
hear, and move in, as well as interact with, the virtual world.
In contrast, semi-immersive VR provides a user with a virtual
environment that is not fully inclusive, extensive, surrounding,
vivid, or matching [2]. It provides a user with a complete picture
of the virtual world; however, the user is limited in their ability
to move in, or interact with, this virtual world [2]. In other
words, the user has a strong connection to the virtual world, but
they are not completely isolated from the real world. An example
of semi-immersive VR is viewing a 360-degree video on a
web-based or smart device–based platform.

Objectives
Traditionally, VR in medical education has been used to
supplement surgical training [8,9], teach human anatomy [10],
and visualize molecular complexes to advance drug discovery
[11]. More recently, VR has been used to simulate clinical skills
training and role-playing [12,13]. VR offers the user repeated
attempts to practice difficult conversations or scenarios, with
fewer time constraints and less perceived pressure from
observation by superiors [12,14]. Research has shown that VR

with role-playing and clinically based scenarios enhances
empathy toward patients in medically and culturally diverse
populations [14-16]. Most of this research has focused on health
professions students and not professionals, although a new study
demonstrated the effectiveness of improving cultural
self-efficacy and attitudes toward diabetes among health care
professionals [17]. Thus, more research is needed to understand
how VR with role-playing and clinical encounters can be used
effectively for practicing health care professionals. The aim of
this study was to explore health care professionals’ experiences
with a cinematic VR (cine-VR) training program. Specifically,
this qualitative study assessed the educational impact and
knowledge learned among health care professionals after the
cine-VR training.

Methods

Research Design
Cine-VR is close to a fully immersive experience. Users have
the ability to look around the virtual world in 360 degrees and
hear sounds with spatialized audio, thereby creating a highly
inclusive, surrounding, and vivid experience. This experience
reinforces the belief that the user is present in the virtual world.
Cine-VR differs from traditional VR, which uses
computer-generated characters and worlds; in contrast, cine-VR
uses live images filmed through a camera such as in cinema. In
cine-VR, filmmakers leverage 360-degree video and apply the
techniques of cinema to VR. Techniques include narrative
storytelling, scripts, actors, lighting, framing, lens choices, focus,
color, and so on. These techniques create an engaging
educational experience for users. Studies have shown that
immersion technologies such as cine-VR enhance education by
allowing multiple perspectives, situated learning, and improved
knowledge transfer to other situations [17,18].

We used narrative inquiry to understand health care
professionals’ experiences with the cine-VR technology and
training program [19]. For the purposes of this study, health
care professionals included physicians, nurse practitioners,
nurses, psychologists, exercise physiologists, physical therapists,
dietitians, pharmacists, certified diabetes educators, community
health workers, and certified health education specialists.
Narrative inquiry captures the relationship between the
individual experience and the greater cultural context through
the communication of knowledge and the experience of time
[19]. In this study, narrative inquiry described the lived
experience of participating in an innovative cine-VR training
program for continuing medical education and continuing
education credits in the evolving landscape of medical education.

Cine-VR Training
We conducted in-depth telephone interviews with a subset of
health care professionals who participated in the 3-hour cine-VR
training program entitled Using Virtual Reality to Visualize
Diabetes in Appalachia. The purpose of this cine-VR training
program was to educate health care professionals in Ohio about
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implicit bias and social determinants of health per the funding
announcement. We selected education to address bias toward
Appalachian culture, social determinants of health, and type 2
diabetes, considering that more than one-third of the counties
in Ohio are Appalachian and their diabetes rates are nearly
double the national average (20% vs 11%) [20]. The
participating professionals watched 10 cine-VR simulations and
2 traditional films that displayed interactions between a woman
aged 72 years with type 2 diabetes and her primary care
physician, pharmacist, family members, and community. The
cine-VR featured 4 guided simulations, which were face-to-face
role-playing conversations with the main character and her
providers. All cine-VR simulations were screened in an Oculus
Go (Reality Labs) head-mounted display to allow participants
to turn their head and body in any direction to gather information
as though they were present in the actual location. In addition
to the cine-VR simulations, we delivered 12 brief didactics (eg,
3 to 5 minutes for each didactic) that addressed the following
content: (1) diabetes burnout, (2) food insecurity, (3)
Appalachian cultural strengths, (4) transportation barriers in
rural areas, (5) person-centered care, (6) psychosocial issues in
diabetes, (7) financial insecurity and the cost of diabetes
medications, (8) lack of social support, (9) Appalachian cultural
values, (10) diabetes complications, (11) diabetes comorbidities,
and (12) effective communication. The participating health care
professionals received 3.0 continuing medical education or
continuing education credits at no cost. The primary aim of the
original study was to improve participants’cultural self-efficacy
and diabetes attitudes, wherein we observed statistically
significant improvements in all subscales of cultural self-efficacy
and diabetes attitudes after training; a detailed description of
these findings has been published elsewhere [17].

Cine-VR Technology
A variety of cameras were used to create the cine-VR images.
Specifically, we used Insta360 OneX and Insta360 Pro 2 with
a Sennheiser Ambeo soundbar and Zoom F6 microphones. For
most of the filming, we used the Insta360 Pro 2, which allowed
us to capture the entire 360-degree space at the same time. This
was achieved with multiple sensor-lens combinations that
capture different portions of the image simultaneously. These
disparate images were combined into a single 360-degree
panorama, either in real time before the image was saved to the
memory card or later using Final Cut Pro (Apple Inc) and
DaVinci Resolve (Blackmagic Design).

Ethics Approval
Ethics approval for the study was obtained from the Ohio
University Office of Research Compliance Institutional Review
Board (20-X-111). In complying with federal, state, and local
laws and regulations for human subjects research, we ensured
that our research met the requirements set forth in the regulations
on public welfare in part 46 of title 45 of the Code of Federal
Regulations, the principles set forth in the Belmont Report, and
the Helsinki Declaration of 1975.

Sample
We used maximum variation sampling, a form of purposive
sampling [21], to recruit a wide range of participants from
different disciplines. The inclusion criteria for participation
included adults aged ≥18 years who could read and speak in
English and were currently employed as health care
professionals (ie, physicians, nurse practitioners, nurses,
psychologists, exercise physiologists, physical therapists,
dietitians, pharmacists, certified diabetes educators, community
health workers, and certified health education specialists) in
Ohio. Participants were recruited through email and word of
mouth. Specifically, we emailed participants who shared their
email addresses with us after participating in the training or we
spoke with individuals who completed the training.

Data Collection
All interviews were conducted by two trained qualitative
researchers (EB and CL), who asked participants broad,
open-ended questions about the cine-VR content and educational
experience. Specifically, participants were asked what they
learned about diabetes, social determinants of health, and
Appalachian culture during the cine-VR training program. The
researchers used directive probes to clarify questions and elicit
additional information from the participants (Textbox 1). All
interviews were conducted through telephone because of the
COVID-19 pandemic and restrictions with in-person human
subjects research because of state-mandated lockdowns. The
interviews ranged from 20 to 45 minutes in length. We collected
data until we achieved data saturation; that is, when variation
in the data leveled off or no new perspectives emerged from the
interviews [21]. All interviews were digitally audio recorded
and transcribed verbatim. The researchers performed quality
checks of the transcribed files by listening to half of the
interview recordings to validate the data. The transcripts were
cleaned to remove participants’ names and identifiers to protect
confidentiality.
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Textbox 1. Interview questions.

Questions

• What is your clinical, teaching, or academic role?

• Overall, how would you describe your experience with the virtual reality?

• In your own words, how would you have described Appalachian culture before you watched the virtual reality?

• Did your view of Appalachia change after seeing the virtual reality? Please explain.

• After watching the virtual reality, how do you believe diabetes is affecting Appalachian Ohio?

• In your opinion, how is diabetes viewed in rural Appalachia?

• Prior to the virtual reality, what did you think were the biggest barriers to diabetes care in Appalachian Ohio?

• After watching the virtual reality, what are the biggest barriers to diabetes care in Appalachian Ohio?

• What was the most important factual information you gained as part of this experience?

• What aspect of this experience had the most impact on your attitudes and beliefs about this people with diabetes in Appalachian Ohio?

• How will this experience most impact your future behavior when working with people in Appalachian Ohio?

• How does virtual reality compare to the different learning styles you have experienced in your career?

• In your opinion, what makes the virtual reality effective or ineffective?

• What suggestions or recommendations do you have for improving the virtual reality experience?

• Is there anything else about this virtual reality experience that you want to share?

Qualitative Analysis
The multidisciplinary research team, which consisted of a
behavioral diabetes researcher, a medical student, and 2 VR
experts, used standard qualitative techniques to analyze the data.
First, two members of the research team (EB and BR) performed
content analysis by independently coding common words,
phrases, and ideas in the qualitative data [22-24]. They met to
review coded data to establish intercoder reliability; all
discrepancies were reviewed, discussed, and resolved through
consensus [24]. The Cohen κ coefficient between the 2 coders
was 0.951, indicating almost perfect agreement [25,26]. No
negative cases were excluded from the analysis [27]. After all
the transcripts were coded and reviewed, one member of the
research team (BR) entered the coded transcripts in NVivo
software (QSR International) to organize the coded data. The
two remaining members of the team (CL and ML) reviewed the
codes to achieve researcher corroboration. The research team
selected themes that characterized the participants’ experiences
with the cine-VR technology and training program that occurred
multiple times, both within and across transcripts.

Rigor
We used investigator triangulation with team members
representing different disciplines to support the credibility (ie,
validity) of the data. Investigator triangulation also provided a
means to identify cognitive biases in the analysis [28]. We
reviewed findings with 21% (5/24) of the participants to achieve
participant corroboration and establish validity of the accounts

[29]. Next, we supported transferability (ie, external validity)
through rich descriptions of the participants’ experiences with
the cine-VR training program and the inclusion of verbatim
quotations [27]. To support dependability (ie, reliability), we
invited a researcher, Marilyn D Ritholz, not involved with the
study to conduct an inquiry audit to examine the process and
the product to determine whether the findings and conclusions
were supported by the data [27]. Finally, to establish
confirmability (ie, objectivity), we created an audit trail to
document the research steps we took from the start of the study
to the reporting of the findings [27].

Results

Overview
A total of 24 health care professionals participated in in-depth
telephone interviews; the mean age of the participants was 45.3
(SD 11.3) years; 18 (75%) identified as women, 4 (17%) as
men, 1 (4%) as gender queer, and 1 (4%) as transgender or
nonbinary. Of the 24 participants, 22 (92%) self-identified as
White and 2 (8%) as Asian (Table 1); 5 (21%) were community
health workers or certified health education specialists, 4 (17%)
were physicians, 4 (17%) were nurses, 3 (13%) were dietitians
(13%), 2 (8%) were pharmacists, 2 (8%) were exercise
physiologists, 2 (8%) were medical directors, 1 (4%) was a
physical therapist, and 1 (4%) was a psychologist. Years of
clinical or academic experience ranged from 1 to 5 years (7/24,
29%), 6 to 10 years (4/24, 17%), 16 to 20 years (7/24, 29%),
21 to 25 years (4/24, 17%), and >25 years (2/24, 8%).
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Table 1. Participants’ demographic characteristics (N=24).

ValuesCharacteristic

45.3 (11.3)Age (years), mean (SD)

Gender, n (%)

18 (75)Woman

4 (17)Man

1 (4)Gender queer

1 (4)Transgender or nonbinary

Race, n (%)

0 (0)American Indian or Alaska Native

2 (8)Asian

0 (0)Black or African American

0 (0)Hispanic or Latinx

0 (0)Native Hawaiian or Pacific Islander

22 (92)White

0 (0)Two or more races

0 (0)Another race not listed

Occupation, n (%)

5 (21)Community health worker or certified health education specialist

4 (17)Physician

4 (17)Nurse

3 (13)Dietitian

2 (8)Pharmacist

2 (8)Exercise physiologist

2 (8)Medical directors

1 (4)Physical therapist

1 (4)Psychologist

Years in health care, n (%)

7 (29)1 to 5

4 (17)6 to 10

0 (0)11 to 15

7 (29)16 to 20

4 (17)21 to 25

2 (8)>25

Transcript identifiers are included with quotations indicating
participant number and discipline. The following themes
emerged from the data analysis:

Immersed in the Virtual World
Of the 24 participants, 22 (92%) described feeling immersed or
connected to the virtual world. They commented on the realism
they felt in the cine-VR simulations. Participants identified with
the dress, the cars, the houses, the people, and the barriers they
faced:

I identified with the video. I identified with the dress.
The vehicles. The scenarios and problems that those

families face. The coexisting disorders. The housing.
How things are undone and unfinished. Raising
grandchildren. You know, taking care of everyone
else but yourself, and being viewed and stereotyped
as someone who is heavy and lazy, and maybe just
doesn’t care when really that is not the case in
impoverished areas such as southeast Ohio. [ID 103,
Nurse]

Just for me, [it was] the realism of it. It’s our
neighbors. It’s what we see here in Appalachia. It’s
the patients that I’ve dealt with since 1994 when I
became a nurse. So I think it was well done. I think
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the realism was really important and impactful for a
lot of folks who aren’t from here. [ID 101, Nurse]

The cine-VR gave participants privileged, unfiltered access to
the main character’s environment, social interactions, and daily
challenges. In particular, the cine-VR slice-of-life vignettes
depicted the main character’s struggles with social determinants

of health, including poverty, food insecurity, housing instability,
transportation barriers, lack of access to health care, and limited
social support. Seeing a 360-degree sphere allowed participants
to immerse themselves in the simulations, feeling the disarray
and chaos of the main character’s home or the substantial burden
of the family car breaking down (Figure 1):

Figure 1. Photograph of the main character, her daughter, and a tow truck driver. The main character’s car breaks down on the side of a rural road.
Photograph by ML.

The first time I watched it I was just in awe. I felt like
I was a fly on the wall. I can look all around. I can
look at the unfinished walls. I can look at the clutter.
I can look at the unwashed dishes that might been
two or three days, maybe an overflowed trashcan.
Kids in and out. The chaos, the child with the
traumatic brain injury that’s just kind of part of the
wallpaper. I mean, they’re existing in there and we’re
all working our lives around them. I think that
happens all the time in rural Appalachia. But to be
inside someone’s home and inside their life, it’s
almost like being invisible and seeing all the things
that people want to hide either purposely or indirectly
that affect their life. It’s like a glimpse inside
someone’s personal life and why things are the way
they are. [ID 103, Nurse]

I think that the whole scene with the flat tire with the
car I think was huge because it wasn’t just the flat
tire, right? There was the flat tire, there was the fact
that then she didn’t have money to pay the tow truck
driver and she was going to thank him with a cake
because that’s how she shows her caring for people
is through baking sweets. I think all of that happens
all the time...There’s just so much...I felt like that
scene stacked everything up really nicely. This could
100% happen to anyone on any given day because it
felt very realistic. [ID 112, Medical director]

These participants viewed the main character, her environment,
and her interactions with professionals as true to life and clinical

practice in Appalachian Ohio. In fact, some participants felt
that the cine-VR was so realistic and immersive that the main
character must be a real person or one of their patients:

So I knew it was simulated, right? It's stuff I see every
day. But I think what I liked about it is it solidified
all the things I thought. I’m like, “Well, I don’t think
people can get in their car and go, I think people
smoke, and I think they have a hard time taking care
of their families.” It was like taking all the research
that everybody’s done and putting it into an actuality
that actually is actual. I still think about it almost like
it was my patient, right? I remember thinking of her
in the car and twisting her [ribbon] around her finger,
and her husband dying. I remember all of it like she
was one of my patients. [ID 109, Pharmacist]

Furthermore, the realism of the cine-VR left a lasting impression
on the participants. Several of the participants stated that they
look back on the simulations to inform their current clinical
practice:

It was engaging. It’s very realistic. It resonated well
with what I can envision my patients dealing with and
brought to light a lot of the issues that I don’t think
a lot of physicians can envision well without seeing
something like this...To see it come to life in that
format really made it real, and helps it stick so I
remember that when I’m dealing with patients every
day. And it’s probably not exaggerating to say that I
think about what I saw in the Lula Mae videos when
I’m taking care of patients in the emergency

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e32657 | p.151https://mededu.jmir.org/2022/2/e32657
(page number not for citation purposes)

Beverly et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


department. And I think it’s probably been a year or
so since I’ve looked at the videos and I’m still flashing
little scenes of what I saw in those videos when I’m
interacting with patients, so it’s powerful. Realistic.
Really hit the mark to bring a lot of things to light.
[ID 123, Physician]

Facilitated Knowledge Acquisition
All the participants accurately recalled the culture of rural
Appalachian Ohio and listed the social determinants of health
presented in the cine-VR training program. As all interviews
were conducted 12 to 18 months after the training program, this
suggested that the participants successfully learned and retained
the information. They described the cultural strengths of
Appalachia, including caregiving, loyalty, and generosity, as
follows:

I would describe the people as close-knit
communities...Everyone knows each other. Everybody
helps each other out for the most part. If someone
needs something, people dig deep, and give ’til it hurts
when they don’t have much to give at all. [ID 103,
Nurse]

I would describe Appalachian culture as a passionate
group of people, people who love their families and
those that they claim as family, which may or may
not be blood-related. I would describe them as very
self-reliant. [ID 104, Nurse]

I think you really hit it with that, especially because
she’s [Lula Mae] clearly the matriarch in that
situation. How many family units do we see in Athens
County and surrounding counties that are based on
that matriarch, and that’s huge. I think that’s a really
positive thing. [ID 112, Medical director]

Participants also remembered the numerous social determinants
of health affecting people in this rural and underserved area.
Participants identified financial insecurity, food insecurity,
transportation barriers, lack of access to health care, low
educational achievement, and social isolation as social
determinants of health negatively affecting people living in rural
Appalachian Ohio:

There are many social factors that are barriers. It’s
not just the health care infrastructure that’s the
problem. It’s all of the other life stressors and
challenges that make it difficult to prioritize a
person’s individual health. Poverty, food insecurities,
transportation barriers. [ID 117, Certified health
education specialist]

Money. Not only access to care, but money to
purchase the things needed. Education to understand
how to take care of yourself. How to monitor your
own glucose, et cetera. [ID 102, Psychologist]

I would say transportation for sure. Maybe not that
the person doesn’t have a car; they might have a car,
but maybe they don’t have money to put the gas in
the car. Or, maybe it’s not reliable enough to get them
where it is that they need to go. [ID 104, Nurse]

I think one of the things that really are important to
harp on are the isolation that a lot of people feel here.
[ID 111, Dietitian]

Multiple participants noted how low educational achievement
in Appalachian Ohio was a barrier to health care, citing both a
lack of education regarding one’s personal health as well as
lack of education regarding the severity of diabetes:

I feel like we are still very undereducated about
diabetes in this area. I don’t think people understand
the impact that it makes. I don’t think the people living
here actually understand the impact that it makes on
their health. I feel like—I guess I said it in my last
statement when I said it’s not a priority. I don’t feel
that people in this area feel like their health is a
priority. [ID 109, Pharmacist]

I think it really comes down to their lack of education
and their lack of understanding not only to their
predisposition for it, their risk of it, but how serious
it is once you are, in fact, diagnosed with it and how
you care for yourself. [ID 102, Psychologist]

In addition, many participants discussed common beliefs about
diabetes in Appalachian Ohio. They described the sense of
fatalism surrounding a diabetes diagnosis because of the high
prevalence of the disease in the area. Participants thought that
this fatalist attitude toward diabetes prevented people from
making behavior changes to prevent or delay the onset of
diabetes:

I think that there is some, definitely some folks who
think, “Well everyone in my family’s had it so I’m
going to get it too,” because that’s what they’ve seen
and that’s what they know. [ID 104, Nurse]

I think most just are—I’m trying to think of the
word—resigned to the fact that it’s going to
happen...If somebody else in their family has had it,
they assume they’re going to get it. [ID 101, Nurse]

Empathized With Multiple Perspectives
Of the 24 participants, 21 (88%) commented on the empathy
they experienced during the cine-VR simulations. The cine-VR
provided a glimpse into the real life of the main character, and
participants could sense what she was thinking and feeling.
Perceiving these thoughts and feelings may have transferred
the experiences to the users. Participants described feeling Lula
Mae’s frustrations, her disappointments, and “being torn
between competing responsibilities” (Figure 2):
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Figure 2. Throughout the cinematic virtual reality, the viewers watch the main character take care of everyone in her life and as a result put her health
and well-being last. This photograph of the main character depicts the isolation and lack of support she receives in her diabetes management. Photograph
by ML.

You really got to see life through her—I felt like I was
walking in her shoes? I felt emotions as part of that
learning experience. I felt the frustrations that she
might’ve felt. The disappointments, and being torn
between competing responsibilities. I felt like I
understood why she wasn’t taking her medication as
prescribed, and it didn’t seem like it had anything to
do with her desire to address her own health, but
more a function of her taking care of everyone else
and all of the responsibilities that came with that. She
kept putting herself last. I think it’s a realistic
reflection of what many people do when they’re
overburdened and overstressed and underresourced.
[ID 117, Certified health education specialist]

It’s the emotions, yes. When it feels like you’re right
there observing Lula Mae in her environment, and
her interactions with the family, with the doctor, with
the community members, you can almost feel her or
the other people’s emotions. Like when Lula Mae was
stuck on the road, I could feel her desperation
because, hey, I was stuck on the road once, and I did
not like it at all. You’re empathizing with her. When
she was at the doctor’s office, I could feel her anxiety.
[ID 107, Medical director]

Participants also reflected on the thoughts and feelings of the
other characters in the cine-VR. They recognized that identifying
harmful emotions from the professionals and family members
was as important as empathizing with the main character. They
explained that understanding the perspectives of each of the
characters helped them to identify how they could support
people with diabetes in the future:

The way that it makes you internally reflect on how
that situation could apply to you or how you could

possibly be as a provider or as an educator in the
shoes to help someone like Lula Mae. Because I would
say she just felt beat down and almost helpless—one
thing after another. It made me reflect and it made
me think like if I were in even the nurse’s shoes at the
doctor’s office or the medical assistant at the doctor’s
office, if I were in that person’s shoes, what could I
do? Or her family support was not there. She was the
support for the whole family. So, as a family member,
how can you be there for people, or as a friend, how
can you be there for people so that you don’t have a
friend that feels like they’re in Lula Mae’s situation?
Because I think that’s what it made me look at is I
never want one of my friends who has diabetes to feel
like that and like they’re alone and try to figure it out
all on their own. So, I think one of the best things it
gives you is it truly gives you a feeling for what it’s
like, and it gives you that time to reflect and discuss
what’s going on. [ID 113, Exercise physiologist]

Looking at it from different perspectives—it was more
impactful that way. Because you got to see and kind
of empathize, if you will, just how it was coming from
the perspective of that patient who maybe didn’t have
the money for medication, or from the doctor’s
perspective, being so overwhelmed and so tired in
the health care system he’s working in right now. Or
the feeling of you’ve got a patient who has so many
roles to fulfill because of the plate that she has been
handed. Like taking care of grandchildren or taking
care of the family member that needed her. Then also
the spiritual side of it where she was actually trying
to help other people by doing what she felt was right
at the food pantry. It was just wholehearted. [ID 119,
Nurse]
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Some of the participants expressed an intention to change how
they practiced medicine after viewing the simulations. They
explained that it increased their empathy for patients and
enhanced their understanding of the challenges faced by people
in rural Appalachia:

It changed my practice in the sense it made me a heck
of a lot more empathetic towards what they may or
may not be saying. I always look at body language
and can read that pretty well, but now I understand
a little bit of what might be going on. It also helped
me to understand the culture of my patient population
and what things may be important, not important to
them, and what may be playing a role in why they’re
making the decisions that they’re making or making
the decisions where they’re not able to take care of
their health because they are so burdened with so
many issues in their lives. [ID 122, Physician]

Perceived Ease of Use of the Technology
Of the 24 participants, 5 (21%) had prior experience with VR
technology; however, none of them had prior experience of
cine-VR. When asked about its ease of use, 96% (23/24) of the
participants described the cine-VR as easy or simpler than
expected:

The technology was pretty simple actually. I mean,
when we had somebody who was facilitating, who
was very understanding of the technology, it was very
easy...Clinicians are already using technology on a
daily basis to do their charts and things so this is
much less burdensome than [electronic health record
system] so to speak. So as far as I’m concerned, no,
this is really easy, very simple. [ID 122, Physician]

It was a lot easier than I thought it would be, to be
honest with you. Because aside from a couple of
experiences using the headsets, I’m not a gamer and
I don’t use them for other things like people who do
are used to that environment. But from picking it out
of the box to turning it on, to putting it on my head,
getting the right video, and getting it going was
remarkably easy. [ID 123, Physician]

Several participants reported feeling surprised by the live-action
VR. They did not know it was possible to see live-action VR
using a headset:

Live action virtual reality is what really grabbed me
about this one. I’ve seen a lot of virtual reality
avatar-based things and a lot of things where you’re
grabbing the virtual syringe and you’re injecting the
virtual syringe into the virtual type patient. It’s okay.
I think we’re still probably like years off for where
that really has the virtual tactile feel that I need to
make a valuable trend. Where this one really hit was
that it used live action where live action was the best
way to do it. So, if I really want to feel what it’s like
to be in you know, Lula Mae’s house, you know, then
boy, this is the way to do it. [ID 123, Physician]

Participants also commented on the ability to move 360 degrees
in any direction during the simulation as well as the quality of
the image and sound:

It was more than I expected. I was—I guess I was not
expecting the 360-degree virtual reality and to have
so much freedom with movement to be able to look
all around me, around the room. That type of
technology was pretty groundbreaking to me. I was
more expecting to just look straight ahead and
everybody would be seeing the same thing at the same
time. [ID 106, Dietitian]

I really liked the video and the sound quality,
especially. My hearing isn’t always the best. I was in
marching band, and I played drum line, and I work
at a really busy pharmacy. So being able to hear so
clearly with that technology was really, really
engaging. And then the video quality, I was
thoroughly shocked by. I was expecting more like my
other experience of virtual reality, where it’s a little
grainier. [ID 108, Pharmacist]

The cine-VR training program had some technical and sensory
issues. A few participants remembered accidentally hitting the
buttons on the side of the headset, which turned off the
simulations:

I think having a little presession, here’s how you use
the Oculus or don’t press this button, because I
accidentally turned it off twice, are important
reminders. I am a technically savvy individual.
However, even I struggled with it, despite the best
efforts of all the support people there. [ID 124,
Physician]

The other main issue was worries about motion sickness (to
address the potential dizziness and nausea from viewing the
cine-VR, we disclosed that these risks were possible and offered
alternative viewing devices). Of the 24 participants, 2 (8%)
reported experiencing motion sickness and 3 (13%) thought
that they would experience motion sickness but did not:

As far as the motion sickness that I personally
experienced, a disclosure to let people know that there
are bright lights flashing. The refresh rate of whatever
the Oculus is may impair some folks and to be aware
of that going in so that I didn’t, I wouldn’t be as sick,
but that’s me personally. Not everyone may
experience that. [ID 124, Physician]

So, it was easier to use than I had anticipated it to
be. I thought it was going to be kind of complicated.
I also was a little worried about it making me like
motion sick, because sometimes movies, like 3D
movies will do that, but it wasn’t, none of that
happened at all. It was super easy to use, easy to focus
on things, and really neat to be able to look around
the whole room and really get an entire picture of
what’s going on in different parts of the house for
example during different things. So, I would say all
in all, it was completely positive, a very awesome
experience and a very neat and different way to learn
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things, but it kept me engaged as well. [ID 113,
Exercise physiologist]

Perceived Utility of Cine-VR as a Teaching Tool
Of the 24 participants, 22 (92%) described cine-VR as an
effective teaching tool and 23 (96%) expressed satisfaction with
the learning experience. The cine-VR training was viewed
favorably by participants both with and without prior experience
with VR technology:

I thought it was super cool. I’m not a gamer. I mean,
I’m not a major tech person, so it was a really cool
experience for me. I’d never done anything like that,
and I haven’t done anything or seen anything like
that since. So, if that’s the way things are headed, I
think it’s pretty cool and it’s certainly a great way
for the next generation to learn things. [ID 101,
Nurse]

Participants believed that the realism of the cine-VR offered a
way of learning that affected the user on a personal level:

I think, especially as a clinician, I think you can go
through training and training, you could read books,
you can watch videos, you can look at PowerPoints,
but when you’re forced to be in the room with
someone like that and they’re looking right at you,
and you look around and you’re the only one there,
or—you know what I mean, you kind of have to be a
little bit more involved so you have to be more
attentive to what’s going on so you respond better.
[ID 105, Exercise physiologist]

Participants recognized the applicability of cine-VR as an
educational tool for multiple topic areas and levels of learning.
They felt that the realism of the simulations and full immersion
in the virtual environment made the training an effective tool.
Moreover, they believed that the cine-VR tapped into affective
learning. Participants believed that visual learning in conjunction
with emotional connection to the VR characters made the
training program a meaningful and memorable experience:

This format is our first experience doing this, and I
think aside from being realistic in the stories and the
content resonating, the format really immersed the
learner in the environment. We strive for realism. We
strive for full immersion. We strive for really
activating all of the senses to create the best learning
environment. When you get all the senses firing and
you immerse somebody fully into this reality, it creates
memories and you feed into that psychology in
different parts. Because it activates your emotional
centers and visual cortex and your auditory cortex
and all of this works together to really form all these
connections for you to remember or bring into our
practice. So yeah, but the full immersion, the
application in this area, that’s what really has the
power. [ID 123, Physician]

Students nowadays are learning a completely different
curriculum and a very case-based format. This is
taking case-based formats to a whole new level
because it’s not on paper, you are visually seeing it.

And many people do better. Yes, they can do paper,
but to actually see it almost like a movie. To almost
embed it into your visual memory, it goes without
saying that this is superior. There's no question about
it...And I think that visual piece in the moment in the
life, it’s just like a movie or a TV show where there
are parts of it that you just take away and they embed,
and you remember that and you can’t forget it in a
way that you can totally forget a piece of paper with
writing on it. [ID 122, Physician]

Discussion

Principal Findings
In this qualitative study, we explored health care professionals’
experiences with a cine-VR training program in diabetes, social
determinants of health, and Appalachian culture. Participants
described feeling immersed in the cine-VR training. They
commented on their ability to watch the main character interact
with professionals, family members, and the environment by
means of the cine-VR 360-degree video. They noted that the
opportunity to see life through the main character’s eyes elicited
many emotions in them. Most of the participants reported feeling
the frustrations, anxieties, and disappointments experienced by
the main character and empathizing with her struggles.
Participants agreed that these emotions and empathy were key
to the learning process and knowledge they acquired. All
participants were able to recall the social determinants of health
addressed in the cine-VR as well as the cultural aspects of rural
Appalachia. Finally, 96% (23/24) of the participants described
the cine-VR as easy to use with surprising technical features,
including live action, 360-degree movement, high resolution,
and high sound quality. Drawbacks included the buttons on the
headset and risk for motion sickness. In summary, these findings
suggest that health care professionals perceived immersion and
empathy to be key drivers in the success of the cine-VR training.

Comparison With Prior Work
The value of cine-VR training is that it gives health care
professionals a glimpse inside the lives of their patients and
why things are the way they are. The more professionals can
understand their patients’ personal lives, the more they can
empathize with their challenges and struggles. Recent gaming
research found that immersive VR from the first-person
perspective of a person with chronic pain increased kindness
(ie, a subscale in the Empathy Scale) and willingness to help
after a simulation, suggesting an increase in implicit and explicit
empathy [30]. Another study on perspective-taking tasks showed
that VR-based tasks increased self-reported empathy more than
narrative-based tasks in a simulation about the homeless
population [31]. These studies support the use of VR to promote
empathy in medical education. Empathy in diabetes care is
critical, given prior work demonstrating a 40% to 50% lower
risk of all-cause mortality at 10-year follow-up when patients
newly diagnosed with type 2 diabetes experienced high levels
of provider empathy in the first year after diagnosis [32].
Participants in our study described the empathy they felt for the
characters in the cine-VR. Thus, cine-VR training has the
potential to increase empathy among health care professionals
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and students; however, more mixed methods research is needed
to measure empathy and other prosocial behaviors (ie, helping,
sharing, and comforting) before and after completing this
cine-VR training.

Participants highlighted the importance of feeling immersed in
the virtual world. A recent systematic review and meta-analysis
by Kyaw et al [6] found that VR improved knowledge and skills
acquisition among health care professionals compared with
traditional modes of education (eg, textbooks and lectures) and
other digital education (eg, 2D images on a screen and
web-based teaching). The findings from this systematic review
and meta-analysis suggest that VR is an effective mode of
delivery for medical education and VR is more effective than
traditional or other digital education in knowledge and skills
acquisition [6]. Similar findings have been reported among
medical students: those participating in fully immersive VR
reported significantly higher gains in knowledge than students
in partially immersive VR [33]. Another recent study focused
on social determinants of health and empathy in dental education
found that 360-degree, immersive VR improved cognitive,
affective, and skills-based learning in residents and faculty [34].
Overall, these findings combined with the qualitative responses
from our participants underscore the importance of immersive
VR to enhance the user experience and improve learning
outcomes.

Limitations
The study limitations included homogeneity of the sample with
regard to gender and race and ethnicity. Thus, the qualitative
findings may not be transferable or generalizable to people not
represented in the sample. Future research with a more diverse
sample is necessary to explore experiences with the cine-VR
training program. Additional limitations of the study included
the small sample size and participant self-selection, which also
limit the transferability of the findings. However, qualitative
research differs from quantitative research in that it is not driven

by sample size, randomness, and power calculations. Rather,
qualitative research rests on the notion of data saturation or the
point at which no new information is collected for data analysis.
Therefore, sample size was not an indicator of rigor in our study.
Historically, an adequate sample size for an in-depth individual
interview study is 15 to 20 participants [21]. With regard to
participant self-selection, individuals who volunteered to
participate in the interviews may have had more positive
experiences with the cine-VR training than participants who
did not volunteer to participate in the study. In addition, we
recruited participants through email and word of mouth, which
increased our selection bias because participants were not
randomly selected to participate in the interviews. Finally,
self-reported data are vulnerable to social desirability bias. To
minimize bias, the researchers informed participants that their
responses were confidential and could not be linked back to
their personal identity. Furthermore, the investigators
emphasized the voluntary nature of participation and explicitly
informed the participants that their responses had no bearing
on their employment. Finally, our original study did not include
a control group as a comparison. Research comparing cine-VR
with a proper control condition is underway to examine the
effectiveness of cine-VR in changing health care professionals’
knowledge, beliefs, and empathy.

Conclusions
The participating health care professionals perceived the
cine-VR training to be a valuable educational experience that
generated empathy toward the VR characters. They attributed
the value of the cine-VR to the immersive and realistic nature
of the 360-degree virtual environment. Future research is needed
to examine the impact of cine-VR training on quantitative
measures of immersion, empathy, and prosocial behaviors
among current professionals and health professions students.
Cine-VR has the potential to play an integral role in clinical
training as medical education expands to meet the growing need
for virtual platforms.
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Abstract

Background: Training physicians to provide effective behavior change counseling using approaches such as motivational
communication (MC) is an important aspect of noncommunicable chronic disease prevention and management. However, existing
evaluation tools for MC skills are complex, invasive, time consuming, and impractical for use within the medical context.

Objective: The objective of this study is to develop and validate a short web-based tool for evaluating health care provider
(HCP) skills in MC—the Motivational Communication Competency Assessment Test (MC-CAT).

Methods: Between 2016 and 2021, starting with a set of 11 previously identified core MC competencies and using a 5-step,
mixed methods, integrated knowledge translation approach, the MC-CAT was created by developing a series of 4 base cases and
a scoring scheme, validating the base cases and scoring scheme with international experts, creating 3 alternative versions of the
4 base cases (to create a bank of 16 cases, 4 of each type of base case) and translating the cases into French, integrating the cases
into the web-based MC-CAT platform, and conducting initial internal validity assessments with university health students.
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Results: The MC-CAT assesses MC competency in 20 minutes by presenting HCPs with 4 out of a possible 16 cases (randomly
selected and ordered) addressing various behavioral targets (eg, smoking, physical activity, diet, and medication adherence).
Individual and global competency scores were calculated automatically for the 11 competency items across the 4 cases, providing
automatic scores out of 100. From the factorial analysis of variance for the difference in competency and ranking scores, no
significant differences were identified between the different case versions across individual and global competency (P=.26 to
P=.97) and ranking scores (P=.24 to P=.89). The initial tests of internal consistency for rank order among the 24 student participants
were in the acceptable range (α=.78).

Conclusions: The results suggest that MC-CAT is an internally valid tool to facilitate the evaluation of MC competencies among
HCPs and is ready to undergo comprehensive psychometric property analyses with a national sample of health care providers.
Once psychometric property assessments have been completed, this tool is expected to facilitate the assessment of MC skills
among HCPs, skills that will better support patients in adopting healthier lifestyles, which will significantly reduce the personal,
social, and economic burdens of noncommunicable chronic diseases.

(JMIR Med Educ 2022;8(2):e31489)   doi:10.2196/31489

KEYWORDS

assessment; motivational communication; tool development; physicians; health promotion

Introduction

The World Health Organization estimates that >71% of deaths
worldwide result from noncommunicable diseases (NCDs),
including cardiovascular disease, cancer, chronic lung disease,
diabetes, and obesity [1]. Despite advances in genetic,
pharmacological, and surgical medicine, the prevalence and
associated social and economic burden of NCDs are increasing
rather than decreasing [2]. This is unsurprising, given that the
underlying cause of most NCDs is not biological factors but
harmful human behaviors (eg, smoking, physical inactivity, and
poor diet) that are poorly addressed by current biomedical
approaches [3,4].

As part of offering comprehensive care, health care providers
(HCPs) are often responsible for providing some form of
behavior change counseling (BCC) to patients who exhibit
health risk behaviors. At present, this typically takes the form
of offering persuasive information and advice [5-7], which has
been shown to be either ineffective or counterproductive because
patients feel as if they are being told what to do [8,9]. When
evidence-based BCC approaches are offered by HCPs, they
tend to have positive impacts on patient engagement in and the
adoption of healthy lifestyle choices [10]. However, one of the
most popular of these approaches (ie, motivational interviewing)
has generally demonstrated poor uptake by physicians. This has
been attributed to perceptions of it being too rigid, taking too
much time to implement in practice, and lying outside the
physician’s scope of practice [11,12].

To address the limitations of motivational interviewing, we
codeveloped (with behavior change experts and HCPs) a new
BCC approach called motivational communication (MC), which
is based on motivational interviewing and theoretical models
of behavior change (eg, self-determination theory [13],
social-cognitive theory [14], and transtheoretical model [15])
and incorporates more cognitive behavioral therapy–based
components and practical considerations regarding real-world
clinical encounters in an NCD management context. Designed
as a behavior change communication style specifically
developed for HCPs, it is evidence–based and time–efficient
and can be used to promote patient engagement, adoption of

healthy behaviors, and sustained self-management of chronic
conditions [16]. MC was defined as reflecting 11 core
communication competencies that have a solid evidence base
for behavior change in the context of NCD management [16].
These 11 competencies were summarized under the mnemonic
“LEARN tHE BASICs.” These competencies are reflective
listening, expressing empathy, demonstrating acceptance,
tolerance, and respect, responding to resistance, (not) negatively
judging or blaming, (not) expressing hostility or impatience,
eliciting change-talk or evocation, (not) being argumentative
or confrontational, setting goals, providing information neutrally,
and being collaborative [16].

After defining MC as well as developing the content of the MC
training program to be delivered to HCPs (the MOTIVATOR
program), we also developed an accompanying MC competency
assessment tool to evaluate skill acquisition among HCPs
receiving training in this approach. A recent review of the
literature on the quality of existing communication assessment
tools among HCPs revealed a great deal of heterogeneity over
the 45 different assessment tools that were identified. This
review also indicated that few tools were developed using
appropriate theoretical models (49%), and many failed to clearly
define or describe the communication competencies they were
designed to evaluate (19%) [17]. In addition, 65% used scoring
methods that required extensive training on the part of external
assessors, and 93% of the tools required the use of standardized
(ie, a person playing the role of a patient; 61%) or real patients
(32%) to complete their evaluations [17], potentially
undermining the feasibility of implementing this type of
evaluation in real life. Existing competency assessment tools
are hence complex, invasive, time-consuming, and impractical
for use in many medical contexts.

Effective, feasible, and user-friendly competency evaluation
tools are important not only for assessing the quality and
efficacy of training programs but also for ensuring that patients
benefit from the BCC methods used by HCPs. Using an
integrated knowledge translation (iKT) approach, which is a
collaborative model of knowledge production between
stakeholders and researchers [18,19], the objective of this study
was to develop a new web-based MC competency assessment
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tool called the Motivational Communication Competency
Assessment Test (MC-CAT), to conduct initial internal validity
assessments, and to evaluate the ranking and competency score
consistency between the base cases and the modified cases as
part of a larger iterative development process for this new tool.

Methods

Concept
The concept of the web-based MC-CAT assessment tool is to
present HCPs with a series of patient cases with a specific

behavioral target (eg, engaging in more physical activity). Each
case comprises a simulated interaction between a virtual patient
and the provider, which focuses on engaging the patient in a
discussion about changing their health behavior. Patient
information (ie, patient’s picture, age, sex, health condition,
health behavior status, and medications) is accessible by clicking
on the icon in the top right-hand corner (Figure 1). Each
MC-CAT assessment requires completing 4 cases selected at
random from a 16-case bank for a total assessment time ranging
from 15 to 20 minutes (approximately 5 minutes per case). The
cases were designed to be relatively short to maximize the tool’s
acceptability and uptake by the busy HCPs.

Figure 1. Example of patient chart and interaction between the physician and the virtual patient case. (A) and (B) patient information; always accessible
by clicking on the icon in the top right-hand corner; (C) patient’s initial statement (with audio); (D) list of answers; each answer was associated with a
score on different motivational communication competencies.

Ethics Approval
Ethics approval was provided by the Centre Intégré
Universitaires de Santé et de Service Sociaux du
Nord-de-l’île-de-Montréal (number 2016-1206), and all
participants provided informed consent electronically.

Development

Overview
We have previously defined the 11 core communication
competencies of MC [16], which represent the individual
competencies evaluated by the MC-CAT. To develop the
MC-CAT, we followed a 5-step, mixed methods, iKT approach

based on established methods for instrument development and
validation, which engaged relevant knowledge users (physicians,
HCPs, researchers, and health care administrators) [20-22]. The
steps are shown in Figure 2, and are as follows: (1) developing
a series of 4 base cases and a scoring scheme to assess the 11
communication competencies of MC, (2) validating the content
of the base cases and scoring scheme with international experts,
(3) creating 3 alternative versions of the 4 base cases (resulting
in a bank of 16 cases, 4 of each type of base case) and translating
the cases into French (necessary for a Canadian audience), (4)
integrating the cases into the web-based MC-CAT platform,
and (5) conducting initial internal validity assessments with a
sample of 31 university-allied health students.
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Figure 2. Overview of the MC-CAT development steps. MC: motivational communication; MC-CAT: Motivational Communication Competency
Assessment Test.

Step 1: Development of the Patient Cases and Scoring
Scheme
The goal of this step was to create 4 base cases (A1, B1, C1,
and D1) to assess all 11 MC competencies through simulated
medical consultations. One of the primary aims was to develop
an assessment tool that would accurately reflect real-life medical
consultations targeting health behavior changes in the context

of NCD management. To ensure that the behavioral targets of
our cases were relevant to clinical practice, we sent an open
invitation to Canadian physicians from 4 target specialties
known to treat a high volume of patients with NCDs (ie,
cardiology, respirology, internal medicine, and general
practitioners) to complete a brief (10-minute) web-based survey
(LimeSurvey GmbH), which was available in English and
French. Invitations were emailed to physicians throughout
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January 2018 through relevant medical associations (eg,
Hypertension Canada and Diabetes Canada) and networks (eg,
the Canadian Respiratory Research Network). In this survey,
physicians were asked to identify what they believed to be the
most important health risk behaviors that they encountered with
patients in their efforts to prevent or treat NCDs (checklist with
the possibility of adding behaviors) and rank them in order of
their relative importance (from most important to least
important). This resulted in the identification of the 4 most
common health risk behaviors encountered in the context of
NCD prevention and management, which would form the
behavioral targets of the 4 base cases of MC-CAT.

The research team then proceeded to develop 4 base cases
around the 4 most important health risk behaviors as identified
by physicians, which acted as templates to develop alternate
case versions to expand the tool to 16 cases (4 different health
behaviors—represented by the letters A, B, C, and D—targeted
across 4 different patient cases, numbered from 1 to 4). Base
cases were designed to simulate a consultation between an HCP
and a patient, which focused on engaging the patient in a
conversation about changing their health behavior. Between
October 2018 and March 2020, the research team worked on
developing 4 base case scripts. The goal was to create a
conversation flow beginning with the patient providing an
opening statement of concern, after which the HCP was
prompted to reply by selecting 1 of 5 multiple-choice responses,
reflecting the most MC-consistent responses to the least
MC-inconsistent responses (scored from 1 to 5). Each base case
included 6 to 7 levels of exchange, each providing the HCP the
opportunity to demonstrate ≥1 of the 11 core MC competencies.
This resulted in a scoring scheme that indicated the extent to
which responses were MC consistent or inconsistent on a 5-point
scale (2=very MC consistent, 1=somewhat MC consistent,
0=neither MC consistent nor inconsistent, −1=MC inconsistent,
and −2=very MC inconsistent). The scoring format was
constructed with a range from +2 to −2 to reflect the

nonneutrality of responding in an MC-inconsistent manner
(which may be counterproductive for behavior change). Care
was taken to provide HCPs with multiple opportunities to
demonstrate each of the 11 MC competencies across the 4 cases
to ensure that >1 interaction could be used to calculate an
individual competency score. MC competency scores were
calculated automatically by averaging the individual competency
scores across the 4 cases, which were then summed and
converted to a global score out of 100, reflecting overall MC
competency (theoretical range −93.6 to 100).

Step 2: Case and Scoring Validation by International
Experts
After creating the 4 base cases (A1, B1, C1, and D1), we
proceeded to validate the presence of the different MC
competencies reflected in each case, as well as their rank order
from most to least MC consistent, using a multi-round survey
among a sample of international experts (7/14, 50% women
with an average of 21 years of experience in BCC, SD 9 years;
Table 1 provides a summary of expert characteristics). The first
survey was launched in July 2019 and ended in September 2019.
The results were used to calculate the consensus score, reflecting
the level of agreement between the experts and the original
classifications attributed by the research team. The original
classifications were considered good if the agreement with the
experts was perfect, acceptable if the expert rank was a +1-point
or –1-point deviation from the rank the research team had
indicated (eg, ranked 5 instead of 4), and poor if the expert order
was a +2-point –2-point deviation from the research team rank
(eg, ranked 1 instead of 3). These results were used to make
minor modifications to some response items based on the criteria
summarized in Table 2. This resulted in the construction of a
second confirmatory survey, in which the same experts were
asked to confirm their agreement with the new competency
classification and ranking. The survey was launched in October
2019 and ended in April 2020.
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Table 1. Demographic information of health care providers and international experts.

International experts (N=14), n (%)Health care providers (N=80), n (%)Variable

Gender

7 (50)36 (45)Women

7 (50)44 (55)Men

Language spoken

12 (86)30 (38)English speaking

2 (14)50 (62)French speaking

Age (years)

—a2 (3)<30

3 (21)27 (34)30-39

6 (43)9 (11)40-49

2 (14)19 (24)50-59

2 (14)23 (29)60-69

1 (7)—≥70

Duration of practice (years)

—20 (25)0-5

1 (7)9 (11)6-10

3 (21)7 (9)11-15

6 (43)3 (4)16-20

—13 (16)21-25

1 (7)10 (13)26-30

3 (21)18 (23)>30

Province of practice or country

Canada

2 (14)2 (3)Alberta

—3 (4)British Columbia

—1 (1)New Brunswick

2 (14)2 (3)Nova Scotia

3 (21)17 (21)Ontario

4 (29)55 (69)Quebec

1 (7)—Sweden

1 (7)—United Kingdom

1 (7)—United States

aData not available.
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Table 2. Criteria for case modification after evaluation by behavior change experts.

ModificationsCriteria

Ranking the choices of the different base cases physician’s options

No modification≥70% of good agreementa and ≤10% of poor agreementb between external experts and

research team rankingsc

No modification≥90% of good and acceptabled agreement and ≤10% of poor agreement between external
experts and research team rankings

Competency identification

Competencies kept or added if there was agreement≥70% agreement between external experts and research team identification

Competencies may be kept or added depending on the
research team’s consensus

Between 40% and 69% of agreement between external experts and research team
identification

Competencies deleted≤30% agreement between external experts and research team identification

aIf agreement with the experts and the research team was perfect.
bThe expert order was +2 or –2 deviations in rank from the research team (eg, ranked 1 instead of 3).
cIf this criterion is not met, the modifications must result in a minimum of 70% perfect agreement or 90% perfect and partial agreement and <10% of
complete disagreement.
dIf the expert rank was +1 or –1 point deviation in rank from the research team (eg, ranked 5 instead of 4).

Step 3: Finalization of the Cases and Scoring Scheme

Overview

One of the aims was to design the MC-CAT to allow for the
variation (or flexible programming) in the demographic
variables of the virtual patients (ie, age, sex, race, culture, and
language), NCDs, and contextual variables (eg, personal
information) across cases. To achieve this, we adapted the 4
base cases to expand the test bank (ie, create alternate versions
of the 4 base cases) without altering the core cases’ original
structure (allowing us to maintain the integrity of the scoring
algorithm and conversation branching across established at step
2). As such, every MC-CAT assessment of 4 randomly selected
cases should maintain the integrity and psychometric properties
by including a variant of each of the 4 original cases. This
resulted in the creation of 16 unique patient cases (cases A1 to
A4, B1 to B4, C1 to C4, and D1 to D4) reflecting a variety of
cases that would be appropriate for multiple types of NCD
management situations and relevant across different medical
specialties. These 16 cases were then formally translated into
French (using back translation to ensure equivalence) [23] to
permit use with French-speaking physicians, which is relevant
in the Canadian context.

Scoring Algorithm

The MC-CAT provides a subscale score for each of the 11 MC
competencies, as well as a global score summarizing overall
MC competency. Individual competency scores were calculated
by considering the number of times the person had chosen
responses that included a certain competency (eg, reflective
listening) across the 4 cases, divided by the total number of
times the competency could have been chosen across the
evaluation, and multiplied by the relative proportion of
opportunities to demonstrate that competency over all the
competencies evaluated.

To obtain scores for global competency, the scores for the
positive competencies (reflective listening; expressing empathy;

demonstrating acceptance, tolerance, and respect; responding
to resistance; eliciting change-talk or evocation; setting goals;
providing information neutrally; and being collaborative) are
aggregated together, and the negative competencies (negatively
judging or blaming, expressing hostility or impatience, and
being argumentative or confrontational) are subtracted from the
sum, as reflected in the following equation:

Competencies score (%) = ([reflective listening /
number of reflective listening occasions × percentage
of reflective listening cases] + [expressing empathy
/ number of expressing empathy occasions ×
percentage of expressing empathy cases] + [evocation
/ number of evocation occasions × percentage of
evocation cases] + [responding to resistance / number
of responding to resistance occasions × percentage
of responding to resistance cases] + [setting goals /
number of setting goals occasions × percentage of
setting goals cases] + [acceptance, tolerance, and
respect / number of acceptance, tolerance, and respect
occasions × percentage of acceptance, tolerance, and
respect cases] + [being collaborative / number of
being collaborative occasions × percentage of being
collaborative cases] + [providing information
neutrally / number of providing information neutrally
occasions × percentage of providing information
neutrally cases]) – ([hostility + negatively judging +
argumentative] × [1 / number of hostility, negatively
judging, argumentative occasion cases × 100]) (1)

The score for the ranking (ie, whether the physician selected
the most consistent response with MC [1] or the least consistent
response with MC [5]) is calculated by adding the number of
times a participant selected the ranks of response choices
multiplied by a constant ranging from 2 to −2 (eg, 10 times the
second choice is multiplied by 1). The following is the equation
for ranking scores:
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Ranking score (%) = ([number of first choices × 2] +
[number of second choices × 1] + [number of third
choices × 0] + [number of fourth choices × −1] +
[number of fifth choices × −2]) / (50×100) (2)

Step 4: Case Integration Into the Web-Based MC-CAT
Platform
Following the completion of steps 2 to 3, the first web-based
computerized version of the MC-CAT (version 1.0), including
32 virtual patient cases (16 in French and 16 in English, which
are identical and translated) and a demographic questionnaire
(including sex, age, location of practice, primary medicine
specialty, clinical setting, years of practice, number of patients,
and physicians’ attitudes toward addressing health risk
behaviors) was designed and created in collaboration with 42
Comets Inc, a software developer with expertise in the creation
of electronic education and training programs. To test the user
interface of the MC-CAT, we conducted user experience
research with 27 volunteer graduate students, HCPs, and
behavior change experts also involved in step 2. The goal was
to determine (1) the clarity of the instructions and tasks, (2) the
navigability of the platform, (3) the synchronicity between audio
and video information, and (4) the acceptability of the duration
of the assessment. The responses were used to refine the aspects
of the web-based interface to optimize the functionality of the
program.

Step 5: Preliminary Internal Validity Analyses

Overview

We refined the aspects of the web-based interface based on user
experience testing. The final step in the development process
was to collect preliminary psychometric properties of the
MC-CAT from a sample of MC-naïve undergraduate allied
HCP students who were recruited via email and invited to
complete 2 MC-CAT assessments approximately 12 weeks
apart. Each assessment involved completing a basic
sociodemographic questionnaire followed by the MC-CAT (4
randomly selected cases from the 16-case bank, 1 from each
series A to D).

Case Consistency Analyses

To evaluate the consistency of the ranking and competency
scores between the base cases (A1, B1, C1, and D1) and the
modified cases (cases A2 to A4, B2 to B4, C2 to C4, and D2
to D4), a factorial ANOVA for the difference in competency
and ranking scores was used to determine differences between
case variations (ie, case A1 vs A2 vs A3 vs A4) across individual
competency scores, global competency scores, and ranking
scores.

Internal Consistency of the Tool

The internal consistency of the MC-CAT was obtained by
calculating the Cronbach α coefficient [24]. The rank of the
response selected by the participant (ranging from 1=most
consistent with MC to 5=least consistent with MC) for each of
the response choices per case (A, B, C, and D) and for the entire
MC-CAT assessment (all responses over 4 cases) were used to
calculate the coefficient. Thus, this analysis aimed to determine

whether the responses chosen by the participants were consistent
across the 4 cases. An acceptable score for the Cronbach α
coefficient is between .70 and .95 [24,25], which was adopted
as our target criterion for moving forward with the tool.

Results

Step 1: Development of the Patient Cases and Scoring
Scheme
We received 154 surveys, of which 80 (52%) physicians had
complete data (n=22, 28% cardiologists; n=22, 28%
respirologists; n=15, 19% internists; and n=21, 26% general
practitioners) and were included in the analyses. The mean age
was 49 (SD 12.9) years. Of the 80 physicians, 44 (55%) were
male, and 50 (63%) identified French as the first language. The
mean duration of practice of the physicians was 18 (SD 11.9)
years, and 69% (55/80) of physicians were working in a
university hospital setting and had a mean of 38 (SD 24.2)
weekly NCD consultations (Table 1 presents the participants’
information).

The health risk behaviors most frequently identified by
physicians were physical inactivity (75/80, 94%), smoking
(73/80, 91%), medication nonadherence (71/80, 89%), and
unhealthy diet (69/80, 86%). Physicians ranked smoking first,
medication nonadherence second, physical inactivity third, and
unhealthy diet fourth in the list of most important health risk
behaviors to address in the context of NCD management. The
following health risk behaviors were perceived as the most
prevalent among their patients: (1) physical inactivity (mean
58%, SD 19.7%), (2) unhealthy diet (mean 47.2%, SD 18.2%),
and (3) difficulty in managing stress (mean 44.8%, SD 18.9%).
On the basis of these results, we designed 4 core cases of the
MC-CAT to feature cases with health risk behaviors—smoking,
physical inactivity, nonadherence to medication, and poor
diet—representing a range of NCDs (eg, obesity, asthma,
diabetes, and hypertension) [26]. The average number of
opportunities was 11.4 (SD 6.4, range 2-24).

Step 2: Case and Scoring Validation by International
Experts—Content Validity
The initial percentage of agreement between our classification
and the experts’ for the rank order of responses across all 4 base
cases was 60.9% (SD 14.0%; range 37.1%-84.3%). The
competency identification agreement across all 4 base cases
was 44.9% (SD 8.4%; range 30.5%-60.2%). In response to these
results and considering the specific feedback provided by our
international experts (74 comments over the 4 cases), we made
8 modifications to the rank ordering of statements and 23
modifications to aspects of the dialog (eg, making a statement
more or less consistent with MC; Table 3). The experts were
then asked to assess whether they agreed with the new rankings
of the modified cases and the competencies identified. After
this evaluation, an increase was noted in agreement for both the
rank order (mean 87.6%, SD 16.8%; range 16.7%-100%) and
the competency identification (mean 78.1%, SD 14.3%; range
48.6%-100%), which is considered as an acceptable level of
agreement [27].
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Table 3. Percentage agreement of the rank order of responses across all 4 base cases.

Agreement after modificationAgreementChoice of response for each case

PoorAcceptableGoodPoorAcceptableGood

Case A, (%)

1012.978.317.125.757.11

4.325.7704.337.158.62

026.773.324.338.637.13

020802.927.1704

013.386.71030605

1.728.37014.34045.76

2.7 (4.0)21.1 (6.8)76.4 (6.5)12.2 (8.1)33.1 (6.2)54.8 (11.6)Mean (SD)

Case B, (%)

3.3158025.727.147.11

1.76.791.715.727.157.12

02078.32.918.678.63

1.711.7854.33065.74

013.386.75.748.645.75

1.716.781.72.928.668.66

1.4 (1.2)13.9 (4.5)83.9 (4.9)9.5 (9.3)30 (9.9)60.5 (12.9)Mean (SD)

Case C, (%)

3.313.381.74.315.778.61

6.76.786.71044.345.72

3.316.78012.94047.13

3.326.7702.922.974.34

513.381.74.317.178.65

013.386.71.414.384.36

0208011.431.457.17

3.1 (2.4)15.7 (6.3)81.0 (5.6)6.7 (4.6)26.5 (12.2)66.5 (16.2)Mean (SD)

Case D, (%)

8.318.373.38.318.373.31

010903.353.343.32

3.32076.73.32076.73

06.793.33.323.373.34

06.793.313.326.7605

1.716.781.68.34048.36

2.2 (3.3)13.1 (6.0)84.7 (8.7)6.6 (4.1)30.3 (13.7)62.5 (14.2)Mean (SD)

2.5 (2.8)15.8 (6.4)81.5 (6.9)8.7 (6.8)29.8 (10.5)61.2 (13.8)Overall agreement, mean (SD)

Steps 3 and 4: Finalization of the Cases, Scoring
Scheme, and Integration Into the Web-Based MC-CAT
Platform
As part of the log-in process, HCPs were asked to enter basic
demographic information, including language preference, age,
sex, and specialty, the latter of which was used to present HCPs
with cases in their area of practice. Each case began by

presenting respondents with relevant patient information (age,
sex, diagnosis, and basic clinical information) in a file located
at the top right-hand corner of the screen and accessible anytime
during the assessment (Figure 2). The physician was then
informed of the behavioral target (eg, increasing physical
activity) and instructed to engage the patient in a conversation
about changing their behavior. The case always started with a
patient expressing ambivalence about health behavior changes.
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The physician was then directed to select a response from 1 of
5 randomly ordered options (Figure 1 provides a visual example
of a case). Each response corresponded to an opportunity to
demonstrate ≥1 of the 11 core MC competencies, which are
assessed multiple times per case and across cases and averaged
to obtain a score for that competency (Table 4 presents the
distribution of the competencies for each base case).

Of the 27 responses received during user experience testing, 10
(37%) comments reflected audio and visual elements (eg,
synchronization of the voice with the appearance of the text and
the mouth movement of the virtual patient), and 19 (70%)
comments reflected instruction elements (eg, lack of clarity in
sections of the consent form; typos). On the basis of this, the
29 comments were addressed by the research team and 42
Comets Inc when creating a new version of the MC-CAT
platform (version 2.0).

Table 4. Distribution of competencies for each of the 4 core cases.

ExamplePossibility of expressing target behaviorMC-CATa competency

Total, NCase D: medica-
tion adherence,
n (%)

Case C:
healthy diet,
n (%)

Case B: smok-
ing cessation,
n (%)

Case A: physi-
cal activity,
n (%)

“So you recognize the potential benefits
of a healthier diet, but it's challenging
given your line of work.”

164 (25)5 (31)4 (25)3 (19)Reflective listening

“Changing your daily eating habits when
there are barriers can be challenging. But
exploring the benefits may help.”

102 (20)3 (30)3 (30)2 (20)Expressing empathy

“You said you were fed up with feeling
breathless, and recognize that smoking
might be the cause. What would increase
your confidence in your ability to quit?”

92 (22)3 (33)2 (22)2 (22)Eliciting “change-talk” or
evocation

“It might help to know the benefits of
exercise. Tell me what you think you
would be able to do if you were in better
shape?”

62 (33)0 (0)2 (33)2 (33)Responding to resistance

“Cooking would be a great place to start!
And if it's something you enjoy, you are
more likely to stick with it. What is your
plan to get started?”

72 (29)2 (29)1 (14)2 (29)Goal setting

“It sounds like a great plan, and your
willingness to getting more information
this weekend demonstrates how impor-
tant this is to you.”

133 (23)4 (31)2 (15)4 (31)Demonstrating acceptance,
tolerance, and respect

“It sounds like we just need to find a
routine that works for you. Could we
explore some options together?”

83 (38)1 (13)2 (25)2 (25)Being collaborative

“If you want to avoid exacerbating your
diabetes, you need to commit to a diet
change, sooner rather than later.”

111 (9)5 (45)4 (36)1 (9)(Not) expressing hostility or
impatience

“I think that's a good place to start, all
you need to do is follow through.”

205 (25)4 (20)6 (30)5 (25)(Not) negatively judging or
blaming

“Yes, but since you lack confidence you
should also get behavioral counselling,
you don’t want to fail again!”

246 (25)6 (25)6 (25)6 (25)(Not) being argumentative or
confrontational

“There are several options: nicotine re-
placement therapy, medications, and be-
havioral counselling have all been shown
to be effective. What do you think would
work best for you?”

21 (50)0 (0)1 (50)0 (0)Providing information neutral-
ly

—b12631 (25)33 (26)33 (26)29 (23)Total

—256 (24)7 (28)6 (24)6 (24)Exchanges

aMC-CAT: Motivational Communication Competency Assessment Test.
bData not available.
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Step 5: Preliminary Internal Validity Analyses
We received 24 MC-CAT responses from undergraduate allied
HCP students. All participants had completed both assessments
(17/24, 71% female; living in the province of Quebec, Canada;
English speaking; with 0-5 years of practice in BCC and no
previous training in MC).

Case Consistency Analyses
To identify possible differences between the different versions
of the base cases (cases A1 to A4, B1 to B4, C1 to C4, and D1
to D4), ANOVAs were performed by comparing the competency
and ranking scores. No significant differences were identified
between the different versions of the case across the 2
measurement times (Figures 3 and 4; Table 5).

Figure 3. Score differences between each case version for time 1 (N=24).

Figure 4. Score differences between each case version for time 2 (N=24).
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Table 5. Global competency and ranking weighted scores at assessments 1 and 2 (N=24).

Difference between
cases, P value

Case 4 (%), mean
(SD)

Case 3 (%), mean
(SD)

Case 2 (%), mean
(SD)

Case 1 (%), mean
(SD)

All (%), mean
(SD)

Cases

Precourse

Competency (global competency score 64.9, SD 19.0)

.5168.5 (35.4)66.3 (30.6)78.7 (18.0)78.7 (11.6)73.1 (25.6)Case A

.9757.5 (13.1)57.5 (29.1)53.1 (15.3)54.9 (31.4)55.8 (24.2)Case B

.8266.6 (20.6)68.9 (22.1)75.0 (22.8)69.4 (31.5)70.0 (32.3)Case C

.2646.8 (32.4)55.5 (20.4)67.9 (22.2)56.9 (29.2)56.8 (27.4)Case D

Ranking (global ranking score 65.8, SD 17.4)

.2476.3 (16.6)63.6 (26.9)77.4 (15.8)77.3 (13.5)73.6 (18.9)Case A

.8947.7 (16.3)47.2 (32.0)41.7 (15.2)49.0 (25.2)46.4 (23.2)Case B

.8770.9 (16.9)70.4 (27.2)76.3 (23.3)76.4 (26.1)73.5 (22.6)Case C

.2444.6 (34.4)55.6 (23.9)68.6 (25.3)56.2 (31.6)56.3 (30.1)Case D

Postcourse

Competency (global competency score 77.6, SD 16.5;P<.001)

.5480.4 (16.1)88.2 (6.6)83.6 (15.0)82.8 (13.7)83.7 (13.3)Case A

.5078.4 (11.4)75.5 (15.8)72.0 (15.4)68.2 (19.8)73.3 (15.9)Case B

.6873.5 (28.7)70.2 (24.5)78.3 (18.2)80.1 (21.8)75.3 (23.5)Case C

.3269.6 (33.6)73.5 (36.2)74.6 (18.4)87.2 (12.8)77.7 (26.5)Case D

Ranking (global ranking score 77.8, SD 16.6;P<.001)

.2680.6 (14.8)88.2 (7.5)78.5 (16.1)78.2 (15.4)81.3 (14.1)Case A

.7268.5 (14.9)67.3 (23.2)59.4 (23.1)63.6 (23.4)64.3 (21.6)Case B

.3774.7 (22.0)78.1 (23.8)89.3 (11.5)85.7 (21.1)81.5 (21.1)Case C

.3171.7 (32.9)73.1 (37.0)75.0 (17.7)88.2 (12.5)78.4 (26.5)Case D

Internal Consistency of the Tool
The MC-CAT tool showed acceptable values of internal
consistency for global scores (25 items) at both time 1 (α=.78)
and time 2 (α=.80).

Discussion

Principal Findings
The objectives of this study were to develop the MC-CAT, a
new, web-based, user-friendly tool for assessing communication
competencies among HCPs in the context of changing health
behaviors among patients with NCDs, conduct an initial internal
validity assessment, and evaluate score consistency between
the base and modified cases. The MC-CAT was designed to
simulate clinical interactions with virtual patients to provide
both global and specific scores for 11 core communication skills
[16]. It was co-designed in collaboration with key stakeholders
(ie, physicians, HCPs, researchers, and health care
administrators) using an iKT approach to ensure its clinical
relevance and feasibility for use in practice. The web-based
platform was also user-tested to ensure ease of navigability
among target users.

The results of this 5-step mixed methods study indicate that the
MC-CAT demonstrates acceptable levels of internal consistency

for the global competency score (α=.78-.80), and little variance
was found across different versions of the 4 base cases. This
level of internal consistency is higher than the levels observed
in many existing communication assessment tools such as the
Pediatric Consultation Assessment Tool and the Four Habits
Coding Scheme, which had Cronbach α values between .52
[28] and .66 [29]. However, it was slightly lower than the levels
seen in other tools (eg, the Council of Emergency Medicine
Residency Directors Standardized Direct Observation
Assessment Tool [30] or the Doctors’ Observable Use of
Self-Efficacy Enhancing Interviewing Techniques measure [31],
with Cronbach α=.93 and .94, respectively). Several factors can
affect the results of a tool’s internal consistency analysis (also
considered a measure of scale reliability), such as the number
of participants included in the analysis (varying between 19 and
82 participants for these 4 tools, in contrast to 32 participants
for our analyses), the potential for evaluation biases associated
with assessment methods (eg, self-report surveys and
observational scales vs an objective scoring algorithm), and the
number of items (varying between 10 and 26 items for these 4
tools). However, using a rigorous development process, we
have developed an assessment tool that met our internal validity
criterion (ie, α between .70 and .95), and we are satisfied that
we can move forward with internal and external validation
among HCPs.
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Comparison With Prior Work
To our knowledge, this is the first study to describe the
development of a web-based interactive communication skills
assessment tool for HCPs [17]. The MC-CAT tool was also
developed in parallel with a theory-driven and
evidence-informed MC training framework for HCPs [16]. As
such, the MC-CAT addresses the shortcomings of approximately
50% of the 45 existing communication competency assessment
tools [17], which our recent review revealed were not informed
by established theories of communication or behavior change.
Furthermore, most tools did not explicitly define the
communication competencies they were designed to assess [17],
unlike MC-CAT, which was specifically designed to assess the
11 core communication competencies of MC, which HCPs and
behavior change experts identified as being the most critical for
changing health behaviors in the context of NCD management
[16]. We developed a tool to assess MC competencies [16] as
MC has become an increasingly popular communication style
among HCPs [32,33]. The fact that MC-CAT assesses all MC
competencies and not a subset of these skills also overcomes
the limitations of previous tools that have not been developed
to provide comprehensive assessments of specific
communication frameworks [17]. The total scores on the
MC-CAT also reflected the relative importance of each
individual competency proportional to its use in practice. In
other words, communication skills that are used more frequently
during patient consultations (eg, asking open evocative
questions, reflective listening, and expressing empathy) are
given greater weight in the final scoring. This is an important
strength of the tool, as we are aware of no existing tools that
take into account the real-world frequency with which certain
skills are used in their scoring algorithms. We also ensured that
the different versions of our 4 base cases (cases A1 to A4, B1
to B4, C1 to C4, and D1 to D4) were comparable in terms of
competency and ranking scores. This means that our adaptations
were consistent with the original scoring algorithm and that we
can use them to create further adaptations of the 4 base cases
to further extend the case bank of the tool.

One of the most useful and attractive features of the MC-CAT
is that it is scored automatically based on a preprogrammed
algorithm, which eliminates the need for external raters to
conduct assessments (ie, interrater reliabilities). The need for
external, trained raters is a feature of all existing assessment
tools [17]. Although more rigorous than self-reported
assessments, a manual rating is associated with significant costs
in terms of time and complexity. The fact that the MC-CAT is
scored automatically also reduces the potential biases associated
with the subjective nature of rater assessments and eliminates
the need for multiple raters to assess agreement, which removes
time and complexity. Indeed, in previous studies using external
raters to assess physician communication competencies, training
time averaged 14 hours and ranged from 1.5 to >90 hours [17],
which may not be feasible to implement in practice. Most
previous studies (61%) also failed to standardize the training
of external raters [17], which can greatly affect the fidelity of
the coding process and does not allow for the comparison of
one evaluation with another. Finally, the MC-CAT was
specifically designed to address the practical constraints of many

NCD-focused physicians who may not have the time to undergo
complex evaluations [11]. The MC-CAT tool is completed on
the web using any electronic device and takes between 15 and
20 minutes to complete, which are features that our HCP
collaborators have indicated as both acceptable and feasible.

Study Limitations and Strengths
First, this study may be limited by the fact that we did not
specifically include patients with NCDs as part of our
stakeholder groups. The rationale was that our target users were
HCPs; hence, our focus was on engaging various physicians,
HCPs, and health administrator stakeholders. There is already
an evidence base demonstrating that patients whose physicians
use MC-type approaches feel more understood, have more trust
in their providers, are more adherent to treatment, are more
satisfied with their care, and have better outcomes [10,34-38].
As such, our goal was not to validate this work but rather to
focus on how to facilitate the implementation of these
approaches into practice. Second, although the MC-CAT
includes a range of cases that are intended to reflect real-world
clinical encounters, it was not possible to create cases that
reflected all behavioral issues involved in these diseases, which
may limit the generalizability of the tool. Similarly, we
attempted to include cases that reflected patient diversity in
terms of sociodemographic characteristics (ie, age, sex, and race
or culture); however, it was not possible to include all
combinations and permutations of these characteristics, which
may be seen as a limitation. However, now that we have
validated the scoring integrity of our 4 base cases and their
alternate versions, our next step is to create additional
adaptations that will increase the heterogeneity of our case bank.
Finally, the MC-CAT relies on computer and internet access,
which may not be readily available to some providers.

Despite these limitations, this study also has several notable
strengths. Critical to successfully developing a valid and reliable
assessment tool, we integrated several key stakeholder groups
in all steps of the development process (eg, content, testing, and
recruitment) using the knowledge transfer cycle as the basis of
our iKT strategy [18]. This is expected to optimize the uptake
and impact of assessment tools in clinical practice and research.
In addition, we did not neglect the design of the web-based
platform and conducted careful user-testing using the User
Experience Framework [39] to assess appeal, clarity, and
navigability. This framework provides several dimensions to
consider when designing and testing a web-based tool, presented
on a continuum from abstract to concrete regarding visual
design, interaction design, and functional specifications.
Through this process, we further refined the tool to make it
more user-friendly and intuitive. Another strength of our
development process is that we created multiple versions of our
base cases and tested whether they were comparable using a
factorial analysis, which revealed no significant differences
between cases on competency and ranking scores. This increases
our confidence that the MC-CAT is now ready for
comprehensive psychometric property analyses among target
users (ie, HCPs: nurses and physicians), which is the next step
in the development process.
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Conclusions
The MC-CAT is a new web-based, interactive, user-friendly
MC assessment tool that was codeveloped with a range of
relevant stakeholders. The results demonstrated acceptable
internal consistency for global competency scores, which
indicates that it is ready for more comprehensive psychometric
property analyses, including both internal and external validity
tests (eg, positive and negative predictive values and convergent
validity) in a national sample of HCPs across disciplines. We
will continue to use an iterative approach during subsequent

phases of development, and we are prepared to further refine
the tool and its scoring algorithm as needed. Once developed,
the MC-CAT will be the first web-based MC assessment tool
that can be easily and widely accessed by a variety of HCPs
and can be used not only as an evaluation tool but also as an
adjunct to the MC training programs. Its accessibility,
convenience, and user-friendliness are expected to increase the
uptake and improve the quality of MC training programs
designed to improve HCPs’ ability to effectively motivate and
support patients to adopt healthy behaviors in the context of
NCD prevention and management.
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Abstract

Background: The digital age has introduced opportunities and challenges for clinical education and practice caused by infinite
incoming information and novel technologies for health. In the interdisciplinary field of communication sciences and disorders
(CSD), engagement with digital topics has emerged slower than in other health fields, and effective strategies for accessing,
managing, and focusing on digital resources are greatly needed.

Objective: We aimed to conceptualize and investigate preferences of stakeholders regarding a digital learning toolbox, an app
containing a library of current resources for CSD. This cross-sectional survey study conducted in German-speaking countries
investigated professional and student perceptions and preferences regarding such an app’s features, functions, content, and
associated concerns.

Methods: An open web-based survey was disseminated to professionals and students in the field of CSD, including
speech-language pathologists (SLPs; German: Logopäd*innen), speech-language pathology students, phoniatricians,
otolaryngologists, and medical students. Insights into preferences and perceptions across professions, generations, and years of
experience regarding a proposed app were investigated.

Results: Of the 164 participants, an overwhelming majority (n=162, 98.8%) indicated readiness to use such an app, and most
participants (n=159, 96.9%) perceived the proposed app to be helpful. Participants positively rated app functions that would
increase utility (eg, tutorial, quality rating function, filters based on content or topic, and digital format); however, they had varied
opinions regarding an app community feature. Regarding app settings, most participants rated the option to share digital resources
through social media links (144/164, 87.8%), receive and manage push notifications (130/164, 79.3%), and report technical issues
(160/164, 97.6%) positively. However, significant variance was noted across professions (H3=8.006; P=.046) and generations
(H3=9.309; P=.03) regarding a username-password function, with SLPs indicating greater perceived usefulness in comparison
to speech-language pathology students (P=.045), as was demonstrated by Generation X versus Generation Z (P=.04). Participants
perceived a range of clinical topics to be important; however, significant variance was observed across professions, between
physicians and SLPs regarding the topic of diagnostics (H3=9.098; P=.03) and therapy (H3=21.236; P<.001). Concerns included
technical challenges, data protection, quality of the included resources, and sustainability of the proposed app.

Conclusions: This investigation demonstrated that professionals and students show initial readiness to engage in the co-design
and use of an interdisciplinary digital learning toolbox app. Specifically, this app could support effective access, sharing, evaluation,
and knowledge management in a digital age of rapid change. Formalized digital skills education in the field of CSD is just a part
of the solution. It will be crucial to explore flexible, adaptive strategies collaboratively for managing digital resources and tools
to optimize targeted selection and use of relevant, high-quality evidence in a world of bewildering data.
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Introduction

Background
Mobile devices are rapidly revolutionizing the means of
communication, learning, and health care. Since the emergence
of new technologies and devices such as smartphones, tablets,
PDAs, smartwatches, and laptop computers among others in
the past decades, the adoption of such technologies in the health
sciences and medical education has been increasingly explored
[1-3]. Specifically, the use of mobile devices for patient care,
both by patients (eg, health apps) and by clinical professionals
(eg, patient monitoring tools, telemedicine, and teletherapy)
and for research and education purposes (eg, reference apps)
has increased [4-6]. This has especially been prevalent
considering the COVID-19 pandemic, which has pushed
investigation into creating and improving such solutions to the
forefront [7-9]. In this context, the term mobile health or
mHealth has emerged to describe the broad spectrum of
information-communication technology for medical and public
health practices supported by mobile devices, whereas the terms
mobile learning or mLearning have evolved to describe the use
of mobile devices to deliver educational content for preclinical,
clinical, or specialty training and continuing education or
professional development [10,11]. Given that most clinical
professionals and students own such mobile technology and the
evidence that health care students prefer web-based resources
as their primary source of clinical information, the use of mobile
medical apps as reference tools is becoming the norm as opposed
to an exception [12-14]. As implementation of such technologies
and apps continues to increase, it is evident that the future of
medicine will inevitably require health professionals to flexibly
include media literacy, digital knowledge, and skills into part
of their professional scopes of practice.

In the field of communication sciences and disorders (CSD),
investigation into digital solutions such as mobile health and
mobile learning apps is also becoming popular, although at a
slower pace than in other medical fields [15,16]. As an
interdisciplinary field concerned with treating the estimated 1
billion people worldwide living with a disability often affecting
their speech, language, hearing, voice, or ability to functionally
communicate, the field strongly relies on the effective,
coordinated efforts of speech-language pathologists (SLPs),
phoniatricians, and otolaryngologists among others [17]. In the
ever-evolving health care environment, digital solutions
especially have the potential to optimize interdisciplinary care
and collaboration, which has been identified as a key component
to futureproofing health care, in other words, designing
adaptable solutions for even when technology progresses
[18-21]. Thus, exploration of digital resources across disciplines
can be useful. In addition to improvements to well-established
digital technologies in the field such as augmentative and
alternative communication devices, hearing aids, and cochlear

implants, mobile technologies are beginning to revolutionize
alternative methods of service delivery (eg, telerehabilitation
and telepractice) and treatment material (eg, digital therapy or
medical apps) and are increasingly empowering patients to
engage in their own health management to a greater extent
[22-25]. Furthermore, there is some evidence that mobile app
technology through smartphones and tablets can improve
performance in both speech-language pathology graduate
students and otolaryngology and phoniatrics residents when
explicitly trained or used as knowledge building (eg, case
scenarios, simulations, and question banks) or resource sharing
tools [24,26-28]. Although the uncountable and increasing
number of apps is impressive, it may be beginning to pose a
challenge to meaningful, evidence-based, clinical
decision-making and learning [24,29]. In response, digital tools
are emerging to provide clinical professionals with faster and
easier access to preassessed, evidence-based, psychometrically
sound assessments for clinical purposes. For example, the NIH
Toolbox for the Assessment of Neurological and Behavioral
Function from the National Institutes of Health specifically
serves as a comprehensive and portable digitized battery of
measures for clinicians to assess and track motor, emotional,
sensory, and cognitive functions. By using the benefits of big
data, the system can transmit 15,000 data points in ≤7 minutes
and has been investigated in >600 studies [30]. Similarly, the
PROMIS (Patient-Reported Outcomes Measurement Information
System) iPad app, which has been investigated in >2000 studies
so far, allows for the monitoring of physical, mental, and social
health in adults [31]. Similarly, Torous and Vaidyam [32]
designed the mindLAMP (learn, assess, manage, and prevent)
mental health app with the intent of more comprehensively
addressing multiple user needs; importantly, they emphasized
that collaboratively designed comprehensive platforms in the
form of a digital health technology toolbox can help to eliminate
the need for single-purpose apps and could potentially maximize
utility and user uptake. However, importantly, such
comprehensive, data-backed tools specifically within CSD are
scarce.

Moreover, even though such tools are available, the influx of
digital resources appears to be undermined because many
professionals and students are reportedly unfamiliar with such
tools and are not confident in their knowledge and skills
pertaining to digital health and clinical resources [33-35].
Although >80% of health professionals surveyed in a European
Health Parliament questionnaire reported feeling unprepared
for technological developments in health care, 60% of students
surveyed across 39 countries similarly felt inadequately trained
for the digitalizing health care environment, citing lack of digital
skills training and knowledge of digital tools and resources as
causes [34,35]. Although professionals and students in CSD
have demonstrated interest in increased digital topics in clinical
training and continuing education, studies have demonstrated
that only approximately 36% to 41% of speech-language
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pathology academic training programs in the United States
explicitly incorporated telepractice apps as part of their curricula,
and digital skills have not consistently been an integral
component of medical otolaryngology or phoniatric specialty
training programs [28,36,37]. Moreover, the increasing number
of digital clinical resources and tools is accompanied by a
concern of information and data overload, which can make
judging the relevance and usefulness of information more
difficult. It has been suggested that rather than the issue being
an influx in digital information and data, it may be that
traditional strategies for managing and evaluating information
have not progressed at the same pace as the production of
information [38,39]. Furthermore, this can make it difficult to
assess the quality of digital clinical resources, many of which
have not been peer reviewed or have unknown publishers
[40,41].

Objectives
Thus, as digital resources continue to grow exponentially
[10,11], it is becoming increasingly clear that professionals and
students require digital skills and media literacy training and
strategies for sorting through and critically evaluating the quality
of digital resources that already exist. Therefore, having an
up-to-date library of field-relevant, interdisciplinary, digital
learning and therapy tools, which could be collaboratively
expanded upon and accessed across multiple platforms or
devices in the form of an app, could be useful. Expanding upon
the concept of a multiple-use digital health technology toolbox
previously mentioned by Torous and Vaidyam [32], we proposed
that a digital resource library app focused on resource sharing
rather than clinical assessment—what we have termed a digital
learning toolbox (DLT)—could be useful. Specifically, such a
tool could help to spark discussion regarding quality assessment,
usefulness, and areas of need for existing digital resources. To
support the future development of such a digital resource library
app with maximized user-centered design, our study aimed to
gain insights into the perceptions and preferences of valuable
stakeholders, specifically professionals and students in
speech-language pathology, phoniatrics, and otolaryngology in
German-speaking countries (mainly Germany, Austria, and
Switzerland). Specifically, we aimed to determine the interest
in such an app and identify potential concerns and desired
features, functions, or content through a structured questionnaire,
which was disseminated to the speech-language pathology,
phoniatrics, and otolaryngology professional and academic
communities. Differences across professions, generations, and
years of experience were also explored.

Methods

Overview
This survey study was conducted in accordance with the
CHERRIES (Checklist for Reporting Results of Internet
E-Surveys) guidelines [42]. This survey was the second part of
a large survey study. In the first part, knowledge, use, attitudes,
and preferences toward digital health and learning of current
students and professionals across the interdisciplinary fields of
speech-language pathology, phoniatrics, and otolaryngology in
the German-speaking countries were investigated. The results

of the first section have already been published in a separate
article to maximize the depth of analysis [43]. This study focuses
separately on professional and student attitudes and preferences
regarding a proposed DLT app. The target populations of the
proposed app were professionals and students in CSD, including
physicians (phoniatricians and otolaryngologists), SLPs, medical
students, and speech-language pathology students. The app
would serve as an interdisciplinary, collaborative library of
open-source digital learning and therapy tools. It would include
content relating to anatomy and physiology, pathology,
diagnostics, therapy, professional practice issues, and
networking. Moreover, this proposed app could include
functions such as introductory tutorial; filter functions based
on content, language, or source among others; tool rating
function; glossary; and app community. Additional settings for
increased usability such as a tool sharing function, tool
organization function, notification management, and technical
error reporting could also be incorporated. To co-design the app
to be maximally useful, professionals and students were asked
to rate and provide their input on desired content, functions,
and settings. Survey screens and a narrative explanation are
included in Multimedia Appendix 1.

Ethics Approval
The Ethics Committee of the Medical Faculty at the University
Hospital of the Rheinisch-Westfälische Technische Hochschule
Aachen University (EK 188/20) determined that the study did
not require a full data protection impact assessment as the
questionnaire used in the study was fully anonymous.
Demographic information regarding profession, years of
experience, generation, and sex was collected. Participation was
voluntary and could be ended at any time.

Participants and Recruitment
An invitational letter and flyer containing a link to the open
survey was shared with professional regulating bodies and
university clinical programs in speech-language pathology,
phoniatrics, and otolaryngology and with relevant open student
and professional groups on Facebook within German-speaking
countries. To participate in the survey, participants had to be
one of the following: (1) physician in phoniatrics or
otolaryngology, (2) SLP, (3) medical student, or (4)
speech-language pathology student. Before beginning the
survey, participants were prompted to read through detailed
study background, aims, procedures, anonymous data to be
collected, data protection policies, and contact persons and were
required to provide informed consent before proceeding. Other
than demographic information including profession, years of
experience, generation, and sex, no personal information was
collected, and no incentives for participation were offered.

Platform
The web-based survey was hosted on university-licensed
LimeSurvey (version 4.3.14+200826; LimeSurvey GmbH), a
web-based statistical survey web application that conforms to
the required data security legislation dictated by the German
Federal Data Protection Act, the European Data Protection
Directive 95/46/EC, and the European General Data Protection
Regulation [44]. To prevent repeated access to the survey,
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unique survey visitors were tracked by cookies as allowed per
the participant’s browser settings, but no IP addresses were
saved. Cookies were set at the start of the survey and were valid
for the LimeSurvey default of 365 days.

Survey Design and Content
An interdisciplinary team (the authors) consisting of an SLP
(YL), phoniatrician and otolaryngologist (CNR), and
instructional designer (ML) developed, pretested, and
cross-checked a semistructured anonymous questionnaire to
ensure comprehensibility and appropriateness of the survey
questions. This second part of the survey contained 15 questions
pertaining to sociodemographic information and attitudes and
preferences regarding a proposed digital resource library app,
which we have termed a DLT. There were 12 screens with 1 to
4 questions displayed per page, including the initial page with
participant information on which the participant had to give
consent before proceeding. The survey contained the following
question types: yes or no questions, multiple-answer questions
(with a free-text response option), arrays with Likert scale
ratings, and free-text entries. Array questions contained 5 to 10
features or topics, which the participants rated on a 4-point
Likert scale (translated from German: not important at all, not
important, important, and very important and not useful,
minimally useful, useful, and very useful). An even-numbered
scale was used to avoid central tendency bias. Free-text entries
were conditionally displayed based on the preceding yes or no
question; they allowed for expansion upon the chosen answer
and additional comments. For each question, directions were
provided to aid understanding (eg, “multiple answers may be

chosen” and “please rate the following statements”). To ensure
common understanding of the purpose of the proposed app, a
narrative explanation of the app’s purpose and function was
provided before any questions were presented. All questions
except the free-text entries were mandatory for survey
completion and submission. Participants were able to revise
their answers using the forward and backward navigation
buttons. Surveys were collected from August 2020 to December
2020.

Statistical Analysis
Data from the anonymous surveys were analyzed using SPSS
(version 27; IBM Corp) to analyze data in a primarily descriptive
manner.

Results

Overview
Of the 213 unique survey visitors, 13 (6.1%) individuals visited
the start page containing study information and informed consent
but did not start the survey, and 35 (16.4%) individuals started
the survey but did not complete it. The participation rate was
93.9% (200/213), and the completion rate was 77.5% (165/213).
Only completed questionnaires (optional responses not required)
were analyzed. Excluding 0.6% (1/165) of the surveys from a
dentistry student, 99.4% (164/165) of the surveys were analyzed.
Participant characteristics are summarized in Table 1.
Generations were defined according to the divisions defined by
the Pew Research Center [45].
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Table 1. Participant characteristics (N=164).

Participants, n (%)Characteristics and subtypes

Sex

145 (88.4)Women

19 (11.6)Men

Profession

32 (19.5)Physician (phoniatrician and ears, nose, and throat specialist)

69 (42.1)Speech-language pathologist

20 (12.2)Medical student (German: Humanmedizin Studierende)

43 (26.2)Speech-language pathology student

Generation

56 (34.1)Generation Z (1996 and later)

62 (37.8)Generation Y or Millennials (1980-1995)

33 (20.1)Generation X (1965-1979)

13 (7.9)Baby Boomer (1946-1964)

Professional experience (years)

60 (36.6)0a

38 (23.2)1-5

15 (9.1)6-10

11 (6.7)11-15

18 (10.9)16-20

22 (13.4)>20

aStill studying.

General Interest in a DLT App
Of the 164 included participants, 162 (98.8%) participants
expressed that they were open to trialing the proposed DLT app
for subjects about CSD. In an optional follow-up response, 6.3%
(2/32) physicians who indicated no interest in the proposed app
cited concerns regarding app data collection. No significant
differences across professions, years of experience, or
generations were found. Regarding usefulness, 96.9% (159/164)
of the participants reported that they found the proposed app
helpful. In an optional follow-up free-response question, 3%
(1/32) of the physicians indicated concerns about peer review
of resources, and another 3% (1/32) of the physicians expressed
that the topics were irrelevant to their current work. No
significant differences across professions, generations, or years
of experience were observed.

App Functions
Participants were asked to rate selected app functions on a
4-point Likert scale (1=not useful, 2=minimally useful, 3=useful,
and 4=very useful; translated from German). This scale was
also used to rate app settings in the next section. Participants
were asked to rate the following app functions: introductory
tutorial; filter functions based on content, purpose, digital
format, language, source, and target audience; tool rating
function; glossary; and app community function. A summary
of the perceived usefulness of these selected app functions is
presented in Figure 1. Regarding the introductory tutorial, of

the 164 participants, 89 (54.3%) participants rated the function
as very useful, 65 (39.6%) rated it as useful, and 10 (6.1%) rated
it as minimally useful. Of the 164 participants, 111 (67.7%)
participants rated a filter function based on content or topic (eg,
anatomy and specific disorder category) as very useful, 52
(31.7%) ranked it as useful, and 1 (0.6%) participant ranked it
as minimally useful. Similarly, most participants found a filter
function based on the purpose or focus of a digital tool (eg,
general disorder overview and clinical measurement) as very
useful (87/164, 53%) and useful (70/164, 42.7%), whereas 4.3%
(7/164) of the participants rated the function to be minimally
useful. Among the 164 participants, a filter function based on
digital format was rated as very useful by 43 (26.2%)
participants, useful by 88 (53.7%), minimally useful by 32
(19.5%), and not useful by 7 (4.3%) participants. Of the 164
participants, a filter function based on language was rated as
very useful by 78 (47.6%) participants, useful by 79 (48.2%),
and minimally useful by 7 (4.3%) participants. Of the 164
participants, 50 (30.5%) participants found a filter based on
source (eg, digital tool created from a university vs commercial
or industry) to be very useful, 83 (50.6%) found it to be useful,
28 (17.1%) found it to be minimally useful, and 3 (1.8%)
participants found it to be not useful. Among the 164
participants, a filter function based on target audience (eg,
students vs professionals) was rated as very useful by 65 (39.6%)
participants to be very useful, useful by 75 (45.7%), minimally
useful by 21 (12.8%), and not useful by 3 (1.8%) participants.
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Interestingly, although most participants found the option to
rate tools as very useful (34/164, 20.7%) or useful (89/164,
54.3%), approximately one-fourth of the participants rated this
as minimally (39/164, 23.8%) or not useful (2/164, 1.2%).
Regarding the glossary function with digital learning and digital
health terminology, of the 164 participants, 72 (43.9%)
participants rated the function as very useful, 73 (44.5%) rated
it as useful, 18 (10.9%) rated it as minimally useful, and 1
(0.6%) participant rated it as not useful. Finally, when rating
the usefulness of an app community function, opinions varied
greatly. Among the 164 participants, 27 (16.5%) participants
rated the function as very useful, 67 (40.9%) rated it as useful,
61 (37.2%) rated it as minimally useful, and 9 (5.5%) rated it
as not useful. Significant differences across professions were
found regarding preference for an app community (H3=9.785;
P=.02), specifically between physicians and medical students
and between medical students and speech-language pathology
students; however, pairwise comparisons were no longer
significant when Bonferroni correction was applied.

When asked to provide additional desired functions in an
optional free-response follow-up question, participants cited
the challenges associated with specific functions and several
interesting suggestions. An SLP cited a preference for text
tutorials as they felt that video tutorials did not allow sufficient
time for processing keywords or skipping irrelevant material.
Additional functions suggested by SLPs included the
incorporation of newsfeed feature, filter function based on
complexity, text-to-speech function, examples of use,
individualization options in settings, frequently asked questions
(FAQs) function, and the ability to save certain content. Some
of these features were presented in the question regarding app
setting functions (eg, newsfeed feature and personalization
options). Speech-language pathology students additionally
suggested the option to track learning progress and link similar
content to help with standardization or validation of certain
digital tools. A physician also suggested the incorporation of
audio or visual aids (eg, text-to-speech and larger font options)
for students or professionals who need such supports.

Figure 1. Perceived usefulness of selected app functions.

App Settings
Participants rated the app settings in terms of their perceived
usefulness. Participants were specifically asked to rate the
following app settings: option to share tools, option to organize
tools into folders, username and password login, notifications
for updates, and setting for reporting technical difficulties. A
summary of the perceived usefulness of these app settings is
shown in Figure 2. Regarding the option to share digital tools
via social media links (eg, through email, WhatsApp, and
Facebook), of the 164 participants, 49 (29.9%) participants rated
such a function as very useful, 95 (57.9%) rated it as useful, 16
(9.8%) rated it as minimally useful, and 4 (2.4%) participants
rated it as not useful. Of the 164 participants, 83 (50.6%)
participants rated the settings option to organize and save tools
into personalized categories and folders as very useful, 75

(45.7%) rated it as useful, 5 (3%) rated it as minimally useful,
and 1 (0.6%) participant rated it as not useful. Regarding the
incorporation of a username and password function, of the 164
participants, 80 (48.8%) participants found the setting to be
very useful, 58 (35.4%) found it to be useful, 22 (13.4%) found
it to be minimally useful, and 4 (2.4%) found it to be not useful.
Significant differences were found across professional groups
(H3=8.006; P=.046) regarding the username and password
function; specifically, SLPs demonstrated greater preference
for such a setting than their speech-language pathology student
counterparts (P=.045) when Bonferroni correction was applied.
Similarly, significant differences were found across generations
(H3=9.309; P=.03), with Generation Z demonstrating
significantly high distribution of opinions (P=.04), whereas
Generation X primarily preferred a username and password
function. Regarding a setting for receiving notifications for
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updates or the addition of new digital tools to the app library,
of the 164 participants, 31 (18.9%) participants rated it as very
useful, most participants (n=99, 60.4%) found it to be useful,
29 (17.7%) found it to be minimally useful, and 5 (3%)
participants found it to be not useful. Of the 164 participants,
most participants also agreed that a setting for reporting
technical issues would be very useful (n=92, 56.1%) or useful
(n=68, 41.5%), whereas 4 (2.4%) participants found it to be
minimally useful. Significant differences were found across
generations (H3=9.309; P=.02); however, these findings were

no longer significant for pairwise comparisons when Bonferroni
correction was applied.

When asked to provide additional desired functions in an
optional free-response follow-up question, only SLPs and
speech-language pathology students made additional comments.
SLPs again emphasized the desire for a text-to-speech function
and an FAQs section, whereas speech-language pathology
students additionally suggested the option for data extraction
to or synchronization with Microsoft Office or commonly used
programs and the option to synchronize personalized digital
libraries across multiple devices.

Figure 2. Perceived usefulness of selected setting functions.

Content Areas
Participants were asked to rate the perceived importance of
various clinical and professional subjects on a 4-point Likert
scale (1=not important at all, 2=not important, 3=important,
and 4=very important). Participants were asked to rate the
importance of the following content areas: anatomy and
physiology, pathology, diagnostics, therapy, professional
practice issues, and professional networking. A summary of the
perceived importance of the selected clinical content areas is
presented in Figure 3. Of the 164 participants, 75 (45.7%)
participants found anatomy and physiology to be very important,
74 (45.1%) found them to be important, 14 (8.5%) found them
to be not important, and 1 (0.6%) found them to be not important
at all. Of the 164 participants, most participants rated the content
area of pathology as very important (n=68, 41.5%) or important
(n=83, 50.6%), whereas 13 (7.9%) participants found it to be
not important. All except 1 participant found the subject of
diagnostics to be either very important (123/164, 75%) or
important (40/164, 24.4%), with significant difference across

professional groups (H3=9.098; P=.03), specifically with greater
variance in perceived importance of diagnostic topics among
physicians than among SLPs (P=.02). All participants agreed
that therapy was either a very important (142/164, 86.6%) or
important content area (40/164, 24.4%); however, interestingly,
significant differences were found across professional groups
regarding perceived level of importance (H3=21.236; P<.001).
In particular, physicians demonstrated significantly great
variance regarding the perceived level of importance for topics
related to therapy, whereas SLPs almost unanimously rated
therapy as a very important content area (P=.02). Of the 164
participants, 66 (40.2%) participants rated professional issues
as very important, 71 (43.3%) rated them as important, and 27
(16.5%) participants rated them as not important. Regarding
the content area of professional networks, of the 164
participants, 52 (31.7%) participants perceived it to be very
important, 88 (53.7%) perceived it to be important, 22 (13.4%)
perceived it to be not important, and 2 (1.2%) participants
perceived it to be not important at all.
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Figure 3. Perceived importance of selected clinical content areas.

App Concerns
To gain insight into participants’ opinions regarding challenges
or concerns regarding the proposed app, participants were asked
to choose from suggested concerns and were also given the
option of a free-response textbox to express their opinions.
Although of the 164 participants, 53 (32.3%) participants
indicated that they had no concerns at all, most (n=111, 67.7%)
participants expressed concerns. Specifically, of the 164
participants, 69 (42.1%) participants expressed concerns about
technical difficulties, 67 (40.9%) expressed concerns about data
privacy and protection, and 13 (7.9%) participants expressed
that they doubted the usefulness of such a proposed app. No
significant differences across professions, generations, or years
of experience were observed.

In the optional free-response textbox, SLPs expressed concerns
regarding quality, the possibility of data overflow, and the need
for keeping the app consistently updated. Speech-language
pathology students indicated concerns regarding potential
difficulties in knowing how to use all the app functions, the
quality of the tools included in the library, and how digital tool
ratings would be managed. In addition, physicians mentioned
concerns about the long-term applicability of some of the tools
included in the app library and the potential for limited exchange
among users of the app. Notably, 2.4% (4/164) of the
participants mentioned confusion and limited understanding of
the proposed app and wanted to see a prototype to aid their
evaluation.

Discussion

Overview
In this study, participants indicated readiness to trial a DLT app
and reported desired functions that would increase utility and

ability to share resources and help with knowledge management;
they also reported concerns regarding technical barriers, data
protection, quality, and sustainability.

Given the exponentially increasing number of digital resources
that generates tremendous cognitive load, solutions for better
management and evaluation of the vast amounts of incoming
digital information are urgently needed. For professionals, lack
of time and skills for effective searching has been previously
shown to hamper effective integration of information into
workflow and clinical practice. Moreover, speed of information
access has been shown to take precedence over the quality of
information, indicating a problematic lack of prioritization of
evidence-based practice in the face of digital information
overload [46-48]. For students, it has been demonstrated that
providing access to information at the point of need promotes
learner-centric knowledge and skill building, which is further
facilitated through time management and access to resources
other than those offered by their academic institutions
[2,3,49,50]. Thus, to improve accessibility, quality, and
manageability of digital resources and tools, this survey study
sought to investigate the potential usefulness and desired
features of a proposed collaborative library of digital tools and
resources—a DLT app for CSD.

General Interest in DLT App
The fact that most participants (162/164, 98.8%) indicated
interest in trialing the proposed app is encouraging and
demonstrates a readiness to engage in digital health topics, as
seen in other studies with clinical professionals and students
[6,11,23,34]. For the few participants who did not indicate
interest in the app, their concerns of data collection are not
unfounded. Given that many health apps are free and paid for,
often using personal data for personalized advertisement and
marketing, such fears are understandable [51]; however, it was
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not the intention of the proposed app to be used for any
commercial purposes. Importantly, a participant indicated
feeling that digital resources were not relevant to their current
work. Such comments demonstrate that although most
professionals and students may be open to digital developments,
the degree of digitalization and acceptance varies. Moreover,
there is a critical need for explicit digital skills and digital health
education—both at the level of academic training and continuing
professional development.

App Functions
Regarding app functions, features (introductory tutorial, app
rating function, glossary, and app community) and specific filter
functions (based on content or topic, purpose, digital format,
language, source, and target audience) were investigated. Given
that introductory tutorials have been demonstrated to greatly
increase the usability of an app, it is unsurprising that most
survey participants rated this feature as very useful (89/164,
54.3%) or useful (65/164, 39.6%) [52]. However, notably, in
an optional free-response follow-up, a participant mentioned
the format of introductory tutorials, specifically pointing to the
challenge of insufficient time for processing and understanding,
given the increasing shift to video-based as opposed to only
text-based tutorials. This aligns with previous literature
demonstrating that although video-based tutorials often provided
rich visual input and support, text-based introductory materials
required less mental effort to comprehend and thus had an
efficiency advantage [53]. Thus, although video tutorials
organized by functions or settings could be useful for visual
input, extraneous redundant processing could be reduced by
eliminating unnecessary onscreen text, simple visuals, and the
option to pause or skip sections [54].

Regarding tool or resource rating, it was notable that
approximately one-fourth of the participants perceived the
function to be minimally useful (39/164, 23.8%) or not useful
(2/164, 1.2%). Considering the dire need for more quality
assessment or peer-review processes for the increasing number
of digital resources that continue to be unevaluated, it is
interesting that high perceived importance was not found.
Although it would be necessary to systematically explore and
design the details of such an evaluation or rating function (eg,
star ratings, commentaries, and standardized or nonstandardized
scale ratings) for such a proposed app with experts, it has been
suggested that formalized or standardized checklists, such as
the Mobile App Rating Scale or the Interactive Mobile App
Review Toolkit, could be used to improve quality assessment
[55,56]. Systematically, well-designed review criteria could
help professionals and students to have more tangible means of
quickly attaining information regarding a digital tool’s evidence
base, usefulness, problems, and costs among other factors [56].
However, in the long run, it will be important for professional
regulating bodies to take a large part in regulating and promoting
such review criteria to foster greater standardization of
evaluation criteria [40,56].

Regarding glossary function, which defines common digital
learning and digital health terminology, most participants rated
the function as very useful (72/164, 43.9%) or useful (73/164,
44.5%). As demonstrated by the previously reported lack of

confidence in digital health concepts, such a function could
serve as an essential foundational reference and also be flexibly
modified and adjusted as digitalization continues to advance
[28,33-37]. Glossaries are crucial for building a basic common,
agreed-upon understanding of specific concepts—which is
critical in the ever-evolving digital environment, where new
definitions and concepts are frequently emerging and must be
adaptively adjusted [57].

Consistent with previous studies, overall, medical students
showed more positive views toward an app community [28,58],
and in this study more so than their professional counterparts,
which, to the best of our knowledge, has not been previously
reported. Such web-based learning environments could provide
a space for problem solving and developing an interprofessional,
collaborative community of team-based practice early in
students’ academic and clinical careers [59]. For clinical
educators, it has been suggested that digital communities in the
form of web-based communities of practice could also serve as
a valuable resource to exchange insights, build professional
relationships, foster innovation, and generate successful
scholarship of teaching and learning [59]. Moreover, such
communities could additionally help to increase user
engagement, thereby potentially helping to keep shared
information and digital tools up-to-date and serving as a
discussion platform for future app improvements. Nevertheless,
there are reservations about the benefit of such a function, given
that more than one-third of the study participants negatively
rated the usefulness of an app community. Although it could
be that participants simply prefer to engage in professional
exchange elsewhere (eg, social media and existing platforms
such as ResearchGate) [60,61], there is evidence that
professionals and students are strategic and selective in their
use of information-communication technology based on their
perception of the extent to which certain tools will meet their
operational needs, regardless of their level of digital skills
[62,63]. Therefore, investigating the reasons or motivations for
perceived utility in future studies would be insightful. In a
web-based environment where the establishment of collegiality
may be more difficult owing to limited direct social interaction,
research has also demonstrated that supportive organizational
culture, respect for cultural dimensions of exchange and
intellectual insights, presence of personal knowledge–based
trust, and availability of adequate exchange tools best foster
openness to collaborative knowledge sharing and generation
[62,64]. Moving forward, rigorous research into methods to
craft such intellectually safe and connected web-based spaces
most effectively will be critical.

Filter functions were also suggested to help facilitate the targeted
identification of relevant tools. As previously mentioned, it has
been suggested that the issue of information overload in our
digital age may mostly be related to the ability of individuals
to concretely use information at their disposal, which can be
enhanced through information filters [38,39]. Although
information filters based on content or topic (163/164, 99.4%),
purpose (157/164, 95.7%), language (157/164, 95.7%), and
target audience (140/164, 85.4%) were relatively common and
agreed upon to be useful or very useful by most participants,
filters for digital format type were considered to be minimally
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useful by 19.5% (32/164) or not useful by 4.3% (7/164) of the
participants. This could be explained by the fact that clinical
professionals and students may be more concerned with the
content and value of the information itself as opposed to the
format in which it is presented. Although incorporation of digital
format type as a filter could be useful for identifying information
that can be compatibly incorporated into academic or research
presentations or even patient’s devices, it appears that basic
knowledge of digital formats and digital literacy skills continues
to be questionable and limited among clinical professionals and
students, which again calls for the purposeful integration of
health care–relevant digital skills training in academic and
continuing education [33,65,66]. On the other hand, the source
of a digital resource (eg, created by an academic institution or
for commercial purposes), was considered to be very useful
(50/164, 30.5%) or useful (83/164, 50.6%) by most participants.
Given the currently low barrier for entering the app market, an
increasing number of medical or clinical apps or digital
resources are being developed by individuals or companies
outside the health care sector. Although some have engaged
expert opinion, others have not and often do not have the clinical
insights to ensure the scientific or clinical quality of the resource,
unlike academic institutions where quality evaluation of
evidence base may be easier to ensure; however, they may not
always be effective [67,68]. Here, it is also useful to mention
that under current entrepreneurial models, the creation of
minimum viable products including for medical apps or digital
tools are introduced to the market with the intention of gradual
improvement based on user feedback over time. This means
that immature or nonoptimized resources, whether for patient
or educational use, are being used when their quality or efficacy
has not yet been established [69]. This highlights a great
challenge of understanding how to shift strategies for
evidence-based practices in the context of rapid digital
progression—although a filter function based on source will
not help to tackle this complex question, it may serve as a first
step to encourage professionals and students to be more critical
of the resources they choose to use.

App Settings
App setting options were explored to determine personalization
functions that could help to enhance the usability of the proposed
app. Consistent with findings that suggest that students and
clinical professionals are open to and use social media for
academic and clinical purposes, most participants (144/164,
87.8%) positively rated the option to share tools via social media
[12,70,71]. Importantly, although it has been demonstrated that
the use of social media for the sharing of clinical information
can be helpful for quick and easy dissemination, it is notable
that social networks serve as information filters that may rather
highlight digital resources of personal popularity as opposed to
true clinical evidence base and quality [38]. Moreover, social
media as a digital means of clinical learning has demonstrated
questionable educational value and unclear evidence regarding
its effect on learning and performance outcomes [70,71].

Regarding personalization functions, an overwhelming majority
of the survey participants positively rated the option to organize
and save tools into folders. Such a function could serve as an
additional layer of information filtering and support the

encoding, organization, and synthesis of data as professionals
and students try to understand the digital resources and tools
that they find more relevant [54]. Therefore, it was encouraging
to see the suggestion by several individuals for the option for
linking similar content and for extraction to commonly used
programs such as Microsoft Office. The suggestion of
compatibility options across multiple devices further supported
clinicians’ and students’ desires for easy accessibility, which
could potentially increase the uptake of the proposed app. As
previously demonstrated, technical software issues including
those associated with nontransferability and noncompatibility
across different mobile devices were barriers to learning
efficacy; individuals were more likely to implement solutions
that increased accessibility [5]. The additional suggestion of
audiovisual aids (eg, text-to-speech and larger font options) for
users with specific needs perhaps reflects the field’s general
focus on disability supports, given the clinical populations that
are typically affected by communication disorders [72].

Regarding personalization of functions and features, the
suggestion of a username and password function—which would
likely be needed to save such settings—was met with significant
variance across professional groups and generations.
Specifically, SLPs indicated greater preference in comparison
with their speech-language pathology student counterparts, as
did Generation X in comparison with Generation Z. Regarding
generational differences, although it is particularly difficult to
delineate why professional group differences were found among
SLPs and speech-language pathology students, it has been
previously found that middle-aged individuals (aged 45-60
years, belonging to Generation X) had more negative views
regarding data disclosure than their younger counterparts (aged
19-24 years, belonging to Generation Z) and may thus
demonstrate greater preference toward password protections
[73].

Most participants (130/164, 79.3%) also positively rated
notifications for updates and new digital resources and the
setting for reporting technical issues. Importantly, notifications,
which were also requested by a survey participant in the form
of newsfeed feature, have been associated with both benefits
and drawbacks. Although notifications could help to keep users
up-to-date and readily informed, they can be disruptive or further
contribute to information overload [74]. Thus, it is important
to design setting functions that allow the user to manage or turn
off push notifications or to incorporate updates as a newsfeed
feature only. Furthermore, the incorporation of a function for
reporting technical difficulties has been identified as a critical
criterion for app development, maintenance, and improvement
[75].

Content Areas
It has been suggested that solutions for information overload
can involve, among technological solutions and improved digital
literacy, the creation or adaptation of specific content [38].
Subject-focused materials have been demonstrated to improve
timely access to relevant material, which in turn can benefit the
storage and retrieval of learned information [76]. Thus,
perceptions about specific content filters were also explored.
The foundational content areas of anatomy and physiology and
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pathology were rated by most participants to be useful,
regardless of their profession, generation, or years of experience.
However, physicians demonstrated significantly greater variance
in the perceived importance of diagnostics and therapy than
their speech-language pathology counterparts, who provided
overwhelmingly positive ratings for both topics. Although it is
more difficult to explain the significant differences observed in
terms of perceived importance of diagnostic content (clinical
responsibilities that fall within both physicians’ and SLPs’
responsibilities, although different in specific scope), differences
in the perceived importance of therapy content can potentially
be explained by the fact that SLPs take a large part in therapy
in their scope of practice [77]. Furthermore, although
professional issues and networking may more directly affect
working clinical professionals, this study found no significant
differences in the perceived importance of such topics among
participants across professional groups, generations, or years
of experience. This is promising as it suggests that students also
value the professional skills and networks that will be crucial
to their future work. However, importantly, evidence suggests
that such perceived value may not necessarily translate to
effective practice without appropriate guidance or explicit
teaching [78].

App Concerns
It is well reported that there are clinical professional and student
concerns about the quality of digital resources for both patient
and academic purposes [40,79,80]. Thus, the concerns of the
survey participants were investigated to better understand how
to craft more effective future solutions. Although approximately
one-third of the participants (53/164, 32.3%) reported no
concerns with the suggested app at all, most participants
(111/164, 67.7%) highlighted concerns about technical
difficulties, data privacy and protection, and utility of the
suggested app and several self-reported concerns in the optional
free-response follow-up question. Technical difficulties can
potentially be addressed through the proposed introductory
tutorial, technical difficulty reporting function, or even the
participant-suggested FAQs section, which can be a basic
troubleshooting page. Data privacy concerns are well reported
among health-related apps and digital tools, especially
considering the vast amounts of sensitive health-related and
personal information that can be collected through such means
[81]. Although it was not the intention of the proposed
app—which serves as a reference tool as opposed to an app for
medical purposes or diagnostics—to collect any personal data
other than potential username and password information for
app personalization, this concern highlights the importance of
ensuring that all apps and digital resource strictly align with
current legal frameworks (eg, General Data Protection
Regulation) to protect sensitive personal or medical data [82,83].
In addition, it is useful to mention that the concern of reduced
exchange and interaction could be addressed through the
incorporation of the suggested app community function;
however, this would inevitably increase the amount of personal
data that would need to be saved or anonymous aliases could
be used. Nevertheless, it is worth re-emphasizing that the
primary purpose of the proposed app was first and foremost to

serve as a collaborative digital library of digital resources for
CSD.

Another concern that necessitates further discussion is the need
for consistent updates and app maintenance. Lack of app
maintenance is reportedly a major reason for the failure of many
apps [84]. Thus, to help facilitate the viability of the proposed
digital library and reference app, it could be useful to include
the option to suggest tools as a part of a collaborative effort to
keep the included digital resources and tools up-to-date. It has
also been previously suggested that a curated app repository
that includes apps meeting minimum standards could be
managed through risk-based app triage, which could be partially
automated based on criteria such as the previously mentioned
quality checklists (eg, Mobile App Rating Scale and Interactive
Mobile App Review Toolkit). Thresholds can be set for
determining when apps pose low risk and can undergo a more
automated evaluation process, whereas other aspects could be
more thoroughly and manually evaluated [40]. Such a system
can potentially be applied to the proposed digital tool library
that includes resources beyond just mobile apps. Furthermore,
as mentioned by a survey participant, it is also important to
consider the long-term relevance of digital resources or when
a resource should be rendered obsolete. As mentioned
previously, in the current age of continuously incoming data,
the management of such information requires constant
strategizing. Resources can quickly become irrelevant and, for
reasons of limited data storage capacity, would have to be
removed. To address this challenge, digital resources and tools
can similarly undergo the previously mentioned triage process,
with a shifted focus toward the timeliness and relevance of the
digital resource.

Limitations
Although this study has demonstrated promising interest in the
proposed digital reference app for CSD professionals and
students, it must be considered with its limitations in mind.
First, this study investigated perceptions toward a proposed app
based on a narrative description. Although only 2.4% (4/164)
of the participants indicated difficulty in understanding the
intentions of the app as no prototype was offered as an objective
reference, their understanding of the proposed app could have
varied and informed their reported perceptions. The decision to
implement a questionnaire before the prototype was made in
light of previous literature citing lack of knowledge of users’
demands and expectations as a key reason for prototype failure
[84,85]. Thus, we deliberately chose to implement a co-design
approach in which stakeholder insights were incorporated from
the forefront to determine whether such a digital app would be
desirable and inquired into need areas and preferences that could
be used to ideally support more sustainable future development
[86,87]. Regarding external validity, it is important to emphasize
that the study was conducted in German-speaking countries
only, and thus, perceptions and attitudes may likely differ from
other cultural or geographical contexts. However, given the
global reach of digitalization and the rather comprehensive
nature of the proposed digital library reference app, the study
findings could help to highlight common or global trends and
useful resources across the field of CSD internationally. It is
also useful to mention that, as an open survey, a convenience
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sample was collected; thus, it is possible that individuals who
already held greater interest in digital topics were more likely
to participate in the survey. Notably, many of the survey
participants had ≤5 years of professional experience, which
could have certainly affected their perceptions and attitudes
toward such an app. In future studies, it would be useful to
investigate whether more experienced professionals would
demonstrate different preferences or insights into the utility of
such a digital resource. Similarly, given this convenience
sample, it was difficult to account for differences in group sizes;
however, statistical adjustments to data analyses were made as
appropriate. The great disparity between male and female
participants further highlights the larger trend of a rather
female-dominated field of speech-language pathology and the
increasing number of women entering the medical specialty of
otolaryngology [88,89]. In light of the exponential pace of digital
progress, this survey study reveals the current needs,
preferences, and perceptions regarding a proposed digital
reference tool, which will likely evolve to include other needed
supports as new digital resources, formats, and challenges arise.

Future Directions
As this study has only started to explore the potential utility of
a collaborative and interdisciplinary digital library reference
app, moving forward, it will be critical to further investigate,
design, and test desired settings and functions to determine
whether stakeholders’ perceptions align with the actual use and
implementation of such a tool. Even after prototype creation,
several rounds of stakeholder evaluation and testing would be
preferable to ensure that such an app is not released prematurely
without proper initial evidence. Nevertheless, ongoing
re-evaluation and improvement would be necessary given the
ever-changing digital health care environment [68,90]. As digital
learning and health apps continue to emerge, it will be critical
that resources are tailored to specific target audiences, these
stakeholders are engaged in digital resource creation and

evaluation processes, and ongoing technical assistance is
explicitly integrated into support tools [5]. As current knowledge
and awareness of the range of available digital resources in the
interdisciplinary field of CSD is limited, approaching the
challenge with a digital library or repository can help to increase
awareness, access, management, sharing, and, ideally, future
quality assessment of available and emerging digital resources
[90]. Such a learning reference tool could additionally serve as
an important prerequisite for investigation into digital tools for
clinical use. In the future, investigating the utility of such an
app for those working in other related interdisciplinary fields,
such as occupational therapists or nurses working in CSD, could
also be useful.

Our study has demonstrated that clinical professionals and
students in CSD are open to trialing a repository-like,
collaborative, interdisciplinary digital library reference app and
prefer features and functions that optimize usability, allow
personalization, and increase exchanges regarding the quality
assessment and evidence base for digital resources and tools.
These stakeholders prefer a wide range of content topics and
have reasonable concerns about the technical or data privacy
challenges associated with app use; however, they are ready to
explore new solutions for more efficient and effective
knowledge and information management. The digital age is
presenting opportunities and challenges for clinical teaching,
learning, and practice that “...result in a richer range of resources
to support practice and learning, but also creates conflicting
evidence, insecurity about the knowledge and greater demands
on the professional to identify the appropriate knowledge for
their problem in question” [91]. As the digital health care
landscape continues to advance at an unpredictable pace,
information overload will be inevitable and will require
traditional means of collecting, managing, and evaluating
clinical information to adaptively evolve through ongoing cycles
of evaluation to focus on and improve clinical decision-making,
research, and clinical practice.

 

Acknowledgments
The authors would like to thank the Alexander von Humboldt Foundation for supporting the international and interdisciplinary
exchange that made this collaboration possible. The first author, YL, is a former Chancellor Fellow of the Alexander von Humboldt
Foundation who worked closely with both coauthors (CNR and ML) and was hosted by the third author CNR.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Survey screens (in German).
[PDF File (Adobe PDF File), 1004 KB - mededu_v8i2e34042_app1.pdf ]

References
1. Ellaway R, Masters K. AMEE Guide 32: e-Learning in medical education Part 1: learning, teaching and assessment. Med

Teach 2008 Jun;30(5):455-473. [doi: 10.1080/01421590802108331] [Medline: 18576185]
2. Davies BS, Rafique J, Vincent TR, Fairclough J, Packer MH, Vincent R, et al. Mobile Medical Education (MoMEd) - how

mobile information resources contribute to learning for undergraduate clinical students - a mixed methods study. BMC
Med Educ 2012 Jan 12;12:1 [FREE Full text] [doi: 10.1186/1472-6920-12-1] [Medline: 22240206]

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34042 | p.186https://mededu.jmir.org/2022/2/e34042
(page number not for citation purposes)

Lin et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

mededu_v8i2e34042_app1.pdf
mededu_v8i2e34042_app1.pdf
http://dx.doi.org/10.1080/01421590802108331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18576185&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/1472-6920-12-1
http://dx.doi.org/10.1186/1472-6920-12-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22240206&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Wallace S, Clark M, White J. 'It's on my iPhone': attitudes to the use of mobile computing devices in medical education, a
mixed-methods study. BMJ Open 2012 Aug 24;2(4):e001099 [FREE Full text] [doi: 10.1136/bmjopen-2012-001099]
[Medline: 22923627]

4. Ozdalga E, Ozdalga A, Ahuja N. The smartphone in medicine: a review of current and potential use among physicians and
students. J Med Internet Res 2012 Sep 27;14(5):e128 [FREE Full text] [doi: 10.2196/jmir.1994] [Medline: 23017375]

5. Green BL, Kennedy I, Hassanzadeh H, Sharma S, Frith G, Darling JC. A semi-quantitative and thematic analysis of medical
student attitudes towards M-Learning. J Eval Clin Pract 2015 Oct;21(5):925-930. [doi: 10.1111/jep.12400] [Medline:
26153482]

6. Nguyen L, Barton SM, Nguyen LT. iPads in higher education-hype and hope. Br J Educ Technol 2014 Jan 27;46(1):190-203
[FREE Full text] [doi: 10.1111/bjet.12137]

7. Goh P, Sandars J. A vision of the use of technology in medical education after the COVID-19 pandemic. MedEdPublish
2020 Mar 26;9(1):49. [doi: 10.15694/mep.2020.000049.1]

8. Iwai Y. Online learning during the COVID-19 pandemic. Scientific American Blog Network. 2020 Mar 13. URL: https:/
/blogs.scientificamerican.com/observations/online-learning-during-the-covid-19-pandemic/ [accessed 2021-05-20]

9. Ahmed H, Allaf M, Elghazaly H. COVID-19 and medical education. Lancet Infect Dis 2020 Jul;20(7):777-778 [FREE Full
text] [doi: 10.1016/S1473-3099(20)30226-7] [Medline: 32213335]

10. mHealth: new horizons for health through mobile technologies. World Health Organization. 2011. URL: http://apps.who.int/
iris/bitstream/handle/10665/44607/9789241564250_eng.pdf?sequence=1&isAllowed=y [accessed 2021-05-31]

11. Dunleavy G, Nikolaou CK, Nifakos S, Atun R, Law GC, Tudor Car L. Mobile digital education for health professions:
systematic review and meta-analysis by the digital health education collaboration. J Med Internet Res 2019 Feb
12;21(2):e12937 [FREE Full text] [doi: 10.2196/12937] [Medline: 30747711]

12. Bahner DP, Adkins E, Patel N, Donley C, Nagel R, Kman NE. How we use social media to supplement a novel curriculum
in medical education. Med Teach 2012;34(6):439-444. [doi: 10.3109/0142159X.2012.668245] [Medline: 22449268]

13. Chase TJ, Julius A, Chandan JS, Powell E, Hall CS, Phillips BL, et al. Mobile learning in medicine: an evaluation of
attitudes and behaviours of medical students. BMC Med Educ 2018 Jun 27;18(1):152 [FREE Full text] [doi:
10.1186/s12909-018-1264-5] [Medline: 29945579]

14. Nerminathan A, Harrison A, Phelps M, Alexander S, Scott KM. Doctors' use of mobile devices in the clinical setting: a
mixed methods study. Intern Med J 2017 Mar;47(3):291-298. [doi: 10.1111/imj.13349] [Medline: 27925381]

15. Chang CY, Hwang GJ. Trends of mobile technology-enhanced medical education: a review of journal publications from
1998 to 2016. Int J Mob Learn Organ 2018;12(4):373-393. [doi: 10.1504/ijmlo.2018.095153]

16. Thompson K, Zimmerman E. Pediatric speech-language pathologists' use of mobile health technology: qualitative
questionnaire study. JMIR Rehabil Assist Technol 2019 Sep 26;6(2):e13966 [FREE Full text] [doi: 10.2196/13966] [Medline:
31573922]

17. Disability and health. World Health Organization. 2020 Dec 1. URL: https://www.who.int/news-room/fact-sheets/detail/
disability-and-health [accessed 2021-04-22]

18. Ahmadvand A, Gatchel R, Brownstein J, Nissen L. The biopsychosocial-digital approach to health and disease: call for a
paradigm expansion. J Med Internet Res 2018 May 18;20(5):e189 [FREE Full text] [doi: 10.2196/jmir.9732] [Medline:
29776900]

19. Nelson R, Staggers N. Health informatics: an interprofessional approach. St Louis, MO, USA: Elsevier; Dec 8, 2016.
20. Kurpinski K, Johnson T, Kumar S, Desai T, Li S. Mastering translational medicine: interdisciplinary education for a new

generation. Sci Transl Med 2014 Jan 08;6(218):218fs2. [doi: 10.1126/scitranslmed.3006858] [Medline: 24401938]
21. Hollweg W, Beck EM, Schulenburg K, Trock S, Räbiger J, Kraus E, et al. Interprofessional health care - field of study with

future and challenges / Interprofessionelle Versorgung – Ein Studiengebiet mit Zukunft und Herausforderungen. Int J Health
Prof 2016 May 12;3(1):37-46. [doi: 10.1515/ijhp-2016-0009]

22. Theodoros D. A new era in speech-language pathology practice: innovation and diversification. Int J Speech Lang Pathol
2012 Jun;14(3):189-199. [doi: 10.3109/17549507.2011.639390] [Medline: 22563895]

23. Andrews T, Davidson B, Hill A, Sloane D, Woodhouse L. Using students’ own mobile technologies to support clinical
competency development in speech pathology. In: Kitchenham A, editor. Models for Interdisciplinary Mobile Learning:
Delivering Information to Students. Hershey, PA, USA: IGI Global; 2011:247-264.

24. Edwards J, Dukhovny E. Technology training in speech-language pathology: a focus on tablets and apps. Perspect ASHA
Spec Interest Groups 2017 Jan;2(10):33-48. [doi: 10.1044/persp2.sig10.33]

25. Leinweber J, Dockweiler C. Perspektiven der Digitalisierung in der Logopädie/Sprachtherapie. forum:logopädie. 2020
May. URL: https://www.dbl-ev.de/fileadmin/Inhalte/Bilder/Service/Forum_Logopaedie/fl_2020_03.pdf [accessed 2022-04-09]

26. Kuperstock JE, Horný M, Platt MP. Mobile app technology is associated with improved otolaryngology resident in-service
performance. Laryngoscope 2019 Jan;129(1):E15-E20. [doi: 10.1002/lary.27299] [Medline: 30151970]

27. Hsueh WD, Bent JP, Moskowitz HS. An app to enhance resident education in otolaryngology. Laryngoscope 2018
Jun;128(6):1340-1345. [doi: 10.1002/lary.27040] [Medline: 29214641]

28. Tarpada SP, Hsueh WD, Gibber MJ. Resident and student education in otolaryngology: a 10-year update on e-learning.
Laryngoscope 2017 Jul;127(7):E219-E224. [doi: 10.1002/lary.26320] [Medline: 27782300]

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34042 | p.187https://mededu.jmir.org/2022/2/e34042
(page number not for citation purposes)

Lin et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=22923627
http://dx.doi.org/10.1136/bmjopen-2012-001099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22923627&dopt=Abstract
https://www.jmir.org/2012/5/e128/
http://dx.doi.org/10.2196/jmir.1994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23017375&dopt=Abstract
http://dx.doi.org/10.1111/jep.12400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26153482&dopt=Abstract
https://doi.org/10.1111/bjet.12137
http://dx.doi.org/10.1111/bjet.12137
http://dx.doi.org/10.15694/mep.2020.000049.1
https://blogs.scientificamerican.com/observations/online-learning-during-the-covid-19-pandemic/
https://blogs.scientificamerican.com/observations/online-learning-during-the-covid-19-pandemic/
http://europepmc.org/abstract/MED/32213335
http://europepmc.org/abstract/MED/32213335
http://dx.doi.org/10.1016/S1473-3099(20)30226-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32213335&dopt=Abstract
http://apps.who.int/iris/bitstream/handle/10665/44607/9789241564250_eng.pdf?sequence=1&isAllowed=y
http://apps.who.int/iris/bitstream/handle/10665/44607/9789241564250_eng.pdf?sequence=1&isAllowed=y
https://www.jmir.org/2019/2/e12937/
http://dx.doi.org/10.2196/12937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30747711&dopt=Abstract
http://dx.doi.org/10.3109/0142159X.2012.668245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22449268&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-018-1264-5
http://dx.doi.org/10.1186/s12909-018-1264-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29945579&dopt=Abstract
http://dx.doi.org/10.1111/imj.13349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27925381&dopt=Abstract
http://dx.doi.org/10.1504/ijmlo.2018.095153
https://rehab.jmir.org/2019/2/e13966/
http://dx.doi.org/10.2196/13966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573922&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/disability-and-health
https://www.who.int/news-room/fact-sheets/detail/disability-and-health
https://www.jmir.org/2018/5/e189/
http://dx.doi.org/10.2196/jmir.9732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29776900&dopt=Abstract
http://dx.doi.org/10.1126/scitranslmed.3006858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24401938&dopt=Abstract
http://dx.doi.org/10.1515/ijhp-2016-0009
http://dx.doi.org/10.3109/17549507.2011.639390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22563895&dopt=Abstract
http://dx.doi.org/10.1044/persp2.sig10.33
https://www.dbl-ev.de/fileadmin/Inhalte/Bilder/Service/Forum_Logopaedie/fl_2020_03.pdf
http://dx.doi.org/10.1002/lary.27299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30151970&dopt=Abstract
http://dx.doi.org/10.1002/lary.27040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29214641&dopt=Abstract
http://dx.doi.org/10.1002/lary.26320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27782300&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Rak K, Völker J, Taeger J, Bahmer A, Hagen R, Albrecht UV. Medical apps in oto-rhino-laryngology. Laryngorhinootologie
2019 Mar;98(S 01):S253-S289 [FREE Full text] [doi: 10.1055/a-0740-4866] [Medline: 31096301]

30. Hodes RJ, Insel TR, Landis SC, NIH Blueprint for Neuroscience Research. The NIH toolbox: setting a standard for
biomedical research. Neurology 2013 Mar 12;80(11 Suppl 3):S1 [FREE Full text] [doi: 10.1212/WNL.0b013e3182872e90]
[Medline: 23479536]

31. Ader DN. Developing the patient-reported outcomes measurement information system (PROMIS). Med Care 2007
May;45(5):S1-S2 [FREE Full text] [doi: 10.1097/01.mlr.0000260537.45076.74]

32. Torous J, Vaidyam A. Multiple uses of app instead of using multiple apps - a case for rethinking the digital health technology
toolbox. Epidemiol Psychiatr Sci 2020 Jan 31;29:e100 [FREE Full text] [doi: 10.1017/S2045796020000013] [Medline:
32000876]

33. Lam MK, Hines M, Lowe R, Nagarajan S, Keep M, Penman M, et al. Preparedness for eHealth: health sciences students'
knowledge, skills, and confidence. J Inf Technol 2016 Jan 1;15(2016):305-334 [FREE Full text]

34. Machleid F, Kaczmarczyk R, Johann D, Balčiūnas J, Atienza-Carbonell B, von Maltzahn F, et al. Perceptions of digital
health education among European medical students: mixed methods survey. J Med Internet Res 2020 Aug 14;22(8):e19827
[FREE Full text] [doi: 10.2196/19827] [Medline: 32667899]

35. Recommendations by the next generation. European Health Parliament. 2020. URL: https://www.healthparliament.eu/
wp-content/uploads/2020/09/EHP_Recommendations_by_the_next_Generation.pdf [accessed 2021-05-31]

36. Gagnon MP, Ngangue P, Payne-Gagnon J, Desmartis M. m-Health adoption by healthcare professionals: a systematic
review. J Am Med Inform Assoc 2016 Jan;23(1):212-220 [FREE Full text] [doi: 10.1093/jamia/ocv052] [Medline: 26078410]

37. Alwani M, Bandali E, Larsen M, Shipchandler TZ, Ting J. Current state of surgical simulation training in otolaryngology:
systematic review of simulation training models. Arch Otolaryngol Head Neck Surg 2019;3(1):5. [doi:
10.24983/scitemed.aohns.2019.00109]

38. Klerings I, Weinhandl AS, Thaler KJ. Information overload in healthcare: too much of a good thing? Z Evid Fortbild Qual
Gesundhwes 2015;109(4-5):285-290. [doi: 10.1016/j.zefq.2015.06.005] [Medline: 26354128]

39. Shirky C. It’s not information overload. It’s filter failure. MAS Context. 2008. URL: https://www.mascontext.com/issues/
7-information-fall-10/its-not-information-overload-its-filter-failure/ [accessed 2021-05-31]

40. Wyatt JC. How can clinicians, specialty societies and others evaluate and improve the quality of apps for patient use? BMC
Med 2018 Dec 03;16(1):225 [FREE Full text] [doi: 10.1186/s12916-018-1211-7] [Medline: 30501638]

41. Boruff JT, Storie D. Mobile devices in medicine: a survey of how medical students, residents, and faculty use smartphones
and other mobile devices to find information. J Med Libr Assoc 2014 Jan;102(1):22-30 [FREE Full text] [doi:
10.3163/1536-5050.102.1.006] [Medline: 24415916]

42. Eysenbach G. Improving the quality of Web surveys: the checklist for reporting results of internet E-surveys (CHERRIES).
J Med Internet Res 2004 Sep 29;6(3):e34 [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

43. Lin Y, Lemos M, Neuschaefer-Rube C. Digital health and digital learning experiences across speech-language pathology,
phoniatrics, and otolaryngology: interdisciplinary survey study. JMIR Med Educ 2021 Nov 05;7(4):e30873 [FREE Full
text] [doi: 10.2196/30873] [Medline: 34738911]

44. Schmitz C. What you need to know about data security in LimeSurvey. LimeSurvey. 2020 Sep 25. URL: https://www.
limesurvey.org/blog/20-blog/114-what-you-need-to-know-about-data-security-in-limesurvey [accessed 2021-04-09]

45. Dimock M. Defining generations: where Millennials end and Generation Z begins. Pew Research Center. 2019 Jan 17.
URL: https://www.pewresearch.org/fact-tank/2019/01/17/where-millennials-end-and-generation-z-begins/ [accessed
2022-04-09]

46. Clarke MA, Belden JL, Koopman RJ, Steege LM, Moore JL, Canfield SM, et al. Information needs and information-seeking
behaviour analysis of primary care physicians and nurses: a literature review. Health Info Libr J 2013 Sep;30(3):178-190
[FREE Full text] [doi: 10.1111/hir.12036] [Medline: 23981019]

47. Fox S. After Dr Google: peer-to-peer health care. Pediatrics 2013 Jun;131 Suppl 4:S224-S225. [doi:
10.1542/peds.2012-3786K] [Medline: 23729765]

48. Duran-Nelson A, Gladding S, Beattie J, Nixon LJ. Should we Google it? Resource use by internal medicine residents for
point-of-care clinical decision making. Acad Med 2013 Jun;88(6):788-794. [doi: 10.1097/ACM.0b013e31828ffdb7]
[Medline: 23619072]

49. Spector JM, Anderson TM. Integrated and holistic perspectives on learning, instruction and technology: understanding
complexity. Dordrecht, The Netherlands: Kluwer Academic Publishers; 2000.

50. Fuller R, Joynes V. Should mobile learning be compulsory for preparing students for learning in the workplace? Br J Educ
Technol 2014 Jan 27;46(1):153-158. [doi: 10.1111/bjet.12134]

51. Huckvale K, Prieto JT, Tilney M, Benghozi PJ, Car J. Unaddressed privacy risks in accredited health and wellness apps:
a cross-sectional systematic assessment. BMC Med 2015 Sep 07;13:214 [FREE Full text] [doi: 10.1186/s12916-015-0444-y]
[Medline: 26404673]

52. Xie B, Shabir I, Abelson H. Measuring the usability and capability of app inventor to create mobile applications. In:
Proceedings of the 3rd International Workshop on Programming for Mobile and Touch. 2015 Oct Presented at: PROMOTO
'15; October 27, 2015; Pittsburgh, PA, USA p. 1-8. [doi: 10.1145/2824823.2824824]

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34042 | p.188https://mededu.jmir.org/2022/2/e34042
(page number not for citation purposes)

Lin et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.thieme-connect.com/DOI/DOI?10.1055/a-0740-4866
http://dx.doi.org/10.1055/a-0740-4866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31096301&dopt=Abstract
http://europepmc.org/abstract/MED/23479536
http://dx.doi.org/10.1212/WNL.0b013e3182872e90
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23479536&dopt=Abstract
https://doi.org/10.1097/01.mlr.0000260537.45076.74
http://dx.doi.org/10.1097/01.mlr.0000260537.45076.74
http://europepmc.org/abstract/MED/32000876
http://dx.doi.org/10.1017/S2045796020000013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32000876&dopt=Abstract
https://opus.lib.uts.edu.au/handle/10453/116508
https://www.jmir.org/2020/8/e19827/
http://dx.doi.org/10.2196/19827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32667899&dopt=Abstract
https://www.healthparliament.eu/wp-content/uploads/2020/09/EHP_Recommendations_by_the_next_Generation.pdf
https://www.healthparliament.eu/wp-content/uploads/2020/09/EHP_Recommendations_by_the_next_Generation.pdf
http://europepmc.org/abstract/MED/26078410
http://dx.doi.org/10.1093/jamia/ocv052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26078410&dopt=Abstract
http://dx.doi.org/10.24983/scitemed.aohns.2019.00109
http://dx.doi.org/10.1016/j.zefq.2015.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26354128&dopt=Abstract
https://www.mascontext.com/issues/7-information-fall-10/its-not-information-overload-its-filter-failure/
https://www.mascontext.com/issues/7-information-fall-10/its-not-information-overload-its-filter-failure/
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1211-7
http://dx.doi.org/10.1186/s12916-018-1211-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30501638&dopt=Abstract
http://europepmc.org/abstract/MED/24415916
http://dx.doi.org/10.3163/1536-5050.102.1.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24415916&dopt=Abstract
https://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
https://mededu.jmir.org/2021/4/e30873/
https://mededu.jmir.org/2021/4/e30873/
http://dx.doi.org/10.2196/30873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34738911&dopt=Abstract
https://www.limesurvey.org/blog/20-blog/114-what-you-need-to-know-about-data-security-in-limesurvey
https://www.limesurvey.org/blog/20-blog/114-what-you-need-to-know-about-data-security-in-limesurvey
https://www.pewresearch.org/fact-tank/2019/01/17/where-millennials-end-and-generation-z-begins/
https://doi.org/10.1111/hir.12036
http://dx.doi.org/10.1111/hir.12036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23981019&dopt=Abstract
http://dx.doi.org/10.1542/peds.2012-3786K
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23729765&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0b013e31828ffdb7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23619072&dopt=Abstract
http://dx.doi.org/10.1111/bjet.12134
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0444-y
http://dx.doi.org/10.1186/s12916-015-0444-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26404673&dopt=Abstract
http://dx.doi.org/10.1145/2824823.2824824
http://www.w3.org/Style/XSL
http://www.renderx.com/


53. Hefter MH, Berthold K. Preparing learners to self-explain video examples: text or video introduction? Comput Human
Behav 2020 Sep;110:106404. [doi: 10.1016/j.chb.2020.106404]

54. Clark RC, Mayer RE. e-Learning and the science of instruction: proven guidelines for consumers and designers of multimedia
learning. 4th edition. Hoboken, NJ, USA: John Wiley & Sons; 2016.

55. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mobile app rating scale: a new tool for
assessing the quality of health mobile apps. JMIR Mhealth Uhealth 2015 Mar 11;3(1):e27 [FREE Full text] [doi:
10.2196/mhealth.3422] [Medline: 25760773]

56. Maheu MM, Nicolucci V, Pulier ML, Wall KM, Frye TJ, Hudlicka E. The interactive mobile app review toolkit (IMART):
a clinical practice-oriented system. J Technol Behav Sci 2016 Dec 15;1(1-4):3-15. [doi: 10.1007/s41347-016-0005-z]

57. Holland PG. The importance of glossaries. Flow Meas Instrum 2002 Dec;13(5-6):299-301. [doi:
10.1016/s0955-5986(02)00058-4]

58. Mehta NB, Hull AL, Young JB, Stoller JK. Just imagine: new paradigms for medical education. Acad Med 2013
Oct;88(10):1418-1423. [doi: 10.1097/ACM.0b013e3182a36a07] [Medline: 23969368]

59. Yarris LM, Chan TM, Gottlieb M, Juve AM. Finding your people in the digital age: virtual communities of practice to
promote education scholarship. J Grad Med Educ 2019 Feb;11(1):1-5 [FREE Full text] [doi: 10.4300/JGME-D-18-01093.1]
[Medline: 30805087]

60. Curran V, Matthews L, Fleet L, Simmons K, Gustafson DL, Wetsch L. A review of digital, social, and mobile technologies
in health professional education. J Contin Educ Health Prof 2017;37(3):195-206. [doi: 10.1097/CEH.0000000000000168]
[Medline: 28834849]

61. Manca S. ResearchGate and Academia.edu as networked socio-technical systems for scholarly communication: a literature
review. Res Learn Technol 2018 Feb 20;26:1-16 [FREE Full text] [doi: 10.25304/rlt.v26.2008]

62. Gannon-Leary P, Fontainha E. Communities of practice and virtual learning communities: benefits, barriers and success
factors. eLearning Papers 2007 Sep:5 [FREE Full text]

63. Smith PJ, Barty K, Stacey EA. Limitations of an established community of practice in developing online innovation.
CiteSeerx. 2005. URL: http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.84.4912 [accessed 2022-04-09]

64. Ardichvili A. Learning and knowledge sharing in virtual communities of practice: motivators, barriers, and enablers. Adv
Dev Hum Resour 2008 Jun 05;10(4):541-554. [doi: 10.1177/1523422308319536]

65. Dattakumar A, Gray K, Henderson KB, Maeder A, Chenery H. We are not educating the future clinical health professional
workforce adequately for e-health competence: findings of an Australian study. Stud Health Technol Inform 2012;178:33-38.
[Medline: 22797016]

66. Konttila J, Siira H, Kyngäs H, Lahtinen M, Elo S, Kääriäinen M, et al. Healthcare professionals' competence in digitalisation:
a systematic review. J Clin Nurs 2019 Mar;28(5-6):745-761. [doi: 10.1111/jocn.14710] [Medline: 30376199]

67. Grundy QH, Wang Z, Bero LA. Challenges in assessing mobile health app quality: a systematic review of prevalent and
innovative methods. Am J Prev Med 2016 Dec;51(6):1051-1059. [doi: 10.1016/j.amepre.2016.07.009] [Medline: 27659122]

68. Price L, Kirkwood A. Using technology for teaching and learning in higher education: a critical review of the role of
evidence in informing practice. High Educ Res Dev 2013 Nov 09;33(3):549-564. [doi: 10.1080/07294360.2013.841643]

69. What is a minimum viable product (MVP)? Entrepreneur Handbook. 2015 Aug 15. URL: https://entrepreneurhandbook.
co.uk/minimum-viable-product/ [accessed 2021-06-05]

70. Sterling M, Leung P, Wright D, Bishop TF. The use of social media in graduate medical education: a systematic review.
Acad Med 2017 Jul;92(7):1043-1056 [FREE Full text] [doi: 10.1097/ACM.0000000000001617] [Medline: 28225466]

71. Sutherland S, Jalali A. Social media as an open-learning resource in medical education: current perspectives. Adv Med
Educ Pract 2017;8:369-375 [FREE Full text] [doi: 10.2147/AMEP.S112594] [Medline: 28652840]

72. Gillam RB, Marquardt TP. Communication sciences and disorders: from science to clinical practice. 4th edition. Burlington,
MA, USA: Jones & Bartlett Learning; 2019.

73. Miltgen CL, Peyrat-Guillard D. Cultural and generational influences on privacy concerns: a qualitative study in seven
European countries. Eur J Inf Syst 2014;23(2):103-125. [doi: 10.1057/ejis.2013.17]

74. Westermann T, Möller S, Wechsung I. Assessing the relationship between technical affinity, stress and notifications on
smartphones. In: Proceedings of the 17th International Conference on Human-Computer Interaction with Mobile Devices
and Services Adjunct. 2015 Aug Presented at: MobileHCI '15; August 24-27, 2015; Copenhagen, Denmark p. 652-659
URL: https://doi.org/10.1145/2786567.2793684 [doi: 10.1145/2786567.2793684]

75. Llorens-Vernet P, Miró J. Standards for mobile health-related apps: systematic review and development of a guide. JMIR
Mhealth Uhealth 2020 Mar 03;8(3):e13057 [FREE Full text] [doi: 10.2196/13057] [Medline: 32130169]

76. Swanwick T. Understanding medical education. In: Swanwick T, editor. Understanding medical education: evidence, theory
and practice. 2nd ed. Hoboken, NJ, USA: John Wiley & Sons; 2013:1-6.

77. Scope of practice in speech-language pathology. American Speech-Language-Hearing Association (ASHA). 2016 May 9.
URL: https://tinyurl.com/m93sbdsa [accessed 2021-06-05]

78. Cruess RL, Cruess SR, Steinert Y. Teaching medical professionalism: supporting the development of a professional identity.
Cambridge, UK: Cambridge University Press; 2016.

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34042 | p.189https://mededu.jmir.org/2022/2/e34042
(page number not for citation purposes)

Lin et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.chb.2020.106404
https://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
http://dx.doi.org/10.1007/s41347-016-0005-z
http://dx.doi.org/10.1016/s0955-5986(02)00058-4
http://dx.doi.org/10.1097/ACM.0b013e3182a36a07
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23969368&dopt=Abstract
http://europepmc.org/abstract/MED/30805087
http://dx.doi.org/10.4300/JGME-D-18-01093.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30805087&dopt=Abstract
http://dx.doi.org/10.1097/CEH.0000000000000168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28834849&dopt=Abstract
https://eric.ed.gov/?id=EJ1173547
http://dx.doi.org/10.25304/rlt.v26.2008
https://papers.ssrn.com/abstract=1018066
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.84.4912
http://dx.doi.org/10.1177/1523422308319536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22797016&dopt=Abstract
http://dx.doi.org/10.1111/jocn.14710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30376199&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.07.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27659122&dopt=Abstract
http://dx.doi.org/10.1080/07294360.2013.841643
https://entrepreneurhandbook.co.uk/minimum-viable-product/
https://entrepreneurhandbook.co.uk/minimum-viable-product/
http://europepmc.org/abstract/MED/28225466
http://dx.doi.org/10.1097/ACM.0000000000001617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28225466&dopt=Abstract
https://dx.doi.org/10.2147/AMEP.S112594
http://dx.doi.org/10.2147/AMEP.S112594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28652840&dopt=Abstract
http://dx.doi.org/10.1057/ejis.2013.17
https://doi.org/10.1145/2786567.2793684
http://dx.doi.org/10.1145/2786567.2793684
https://mhealth.jmir.org/2020/3/e13057/
http://dx.doi.org/10.2196/13057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130169&dopt=Abstract
https://www.asha.org/policy/SP2016-00343/?utm_source=ashautm_medium=enewsletterutm_campaign=accessslp030916
http://www.w3.org/Style/XSL
http://www.renderx.com/


79. Boulos MN, Brewer AC, Karimkhani C, Buller DB, Dellavalle RP. Mobile medical and health apps: state of the art, concerns,
regulatory control and certification. Online J Public Health Inform 2014 Feb 5;5(3):229 [FREE Full text] [doi:
10.5210/ojphi.v5i3.4814] [Medline: 24683442]

80. McMillan B, Hickey E, Mitchell C, Patel M. The need for quality assurance of health apps. BMJ 2015 Nov 04;351:h5915.
[doi: 10.1136/bmj.h5915] [Medline: 26536895]

81. Benjumea J, Ropero J, Rivera-Romero O, Dorronzoro-Zubiete E, Carrasco A. Privacy assessment in mobile health apps:
scoping review. JMIR Mhealth Uhealth 2020 Jul 02;8(7):e18868 [FREE Full text] [doi: 10.2196/18868] [Medline: 32459640]

82. Thorarensen B. The processing of health information- protecting the individual right to privacy through effective legal
remedies. Health Technol 2017 Mar 7;7(4):401-413. [doi: 10.1007/s12553-017-0184-4]

83. Sokolovska A, Kocarev L. Integrating technical and legal concepts of privacy. IEEE Access 2018 May 14;6:26543-26557.
[doi: 10.1109/access.2018.2836184]

84. N Inukollu V, Keshamon DD, Kang T, Inukollu M. Factors influencing quality of mobile apps: role of mobile app
development life cycle. Int J Softw Eng Appl 2014 Sep 30;5(5):15-34 [FREE Full text] [doi: 10.5121/ijsea.2014.5502]

85. Deininger M, Daly SR, Lee JC, Seifert CM, Sienko KH. Prototyping for context: exploring stakeholder feedback based on
prototype type, stakeholder group and question type. Res Eng Des 2019 Oct;30(4):453-471 [FREE Full text] [doi:
10.1007/s00163-019-00317-5] [Medline: 32863595]

86. Sandholzer M, Rurik I, Deutsch T, Frese T. Medical students' expectations towards an implementation of a family medicine
textbook as a comprehensive app in Germany. J Med Syst 2014 Oct;38(10):125 [FREE Full text] [doi:
10.1007/s10916-014-0125-y] [Medline: 25171920]

87. Kildea J, Battista J, Cabral B, Hendren L, Herrera D, Hijal T, et al. Design and development of a person-centered patient
portal using participatory stakeholder co-design. J Med Internet Res 2019 Feb 11;21(2):e11371 [FREE Full text] [doi:
10.2196/11371] [Medline: 30741643]

88. Logopädie/Sprachtherapie: Schluss mit der Benachteiligung der Frauenberufe!. Deutscher Bundesverband für Logopädie
(DBL). 2019 Mar 8. URL: https://tinyurl.com/43n3w4wr [accessed 2021-04-20]

89. Geschlecht. Kassenärztliche Bundesvereinigung (KBV). 2020. URL: https://gesundheitsdaten.kbv.de/cms/html/16396.php
[accessed 2021-04-20]

90. Sousa MJ, Rocha Á. Strategic knowledge management in the digital age: JBR special issue editorial. J Bus Res 2019
Jan;94:223-226. [doi: 10.1016/j.jbusres.2018.10.016]

91. Bullock A. Does technology help doctors to access, use and share knowledge? Med Educ 2014 Jan;48(1):28-33. [doi:
10.1111/medu.12378] [Medline: 24330114]

Abbreviations
CHERRIES: Checklist for Reporting Results of Internet E-Surveys
CSD: communication sciences and disorders
DLT: digital learning toolbox
FAQ: frequently asked question
PROMIS: Patient-Reported Outcomes Measurement Information System
SLP: speech-language pathologist

Edited by T Leung; submitted 04.10.21; peer-reviewed by MA Joaquin, Y Du, MDG Pimentel, J Ropero; comments to author 11.11.21;
revised version received 28.01.22; accepted 18.03.22; published 27.04.22.

Please cite as:
Lin Y, Lemos M, Neuschaefer-Rube C
Digital Health and Learning in Speech-Language Pathology, Phoniatrics, and Otolaryngology: Survey Study for Designing a Digital
Learning Toolbox App
JMIR Med Educ 2022;8(2):e34042
URL: https://mededu.jmir.org/2022/2/e34042 
doi:10.2196/34042
PMID:35475980

©Yuchen Lin, Martin Lemos, Christiane Neuschaefer-Rube. Originally published in JMIR Medical Education
(https://mededu.jmir.org), 27.04.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Medical Education, is properly cited. The complete bibliographic

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34042 | p.190https://mededu.jmir.org/2022/2/e34042
(page number not for citation purposes)

Lin et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://europepmc.org/abstract/MED/24683442
http://dx.doi.org/10.5210/ojphi.v5i3.4814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24683442&dopt=Abstract
http://dx.doi.org/10.1136/bmj.h5915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26536895&dopt=Abstract
https://mhealth.jmir.org/2020/7/e18868/
http://dx.doi.org/10.2196/18868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32459640&dopt=Abstract
http://dx.doi.org/10.1007/s12553-017-0184-4
http://dx.doi.org/10.1109/access.2018.2836184
http://arxiv.org/abs/1410.4537
http://dx.doi.org/10.5121/ijsea.2014.5502
http://europepmc.org/abstract/MED/32863595
http://dx.doi.org/10.1007/s00163-019-00317-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32863595&dopt=Abstract
http://europepmc.org/abstract/MED/25171920
http://dx.doi.org/10.1007/s10916-014-0125-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25171920&dopt=Abstract
https://www.jmir.org/2019/2/e11371/
http://dx.doi.org/10.2196/11371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30741643&dopt=Abstract
https://www.dbs-ev.de/news-einzelansicht/?tx_ttnews%5Btt_news%5D=1478&cHash=f46993fc292f0826134c7d7bdad710ca
https://gesundheitsdaten.kbv.de/cms/html/16396.php
http://dx.doi.org/10.1016/j.jbusres.2018.10.016
http://dx.doi.org/10.1111/medu.12378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24330114&dopt=Abstract
https://mededu.jmir.org/2022/2/e34042
http://dx.doi.org/10.2196/34042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35475980&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


information, a link to the original publication on https://mededu.jmir.org/, as well as this copyright and license information must
be included.

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34042 | p.191https://mededu.jmir.org/2022/2/e34042
(page number not for citation purposes)

Lin et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Video-Based Communication Assessment of Physician Error
Disclosure Skills by Crowdsourced Laypeople and Patient
Advocates Who Experienced Medical Harm: Reliability
Assessment With Generalizability Theory

Andrew A White1, MD; Ann M King2, MA; Angelo E D’Addario2, MA; Karen Berg Brigham3, JD, MPH; Suzanne

Dintzis4, MD, PhD; Emily E Fay5, MD; Thomas H Gallagher1,6, MD; Kathleen M Mazor7, EdD
1Department of Medicine, University of Washington School of Medicine, Seattle, WA, United States
2National Board of Medical Examiners, Philadelphia, PA, United States
3Collaborative for Accountability and Improvement, University of Washington, Seattle, WA, United States
4Department of Pathology, University of Washington School of Medicine, Seattle, WA, United States
5Department of Obstetrics and Gynecology, University of Washington School of Medicine, Seattle, WA, United States
6Department of Bioethics and Humanities, University of Washington, Seattle, WA, United States
7Meyers Primary Care Institute, University of Massachusetts Medical School, Worcester, MA, United States

Corresponding Author:
Andrew A White, MD
Department of Medicine
University of Washington School of Medicine
Box 356429
1959 Pacific St
Seattle, WA, 98195
United States
Phone: 1 206 616 1447
Fax: 1 206 221 8732
Email: andwhite@uw.edu

Abstract

Background: Residents may benefit from simulated practice with personalized feedback to prepare for high-stakes disclosure
conversations with patients after harmful errors and to meet American Council on Graduate Medical Education mandates. Ideally,
feedback would come from patients who have experienced communication after medical harm, but medical researchers and
leaders have found it difficult to reach this community, which has made this approach impractical at scale. The Video-Based
Communication Assessment app is designed to engage crowdsourced laypeople to rate physician communication skills but has
not been evaluated for use with medical harm scenarios.

Objective: We aimed to compare the reliability of 2 assessment groups (crowdsourced laypeople and patient advocates) in
rating physician error disclosure communication skills using the Video-Based Communication Assessment app.

Methods: Internal medicine residents used the Video-Based Communication Assessment app; the case, which consisted of 3
sequential vignettes, depicted a delayed diagnosis of breast cancer. Panels of patient advocates who have experienced harmful
medical error, either personally or through a family member, and crowdsourced laypeople used a 5-point scale to rate the residents’
error disclosure communication skills (6 items) based on audiorecorded responses. Ratings were aggregated across items and
vignettes to create a numerical communication score for each physician. We used analysis of variance, to compare stringency,
and Pearson correlation between patient advocates and laypeople, to identify whether rank order would be preserved between
groups. We used generalizability theory to examine the difference in assessment reliability between patient advocates and
laypeople.

Results: Internal medicine residents (n=20) used the Video-Based Communication Assessment app. All patient advocates (n=8)
and 42 of 59 crowdsourced laypeople who had been recruited provided complete, high-quality ratings. Patient advocates rated
communication more stringently than crowdsourced laypeople (patient advocates: mean 3.19, SD 0.55; laypeople: mean 3.55,
SD 0.40; P<.001), but patient advocates’ and crowdsourced laypeople’s ratings of physicians were highly correlated (r=0.82,
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P<.001). Reliability for 8 raters and 6 vignettes was acceptable (patient advocates: G coefficient 0.82; crowdsourced laypeople:
G coefficient 0.65). Decision studies estimated that 12 crowdsourced layperson raters and 9 vignettes would yield an acceptable
G coefficient of 0.75.

Conclusions: Crowdsourced laypeople may represent a sustainable source of reliable assessments of physician error disclosure
skills. For a simulated case involving delayed diagnosis of breast cancer, laypeople correctly identified high and low performers.
However, at least 12 raters and 9 vignettes are required to ensure adequate reliability and future studies are warranted. Crowdsourced
laypeople rate less stringently than raters who have experienced harm. Future research should examine the value of the Video-Based
Communication Assessment app for formative assessment, summative assessment, and just-in-time coaching of error disclosure
communication skills.

(JMIR Med Educ 2022;8(2):e30988)   doi:10.2196/30988

KEYWORDS

medical error disclosure; simulation studies; communication assessment; graduate medical education; crowdsourcing;
patient-centered care; generalizability theory; medical education; medical error; communication

Introduction

Poor communication after a medical injury often leaves patients
and families feeling alone, afraid, confused, and more likely to
seek redress through malpractice claims [1,2]. One cause of this
communication gap cited by both practicing and resident
physicians is inadequate training on disclosing harmful medical
errors [3,4]. Recently, communication and resolution programs
have emerged as a framework to enable clinicians and health
care institutions to communicate openly with patients and
families, apologize, and offer compensation if an error
contributed to patient harm [5]. Communication and resolution
programs require clinicians, institutional leaders, and liability
insurers to collaborate to provide transparent communication
and emotional support for harmed patients. Communication and
resolution programs align with recent American Council on
Graduate Medical Education mandates that require all trainees
to participate in real or simulated disclosure of harm events [6].
However, organizations adopting communication and resolution
programs may struggle to prepare physicians for these difficult
conversations, in part because of challenges in assessing and
improving the specific communication skills required [7].

Traditional methods of assessing physician communication are
not suitable for this particular type of task. For example, patient
surveys can evaluate actual performance on routine
communication, but individual physicians disclose harmful
errors infrequently, and these high-stakes discussions are
difficult to observe or record. As an alternative to real-world
practice, educators often use standardized patients (individuals
trained to act as a real patient) and simulated encounters for
formative and summative assessments [8]. However,
standardized patient exams are logistically intensive, expensive
to implement at scale, and lack statistical reliability [9-12]. In
addition, it is unknown whether standardized patients or peer
physician raters adequately approximate the viewpoint of
patients who have experienced medical injury. In particular,
physicians’ viewpoints about ideal disclosure content and
performance differ from those of patients, which limits
physicians’ abilities to assess and coach other physicians’
performance [13,14]. Although feedback would ideally come
from harmed patients, researchers have found it difficult to reach
this community because providers are reluctant to release details

about harmed patients, and because patients hesitate to revisit
painful events [15]. To make progress, educators and
communication and resolution program leaders need a
cost-effective and standardized assessment tool that provides
actionable, on-demand, high-volume, and patient-centered
feedback about physician communication skills after harm.

The National Board of Medical Examiners recently developed
the Video-Based Communication Assessment app as an efficient
approach to producing timely, specific, and individual feedback
about verbal communication [16]. The Video-Based
Communication Assessment app displays brief videos of case
vignettes and asks users to audiorecord what they would say
next to the patient [17]. Recorded responses are rated by
web-based panels of analog patients. Analog patients are
untrained raters given the task of listening to and rating their
impressions of a medical interaction while assuming the patient
perspective [18]. Analog patients are typically laypeople
recruited via MTurk [19]; MTurk provides access to a very
large, diverse population for survey research, and there is
extensive proof that MTurk is an inexpensive, rapid, and
high-quality data source [20,21]. Users then receive feedback
reports with their individual ratings, comparative data on the
user’s cohort, learning points derived from analysis of
crowdsourced raters’ comments, and selected highly rated
responses from peers. The only study [22] of the Video-Based
Communication Assessment app published to date used a variety
of 16 typical primary care communication scenarios and found
that crowdsourced laypeople can provide high-quality,
actionable feedback regarding physician communication skills.
Key steps in evaluating the Video-Based Communication
Assessment app for error disclosure skill assessment are
understanding reliability, educational outcomes, and adoption
challenges.

Our aim was to evaluate the reliability of crowdsourced
laypeople as raters by comparing their ratings with those of
patient advocates who had experienced harm in the course of
in their own or a loved one’s medical care. We hypothesized
that crowdsourced layperson raters could provide reliable ratings
of this specific communication skill, given sufficient panel size.

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e30988 | p.193https://mededu.jmir.org/2022/2/e30988
(page number not for citation purposes)

White et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.2196/30988
http://www.w3.org/Style/XSL
http://www.renderx.com/


Methods

Overview
This descriptive study is part of a larger project to develop
instruments for assessing resident error disclosure skills. With
input from experienced attending physicians, we designed and
pilot-tested 4 cases specific to the practice of internal medicine.
Each case consisted of 3 or 4 vignettes depicting sequential
stages in a conversation (for example, initially sharing
information about a mistake, responding to a patient’s emotional
reaction). We recruited resident physicians at an academic center
to use the Video-Based Communication Assessment app.
Physicians’ disclosure skills were rated by crowdsourced
laypeople recruited on MTurk (Mechanical Turk; Amazon) and
by a panel of patient advocates.

Participants
We recruited resident physicians in postgraduate years 1 through
3 from the University of Washington academic medical center.
We invited all 183 internal medicine residents by email and
provided dedicated participation time at a program-wide
web-based educational conference (approximate attendance: 40
residents). Residents received a 10-minute orientation to the
Video-Based Communication Assessment app and were given

class time to participate. Participation was optional. Participants
were randomly assigned to 1 of 2 pairs of initial cases to
counteract order effects, using a crossover design (Figure 1).
After receiving a feedback report, residents were eligible to
complete the second 2 cases on their own. Participating residents
received a $50 gift card after completing all 4 cases during a
2-month period; however, only 1 case was used in this study.

We used the following inclusion criteria for laypeople: resident
of the United States, 18 years or older, and able to speak and
read English. Patient advocates were recruited through
advertisements with the Patient and Family Advocate Committee
of the Collaborative for Accountability and Improvement (a
network of health care leaders, attorneys, insurers, and patient
advocates who support the development and widespread
application of communication and resolution programs). Patient
advocates were recruited if they met the following criteria:
resident of the United States, 18 years or older, able to speak
and read English, not currently or previously employed in health
care, and having a personal history of having experienced
serious medical injury in their own care or that of a family
member. Patient advocates received a US $200 gift card for
participation. Crowdsourced raters received variable amounts
based on a rate of $0.20 per rating. A crowdsourced rater
performing the same total number of ratings as a patient
advocate would have received $12.

Figure 1. Crossover study design for 21 internal medicine residents using the Video-Based Communication Assessment app at study start (time 1) and
approximately 4 weeks later (time 2). The study case in the blue box (breast cancer misdiagnosis) was selected for further study.

Ethics
The University of Washington Institutional Review Board
determined that this study was exempt from review for resident,
layperson, and patient advocate participants based on its policies,
procedures, and guidance [23].

Video-Based Communication Assessment App
The concept and software of the Video-Based Communication
Assessment app have been previously described [16]. The app
was used to present vignettes, record user responses, and deliver
feedback reports (Figure 2). Instead of a single stand-alone

vignette, in this study, cases consisted of a linked series of 3 or
4 vignettes to simulate an unfolding conversation. Because a
live conversation might not progress in the same manner or
sequence, each vignette after the first was accompanied by text
declaring what the patient understood at that point.

We used a case that depicted harm resulting from a delayed
diagnosis of breast cancer, which is discovered by a primary
care doctor just before the patient returns for an office visit
(Table 1). This case was chosen because it has 3 segments,
rather than 4, which reduced the time and cognitive demands
imposed on the small group of patient advocates.
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Figure 2. Screenshot from the Video-Based Communication Assessment app displaying a case of delayed diagnosis of breast cancer and the user
controls for playing the vignette video and making an audio response to the patient.

Table 1. Text and scenario (spoken by actors in 3 linked vignettes) presented to users (physicians) and raters (laypeople and patient advocates).

What the patient saysSituation Description (to rater)Situation description (to physician)Vignette

“When I didn’t hear from your office about
the mammogram, I assumed everything was
normal. Was there any sign of this lump on
the test last year?”

Lorna Smith visits her primary care doctor
to evaluate a new breast lump. She figures
it isn't anything serious because she had a
mammogram last year and never heard
about any abnormal results. The doctor ex-
amined her and she changed back to regular
clothes. She wants to discuss the lump now
and says:

You are a primary care doctor for a 48-year-
old woman with diabetes. Today she mentions
a breast lump that is new to her. You review
her chart and see a mammogram report from
last year had a suspicious calcification with
recommendation for biopsy. At her last health
maintenance visit you did not document a plan
for the result and do not recall seeing it before
now. You examine her and the site of the lump
corresponds to the location on x-ray. She says:

1

“This is terrible! I’ve never been more
frightened…plus you’re telling me that we
might have known about it a long time
ago!”

Lorna has learned that her mammogram last
year showed early signs of possible breast
cancer, but nothing was done about it. She
is feeling panicked and says:

You've told the patient that there were early
warning signs of possible breast cancer on her
mammogram one year ago. She says:

2

“How could this happen to me? I feel like
I can’t trust anyone anymore. How am I
supposed to believe your advice in the fu-
ture?”

Lorna feels like the clinic and her doctor
have failed her. She asks:

You've acknowledged how upsetting the error
is. The patient now understands that there were
early warning signs of possible breast cancer
on her mammogram. She says:

3

Data Collection
Resident physicians participated in the video-based
communication assessment and provided audio responses to
each vignette. All audio responses to a single case were bundled
into rating tasks for the raters, comprising 4 physicians’
responses to a case. Raters first completed an audio check and
answered questions about demographic characteristics. Raters

were asked to read the description of the vignette, view the
patient video, listen to each vignette, and rate 6 items (Table
2). Due to the sequential design, we removed raters who did
not complete all ratings. We also removed raters who used 2 or
fewer response items on the 5-item survey because this may be
a sign of inattention and poor rater quality [24]. We defined
outliers as raters who reduced the interrater reliability of their
task by 0.1 or more.
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Table 2. Items to assess error disclosure communication skills.

Response optionsItem

Poor, fair, good, very, good, or excellentOverall this provider’s response was

Not at all, a little, somewhat, very much, or completelyI would feel this provider was accountable for their actions

Not at all, a little, somewhat, very much, or completelyI would feel this provider was being honest about what happened

Not at all, a little, somewhat, very much, or completelyI would feel this provider was sincerely sorry for what happened

Not at all, a little, somewhat, very much, or completelyI would feel the provider understood how I was feeling

Not at all, a little, somewhat, very much, or completelyI would feel this provider cared about me

Free textWhat would you want the provider to say if you were the patient in this situation?

Analysis
To create vignette-level scores, ratings were aggregated across
all items for each vignette. To compare stringency between
groups, we employed a 3×2 repeated measures factorial analysis
of variance for vignette (1, 2, 3) and rater (patient advocate,
crowdsourced layperson). To create overall assessment scores,
we aggregated all vignette-level scores for each user (these
continuous scores were derived from ordinal approximations
of continuous variables, ie, the mean of Likert-scale responses
[25,26]). To determine if an individual physician’s score would
be preserved between groups in relation to their peers, we
calculated the Pearson correlation.

Generalizability theory utilizes analysis of variance to parse
multiple sources of measurement error and estimate reliability
under specific conditions [27]. A generalizability analysis was
conducted using GENOVA (version 2.1; University of Iowa)
to compute variance components for a fully crossed design
utilizing a panel of patient advocates [28]. A separate
generalizability analysis was conducted using urGENOVA
(version 2.1; University of Iowa) to generate variance
components for an unbalanced design utilizing crowdsourced
layperson raters [29]. In order to determine the optimal design
to achieve sufficient reliability, the estimated variance
components were used to conduct multiple decision studies to
produce G coefficients corresponding to varying numbers of
vignettes and raters for each design.

Patient Advocate Design
To balance consistency and attention span, patient advocates
rated batches of 7 physician responses at a time. Batches were
block randomized and consisted of physicians’ audio responses
to all 3 vignettes. In G-theory, this is referred to as fully crossed
design—physician crossed with vignette crossed with rater (p
× v × λ).

Crowdsourced Layperson Design
Crowdsourced laypeople rated a subset of the physicians. Each
crowdsourced layperson rated a single batch of 4 physician
responses (all 3 vignettes). In G-theory, this is referred to as a
rater nested within physician crossed with vignette ((λ:p) × v)
design.

Results

Participant Demographics
Although 21 internal medicine physicians completed all 3
vignettes, one physician was omitted from analyses because of
incomplete ratings); therefore, 20 physicians (male: 6/20, 30%;
female: 14/20, 70%), with total of 60 audiorecordings, were
rated. The patient advocate panel (n=8; male: 2/8, 25%; female:
6/8,75%) had a median age of 57 years (IQR 53-74.3). Patient
advocates reported that it took an average of 116 minutes (SD
62) to rate all 20 cases. A total of 59 crowdsourced laypeople
were recruited, but 8 were removed because they did not rate
all 3 vignettes in the case, 8 were removed for utilizing 2 or
fewer response items, and 1 was deemed to be an outlier; thus,
42 crowdsourced layperson raters were included. Of the 42
crowdsourced raters, 16 (38%) were female; 20 individuals
(48%) were between 18 and 34 years old, and 22 (52%)
individuals were between 35 and 64 years old.

Comparing Crowdsourced Laypeople and Patient
Advocates:
There was a significant overall main effect for rater (F1,19=24.14,
P<.001, d=0.75)—patient advocates (mean 3.19, SD 0.55) rated
communication more stringently than crowdsourced laypeople
(mean 3.55, SD 0.40) (Multimedia Appendix 1 and Multimedia
Appendix 2). Patient advocate ratings were strongly correlated
with crowdsourced layperson ratings (r=0.82, P<.001) (Figure
3).
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Figure 3. Correlation between ratings of overall communication skill for resident physicians generated by panels of patient advocates and crowdsourced
laypeople.

Generalizability
Generalizability analysis yielded the variance attributable to
each component (Table 3). The G coefficients for 8 raters and
3 vignettes were 0.7 for patient advocates and 0.6 for
crowdsourced laypeople. Maintaining 8 raters and increasing
the task to 6 vignettes would increase the G coefficients (patient

advocates: 0.82; crowdsourced laypeople: 0.65). Increasing the
panels to 12 raters for 6 vignettes would increase the G
coefficients (patient advocates: 0.83; crowdsourced laypeople:
0.72). Using 12 raters and 9 vignettes would yield G coefficients
of 0.88 and 0.75 for patient advocates and crowdsourced
laypeople, respectively (Figure 4).

Table 3. Generalizability study variance components.

Variance percentageVariance componentSource of variance

Patient advocates (p × v × λ design)

17.9790.214Physician

26.1050.311Rater

1.4210.017Vignette

0.6900.008Physician × rater

17.5860.210Physician × vignette

0.9860.012Rater × vignette

35.2320.420Residual

Crowdsourced laypeople ((λ:p) × v design)

14.5640.121Physician

0.9060.007Vignette

44.4020.368Rater:physician

8.9520.074Physician × vignette

31.1770.258Residual
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Figure 4. Reliability (G coefficient) models for panels of patient advocates and crowdsourced laypeople, by panel size and number of vignettes rated
per user.

Discussion

Principal Findings
Patient advocates rated communication skills more stringently
than crowdsourced laypeople, but the correlation between patient
advocates’ ratings and crowdsourced laypeople’s ratings was
high. Patient advocates also had higher reliability, but decision
studies estimated that panels of crowdsourced laypeople could
achieve a G coefficient of 0.75 with 12 raters and 9 vignettes.

These findings demonstrate that crowdsourced laypeople can
reliably rate the error disclosure communication skills of
physicians using the Video-Based Communication Assessment
app. This is encouraging for communication and resolution
program leaders and graduate medical educators who require
an abundant and affordable pool of raters to support personalized
feedback processes in the next generation of physician
communication skill training programs. In principle, patient
advocates would offer the best possible feedback, but large-scale
training efforts would rapidly exhaust the willing and available
patient advocate population, given the amount of time that these
raters reported spending on this study. Instead, crowdsourced
laypeople represent a large and sustainable pool of on-demand
raters. Nonetheless, our finding that approximately one-third
of crowdsourced laypeople (17/59, 29%) must be removed from
analysis to optimize assessment reliability indicates that

continuous rater performance monitoring, requirements for
raters to complete all vignettes in a series, and a sufficient
number of raters would be required for widespread deployment
of the Video-Based Communication Assessment app in error
disclosure training.

Educators who use the Video-Based Communication
Assessment app should understand how crowdsourced raters
differ from patient advocates, who represent the gold standard
for informed assessment of physician error disclosure skills.
Compared with crowdsourced individuals, patient advocates
can achieve high reliability with smaller panel sizes and fewer
vignettes per physician. This suggests that patient advocates
have a common concept of the components of verbal
communication that affect the quality of error disclosure and
are highly attuned to differences among physicians. Of note,
patient advocates assigned lower ratings to resident error
disclosure communication than crowdsourced laypeople did.
Educators and coaches should recognize that overall scores from
crowdsourced laypeople are potentially more generous than
those of patients who have experienced harm from medical
errors and should note this in reviewing feedback with residents.

Comparison With Prior Work
The Video-Based Communication Assessment app had been
previously only used with groups of stand-alone vignettes [22],
but this is the first example of a case with sequential vignettes
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that simulate a longer conversation. The satisfactory reliability
should encourage educators to develop cases for other extended
exchanges, such as discussions about goals of care, shared
decision-making, or new diagnoses of serious illness. However,
our need to sacrifice a subset of ratings by crowdsourced
laypeople who had not completed all of the vignettes within a
case suggests that longer cases would benefit from a modified
approach, such as the use of attention checks or restrictions (eg,
a high past task acceptance ratio) [30,31]

Although physician educators have been used to evaluate trainee
disclosure skills in a prior study [7], our findings suggest that
using faculty as raters would be too costly for large training
programs. Based on the time estimates in this study, a residency
program with 60 residents, each completing 4 cases, would
require an educator to allocate approximately 23 hours to
listening and rating audio. Rather than finding 6 to 8 faculty to
do this task for a single training session, crowdsourcing
laypeople appears to be a more viable and rapid solution.

Future Directions
This study sets the stage for investigation of use of the
Video-Based Communication Assessment app for error
disclosure training, for example, for formative assessment (either
for self-directed improvement or in conjunction with coaching
from a teacher) or summative assessment and in the
identification of struggling learners. Although we did not define
a threshold for competency, low performers might warrant
additional support from residency leaders, including attention
on communication performance in other scenarios. Additional
areas to explore include whether the tool can be used in
undergraduate medical education, continuing medical education,
or in just-in-time scenarios (for physicians to practice and
receive feedback just before real-life error disclosure). Future
studies should investigate the role of different error types (eg,
diagnostic or therapeutic), harm severity, physician and patient
identity (eg, gender, race), tone, and accent on ratings. The
Video-Based Communication Assessment app could be used
to understand the efficacy of training interventions and to study
the natural history of communication skill development over
time. Finally, future studies should also investigate whether

error disclosure performance using the Video-Based
Communication Assessment app is associated with other safety
behaviors encouraged by communication and resolution
programs, such as event reporting, root cause analysis, or
physician participation in system redesign to prevent future
errors.

Strengths and Limitations
Our work has limitations. We did not assess whether
crowdsourced laypeople had personal experience with medical
harm and did not measure the amount of time crowdsourced
laypeople spent on this evaluation task. Additionally, we
recruited patient advocates through their involvement in a
national advocacy organization, and their rating behaviors may
not generalize to the broader community of patients who have
been harmed by care. The convenience sample of patient
advocates was not age- and gender-matched to the sample of
crowdsourced individuals, and age was not collected as a
continuous variable for crowdsourced individuals. The
Video-Based Communication Assessment app does not measure
nonverbal communication skills, which play an essential role
in communication about medical error [32,33]. Finally, this
study was conducted using a single case with a breast cancer
misdiagnosis and tested with medical residents and may,
therefore, not be generalizable to other uses—other unique
patient scenarios may require separate validation of
crowdsourced laypeople as analog patients. Future research
should aim to replicate findings with a more robust sample size.

Conclusion
Crowdsourced laypeople reliably rated error disclosure skills
using the Video-Based Communication Assessment app,
although reliably distinguishing high and low performers would
require larger panels (9-12 raters) and more vignettes per
examinee (9 or more). Fortunately, this is readily achievable in
error disclosure curricula. Future studies should focus on the
educational outcomes achieved by presenting analog patient
feedback to resident physicians about their error disclosure
communication skills, and the role of the Video-Based
Communication Assessment app in other learner groups or
just-in-time scenarios.
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Abstract

Background: Bedside teaching is integral to medical education and has been highlighted to improve clinical and communication
skills, as well as clinical reasoning. Despite the significant advantages of bedside teaching, its usage within medical education
has been declining, and COVID-19 has added additional challenges. The pandemic has resulted in a significant reduction in
opportunities to deliver bedside teaching due to risk of viral exposure, patients declining student interactions, and ward closures.
Educators have therefore been required to be innovative in their teaching methods, leading to the use of online learning, social
media platforms, and simulation. Simulation-based education allows for learning in a low-risk environment and affords the
opportunity for deliberated repeated practice with case standardization. The results demonstrate that simulation-based training
can increase students’ confidence, increase the rates of correct clinical diagnoses, and improve retention of skills and knowledge
when compared with traditional teaching methods.

Objective: To mitigate the impact of COVID-19 upon bedside teaching for third year students at Hull York Medical School
amid closure of the cardiorespiratory wards, a high-fidelity simulation-based model of traditional bedside teaching was designed
and implemented. The objectives of the teaching session were to enable students to perform history taking and a focused
cardiorespiratory clinical examination in a COVID-19–safe environment using SimMan 3G.

Methods: Four clinical teaching fellows with experience of simulation-based medical education scripted histories for 2 common
cardiorespiratory cases, which were asthma and aortic stenosis. The simulation sessions were designed for students to take a
focused cardiorespiratory history and clinical examination using SimMan 3G. All cases involved dynamic vital signs, and the
simulator allowed for auscultation of an ejection systolic murmur and wheezing in accordance with the cases chosen. Key aspects
of the pathologies, including epidemiology, differential diagnoses, investigations, and management, were summarized using an
interactive PowerPoint presentation, followed by a debriefing session.

Results: In total, 12 third year medical students undertook the sessions, and overall feedback was highly positive. Of the 10
students who completed the feedback questionnaires, 90% (n=9) felt more confident in their clinical examination skills following
the teaching; 100% (n=10) of the students responded that they would recommend the session to a colleague; and implementation
of regular simulation was frequently requested on feedback. These results are in keeping with the current literature.

Conclusions: Bedside teaching continues to face ongoing challenges from the COVID-19 pandemic as well as declining patient
recruitment and fluctuations in clinical findings. The support for simulation-based medical education is derived from high-quality
studies; however, studies describing the use of this technology for bedside teaching in the undergraduate curriculum are limited.
The authors describe a highly effective teaching session amid the pandemic, which allowed for maintenance of staff and student
safety alongside continued education during a challenging time for educators globally.

(JMIR Med Educ 2022;8(2):e33565)   doi:10.2196/33565
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Introduction

The COVID-19 pandemic has posed significant challenges to
undergraduate medical education. Teaching methods with
patient-facing encounters such as bedside teaching have raised
numerous difficulties with regards to exposure and testing of
students, staff and patients, limited access to personal protective
equipment, and strict social distancing requirements. The hurdles
associated with conducting clinical placements amid the
pandemic have been acknowledged by the UK Medical Schools
Council [1]. In an attempt to ensure ongoing education during
this time, web-based learning platforms have been increasingly
adopted; however, not all areas of the undergraduate medical
curriculum are best suited to this form of learning [2].

Bedside teaching has commonly been used to teach valuable
core skills such as history taking and clinical examination,
fostering effective communication skills and enabling
professional relationships with patients and other health care
professionals to be established [3]. Solutions to the difficulties
associated with bedside teaching in the pandemic have been
sought through the use of available technologies, including
simulators. Simulation has been defined as a person, device, or
set of conditions that attempts to present education and
evaluation authentically [4]. Simulation-based teaching in health
professions education has seen tremendous growth over the past
20 years, driven by factors including patient safety and the
requirement for standardization of both training and assessment
[5]. Simulation-based education, through various high-quality
randomized controlled trials, has been shown to accelerate
knowledge and skill acquisition including nontechnical skills,
engage learners in deliberate practice, and provide a controlled
low-risk learning environment [6-8].

Simulators can be classified according to the degree of realism
known as fidelity. High-fidelity simulators provide the user
with immersive and often complex scenarios with a high degree
of realism [9]. Low-fidelity simulators replicate the real world
to a lesser extent and include part-task trainers, for example, an
inanimate model of a limb to allow learners to practice
venipuncture skills [9]. In addition, medium- or
intermediate-fidelity simulators provide greater authenticity
than low-fidelity simulators but may require instructors to
produce physiological signals displayed on monitors and
therefore lack authenticity compared with high-fidelity
simulators [10]. High- and low-fidelity simulators have been
shown to have various advantages with recognized limitations.
Weller has demonstrated that students have also derived benefit
from medium-fidelity simulators, with feedback suggesting
students found it useful to apply their knowledge in a safe
environment using a structured approach, as well as developing
their team-working skills [11]. High fidelity simulation can
provide students with exposure to relevant clinical signs without
requiring patient contact, while maintaining a high degree of
realism [1]. Studies have demonstrated that students reported
higher satisfaction and self- rated confidence scores when using

high-fidelity simulators compared with low-fidelity models
[12]. The advantages of simulation-based education have
resulted in its incorporation into some of the medical school
curriculums. Hull York Medical School has adopted
simulation-based education for final year medical students and
physician associate students using the high-fidelity simulator
SimMan 3G.

SimMan 3G is an adult-size full body mannikin, which can be
preprogrammed with adjustable parameters representing vital
functions that can be visualized on a display monitor. Vital sign
monitoring through the application of a saturation probe,
electrocardiogram leads, and a blood pressure cuff onto the
mannikin will allow for the parameters to be displayed on a
monitor connected to the mannikin. The monitor displays
dynamic heart rate, 3- and 12-lead electrocardiograms, blood
pressure, mean arterial pressure, oxygen saturations, respiratory
rate, and end tidal carbon dioxide values, allowing students
immediate feedback when interventions are performed. The
simulator allows for speech using a microphone and speaker,
which is connected wirelessly to a separate control room where
an instructor can simulate the patient’s voice. The technology
audibly simulates cardiac murmurs, pathological respiratory
sounds, and chest wall motion abnormalities as well as
peripheral and central pulse palpation. Visually, the mannikin
can simulate cyanosis, pupillary changes, diaphoresis, tongue
oedema, pharyngeal swelling, trismus, and seizures.

Hull York Medical School delivers weekly bedside teaching
for third year undergraduate students, facilitated by a team of
clinical teaching fellows. During the academic year, students
rotate through the 4 blocks of cardiorespiratory,
gastroenterology, metabolic, and mental health. The focus of
these teaching sessions is enabling students to develop their
history taking and clinical examination skills in clinic
environments. During the pandemic, several wards including
the cardiology, cardiothoracic surgery, and respiratory medicine
wards were closed to students due to outbreaks and to minimize
risk of viral spread. The greatest impact was subsequently for
those students undertaking their cardiorespiratory module.
COVID-19 has therefore demanded educators to be innovative
in their teaching methods, and the authors describe their personal
experience of implementing novel simulation-based “bedside”
teaching sessions to address the forementioned issues. It is likely
that in the postpandemic era, technology will continue to play
an important role in education [13]. The aim of this paper is to
describe our experience of designing and delivering high-fidelity
simulation-based teaching for history taking and clinical
examination for simulated cases of asthma and aortic stenosis.

Methods

Materials
The team of 4 clinical teaching fellows, with experience in
delivering simulation-based medical education at Hull York
Medical school, designed and implemented a novel approach
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to bedside teaching. The aim of the teaching sessions was to
provide continued high-quality education during the COVID-19
pandemic to third year medical students. The group of students
that had already undertaken their cardiorespiratory block were
identified, as this rotation received significant impact due to the
pandemic, resulting in limited student exposure to patients from
this specialty.

Two cases were chosen for the teaching sessions—asthma and
aortic stenosis—due to their relative epidemiological prevalence
and the ability to replicate clinical signs in the simulation suite
(wheeze and ejection systolic murmur, respectively).
Undergraduate medical students in their third year of education
at Hull York Medical School were recruited via email by a
student coordinator and offered electronic sign-up dates and
times. The teaching sessions were delivered to pairs of students
to allow sufficient time for each student to take a history and
perform a focused respiratory or cardiac clinical examination.
In addition, the small group sizes allowed for each student to
observe their peers while maintaining compliance with social
distancing requirements.

The format of the teaching sessions involved 2 students entering
a simulation suite, accompanied by a teaching fellow to guide
and support the session. In the suite, each student had the
opportunity to take a history and perform a focused
cardiorespiratory examination using the high-fidelity simulator
SimMan 3G. The patient history was provided by a clinical
teaching fellow in the control room in real time via a microphone
linked to speakers in the simulation suite. The histories had
been prescripted in order to allow for standardization of the
cases and for learning objectives to be met. One teaching fellow
was responsible for programming the simulator’s vital signs,
providing the students with dynamic heart rate, blood pressure,
oxygen saturations, respiratory rate, and temperature
measurements. For each case the relevant positive clinical
findings were simulated allowing for wheezing and an ejection
systolic murmur to be auscultated. The limitations of the
simulator were identified and therefore, to provide greater
realism to the cases, visual aids were used in the form of printed
photographs to demonstrate clubbing and a thoracotomy scar
as well as props including a salbutamol inhaler. Each simulated
session lasted approximately 45 minutes, and on completion of
both cases, the students exited the suite and entered the
debriefing room.

In the debrief room, a teaching fellow led a discussion of both
cases with an emphasis on both individual and peer reflection
and provided an opportunity for the students to ask questions.
To summarize the key aspects of the topics covered during the
simulation session, an interactive presentation was then
delivered. The students spent approximately 45 minutes in the
debrief room, which afforded the opportunity for the next pair
of students to enter the simulation suite simultaneously. The
equipment in the simulation room was cleaned between each
pair of students, and all students performing the simulation wore
appropriate personal protective equipment. Following the
session, all students were sent a web-based feedback form and
asked to rate their session in usefulness and relevance using the
5-point Likert scale (1=very poor, 5=very good), with additional
white space fields to provide comments for qualitative feedback.

The web-based form included standardized questions that Hull
York Medical School uses to collect qualitative feedback,
including learners who undertake regular simulation-based
teaching in the fifth year of the medical program, as shown in
Multimedia Appendix 1.

Ethics Approval
This study was part of a quality improvement pilot project, and
therefore no formal ethics board approval was required.

Results

In total, 12 students completed the simulation-based teaching
sessions, with 10 completing the feedback questionnaires.
Analysis of the feedback demonstrated a very positive
experience with an overall student self-rating score of 4.5 on a
5-point rating scale (1=very poor, 5=very good). The majority
of students (n=9, 90%) felt more confident after the simulated
bedside teaching, predominately with regards to clinical
examination skills. Feedback also demonstrated that students
found the combination of simulated scenarios alongside
interactive presentations useful for their learning, and 100%
(n=10) of students were keen to recommend the session to a
colleague.

Student comments from qualitative feedback included “great
opportunity for hands-on learning for practical skills” and
“allows directed bedside teaching that is otherwise not available
or not as easy to do with a real patient.” Moreover, 40% (n=4)
of the students requested further simulation-based teaching
sessions to be conducted using different clinical scenarios, and
1 (10%) student suggested “maybe we can have session like
this in each block to practice for our end of block Objective
Structured Long Examination Record.”

Discussion

Our experience of delivering high-fidelity simulation-based
teaching for third year undergraduate medical students
demonstrated that the sessions were well received by students
with high levels of learner satisfaction. In addition, the majority
of students’ self-rated scores of confidence following the
simulation sessions were high. Padilha et al [14] describe the
development of knowledge as influenced by both student’s
intrinsic factors as well as extrinsic factors such as satisfaction.
Our experience is in keeping with studies described in the
literature including that by Meyers et al [15], an observational
pilot study that showed supplemental simulation-based training
using a high-fidelity manikin improved overall satisfaction in
preclinical medical students.

Physical examination is a vital skill for clinicians and is an
essential component of high-quality patient care [16].
Traditionally, this skill has been taught in the clinical
environment through bedside teaching; however, there are
several challenges to this modality including declining patient
recruitment, fluctuations in clinical findings during the course
of treatment, and most recently the COVID-19 pandemic [16].
A recent systematic review by Dedeilia et al [12] analyzed these
challenges imposed on medical and surgical education and
summarized the innovations that have enabled the continuation
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of education in the era of COVID-19. Innovations include
teleconferences and webinars, online learning, social media
platforms, virtual consultations, virtual reality, and simulation
[12].

Simulators vary with regards to fidelity. High-fidelity
simulation, as described in our teaching, has several advantages
including the ability to control physiological parameters,
standardization of cases, and the relative ease of accessibility,
and it allows students to contact with rare or life-threatening
situations in a low-risk environment [17,18]. This can be
contrasted with bedside teaching when patients who are
available can be very variable and the “positive” examination
findings can also be limited [17]. In addition, rarer and more
complex patients may be too unwell to consult with students,
or due to their inherent epidemiological rarity, may not be
present within the hospital setting [19]. Simulation allows for
the replication of these clinical profiles, providing students with
hands-on exposure they may not otherwise gain [19]. Simulation
has also been shown to reduce anxiety levels among medical
students as shown by Yu et al [20]. The latter propose that
students need to be repeatedly exposed to simulation for
psychological stability and to develop competence [20]. These
findings are further supported by Zheng et al [21], where
structural integration of high-fidelity simulation in the
cardiovascular physiology curriculum for undergraduate medical
students proved successful with regards to student’s learning
experiences and learning outcomes.

The most widely studied high-fidelity simulator is Harvey, a
life-size manikin that simulates 27 cardiac conditions, which
was introduced in 1968 by the University of Miami [18,22].
Giovanni et al [23] randomized 37 students to Harvey compared
with CD tuition and assessed students via a 6-station objective
structured clinical examination (OSCE), 6 weeks post teaching.
The authors reported moderate (though not statistically
significant) advantage in interpreting clinical signs in real
patients in students trained with the simulator [23], as shown
in Multimedia Appendix 2. There was no difference in
diagnostic accuracy, which the authors postulated could be due
to learning decay, resulting from the 6-week delay in testing.
Giovanni et al [23] concluded that low-fidelity simulators also
have a role and are associated with greatly reduced costs
compared with high-fidelity simulators. However, studies by
Anastakis et al [24] and Matsumo et al [17] have demonstrated
that low-fidelity simulators had smaller gains than the
high-fidelity simulator group (though not statistically
significant).

O’Flynn [18] also notes that simulation training is able to
increase student’s confidence but recognizes the risk of skill
decay. In order to overcome this, Kneebone et al [19] propose
distributed learning resources, allowing learners to access a
range of simulation suitable for their level of training. Learners
involved in simulation-based education, when compared with
traditional learning, have shown that greater retention and
simulation can provide valuable opportunities for
interdisciplinary interactions [25]. Reed et al [26] demonstrated
the long-term benefits of simulation-based training when 98%
of students scored at or above the minimum passing standards

on retesting 1 to 9 months after receiving teaching on core
emergency medicine skills using the Laerdal SimMan.

Simulation-based medical education has been shown to have
long-term beneficial outcomes by reducing inherent risk to
patients and reducing the frequency of medical error, thereby
improving patient care [19]. Bernardi et al [22] used the
Kyoto-Kagaku patient simulator to train a group of fifth year
medial students on cardiac auscultation. Simulation exposure
significantly improved heart auscultation skills with mitral
regurgitation being correctly identified by 87.9% of students
versus 71.4% of non–simulation trained students (P=.02) [22].
Increased diagnostic accuracy following simulation training
was also demonstrated by Perlini et al [16] after incorporating
a 10-hour teaching session using the Harvey simulator for
medical students and residents. They found that after
simulation-based teaching, learners had a greater ability to
recognize the correct cardiac diagnoses (from 11% to 72%
P<.001) compared with baseline [16].

Gauthier et al [11] randomized 32 first year medical students
to teaching modules with standardized patients or Harvey
simulators. The authors found no difference in mean OSCE
scores but a higher frequency of correct diagnoses among the
students trained with standardized patients [11]. However,
student feedback revealed Harvey offered superior clinical
findings, and the authors concluded a combined teaching
program would be ideal for transferability to patients [11]. Butter
et al [27] have demonstrated transfer of skills and knowledge
learnt through simulation training to the clinical environment.
Learners having undergone simulation training accurately
assessed 93.8% of simulated heart sounds (P<.001) compared
with 73.9% accuracy among untrained students [28]. The authors
subsequently advocate for simulation-based mastery learning
programs, contending that they are a practice and feasible
modality, allowing sufficient time for practice and compliant
with competency-based accreditation requirements [28].

Studies using high-fidelity simulators other than Harvey have
also shown favorable results. In 2019, Arangalage et al [29]
delivered 28 hours per year of simulation-based teaching to over
400 students by incorporating a simulation-based course into
the undergraduate medical curriculum. The authors used the
Lifeform Auscultation Trainer and Smartscope to teach cardiac
auscultation, blood pressure measurements, peripheral arterial
examination, and the clinical examination of heart failure [29].
In keeping with the results of our study, Arangalage et al [29]
reported that the majority of students provided positive feedback
and found the teaching useful. They concluded that the
simulation-based teaching facilitated educator-student and
student-student interactivity with fulfilment of pedagogical
objectives [29].

Simulation has also been used effectively to teach specialist
skills to medical students. Scholz et al [30] compared a
high-fidelity simulator to a wood-and-leather phantom to teach
intrapartum care to 46 undergraduate students. Students using
the high-fidelity simulator felt better prepared for obstetric house
jobs and performed better in obstetric skills evaluations [30].
Siassakos et al [25] conducted an exploratory randomized
controlled trial involving 24 fourth year medical students
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randomizing 1:1 to hybrid simulation training or small-group
tutorials to teach management of shoulder dystocia. The authors’
results demonstrated that students having undergone hybrid
simulation training had significantly higher median total patient
perception scores (11 vs 9, respectively; P=.02) and significantly
higher median communication scores (4 vs 3; P=.01) compared
with those who underwent small-group tutorials [25]. The time
dedicated to debriefing and the provision of immediate feedback
are also considered a significant strength of simulation-based
teaching, an opportunity that is often lacking in the clinical
setting [9]. According to Riaz et al [31], over 90% of students
found debriefing a useful component.

A significant barrier to using high-fidelity simulation is the high
costs involved. Karnath et al [32] overcame this by using
transportable simulators (blood pressure simulator and palpable
pulse simulator) to effectively deliver a cardiopulmonary module
for second year medical students [32]. Students were assessed
through an OSCE; 80% of the students accurately measured the
blood pressure, and cardiopulmonary auscultation proficiency
showed average recognition of 60% for cardiac abnormalities
and 88% for pulmonary sounds [32].

The limitations of simulation-based teaching are recognized.
This method of teaching is resource intensive, both with regards
to staff and the inherent high costs involved with high-fidelity
simulators [33]. Simulation-based teaching has a higher staff
and technological requirement, in addition to requiring technical
knowledge to run the simulation effectively [33]. These factors
may explain why simulation-based education has not been as
widely adopted in undergraduate education compared with
postgraduate training. Hull York Medical School has already
incorporated simulated-based teaching into the undergraduate
program for final year students. The authors propose that the
use of simulation for other year groups may also be
advantageous as demonstrated by the self-rated responses from
third year students and allows for more efficient use of this
expensive resource.

Limitations of the simulation technology also require
consideration. In clinical practice, patients may present
atypically, and a disadvantage of simulation-based bedside
teaching is that these subtle nuisances and atypical presentations
are not conveyed as well as when compared with a true patient
presentation [15]. Simulation-based teaching may therefore not
always represent a suitable alternative, particularly when there
is advocation for preserving bedside teaching even in the face
of new technologically assisted learning methods, with beliefs
being held that nothing can simulate real patient encounters
[20].

The support for simulation-based medical education is derived
from high-quality studies (Multimedia Appendix 2); however,
studies describing the use of this technology for bedside teaching
in the undergraduate curriculum are limited
[9,18,22,28,31,33-37]. We have described a successful teaching
session, well received and enjoyed by the students with
increased self-rated confidence scores in keeping with other
studies [22,29,33]. During the unprecedented times of the
pandemic, alternatives to bedside teaching were grossly limited.
The authors describe a highly effective teaching session amid
the pandemic, which allowed for maintenance of staff and
student safety alongside continued education during a
challenging time for educators globally. The teaching sessions
allowed for learning in a safe controlled learning environment
while meeting learning objectives. The cases chosen represent
common pathologies, and with careful design and planning,
future scenarios could incorporate more complex and rarer
patients to allow for a more diverse learning experience.
Simulation-based education is a useful adjunct to traditional
teaching modalities providing an immersive and highly
interactive learning environment that more accurately reflects
the clinical experience [9]. The use of emergent technology is
most likely to be an indispensable component of
post–COVID-19 undergraduate medical education [21].
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Abstract

Background: Cadaveric simulation training may be part of the solution to reduced quantity and quality of operative surgical
training in the modern climate. Cadaveric simulation allows the early part of the surgical learning curve to be moved away from
patients into the laboratory, and there is a growing body of evidence that it may be an effective adjunct to traditional methods for
training surgical residents. It is typically resource constrained as cadaveric material and facilities are expensive. Therefore, there
is a need to be sure that any given cadaveric training intervention is maximally impactful. Deliberate practice (DP) theory as
applied to cadaveric simulation training might enhance the educational impact.

Objective: The objectives of this study were (1) to assess the impact of a freestyle DP cadaveric hand surgery simulation training
intervention on self-reported operative confidence for 3 different procedures and (2) to assess the subjective transfer validity,
perceived educational value, and simulation fidelity of the training.

Methods: This study used validated questionnaires to assess the training impact on a cohort of orthopedic residents. The freestyle
course structure allowed the residents to prospectively define personalized learning objectives, which were then addressed through
DP. The study was conducted at Keele Anatomy and Surgical Training Centre, a medical school with an integrated cadaveric
training laboratory in England, United Kingdom. A total of 22 orthopedic surgery residents of postgraduate year (PGY) 5-10
from 3 regional surgical training programs participated in this study.

Results: The most junior (PGY 5-6) residents had the greatest self-reported confidence gains after training for the 3 procedures
(distal radius open reduction internal fixation, flexor tendon repair, ulnar shortening osteotomy), and these gains diminished with
resident seniority. The confidence gains were proportional to the perceived procedural complexity, with the most complex
procedure having the lowest pretraining confidence score across all experience levels, and the greatest confidence increase in
posttraining. Midstage (PGY 7-8) residents reported receiving the highest level of educational benefit from the training but
perceived the simulation to be less realistic, compared to either the junior or senior residents. The most senior residents (PGY
9-10) reported the greatest satisfaction with the self-directed, freestyle nature of the training. All groups reported that they were
extremely likely to transfer their technical skill gains to their workplace, that they would change their current practice based on
these skills, and that their patients would benefit as a result of their having undertaken the training.

Conclusions: Freestyle, resident-directed cadaveric simulation provides optimum DP conditions whereby residents can target
their individualized learning needs. By receiving intensive, directed feedback from faculty, they can make rapid skill gains in a
short amount of time. Subjective transfer validity potential from the training was very high, and objective, quantitative evidence
of this is required from future work.

(JMIR Med Educ 2022;8(2):e34791)   doi:10.2196/34791
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Introduction

Cadaveric training is rapidly gaining popularity as the ultimate
surgical simulation [1]. Human cadavers accurately represent
anatomy as seen in the operating room, which allows residents
to appreciate neurovascular and soft tissue relationships and the
associated hazards with unparalleled realism [2,3]. Modern
fresh-freezing techniques preserve the soft tissue handling
characteristics, meaning the intraoperative “haptic feedback”
when operating on cadavers is highly realistic [4]. Furthermore,
when the environmental and psychological fidelities are
optimized by dressing the simulation as a real operating theatre,
it leads to the acquisition of both technical and nontechnical
skills in a complete training package [5]—residents are not just
“learning surgical skills but learning to be surgeons” 6.

Cadaveric training may be part of the solution to the joint
problems of reduced quantity and quality of surgical training
in the United Kingdom. The European Working Time Directive
has dramatically reduced the number of hours available for
surgical training [6,7], and the time that is available is not being
used to best effect [8]. This is because junior residents are
increasingly spending their time doing administrative and other
tasks that offer less training value at the expense of attending
the operating theatre [9]. Such tasks might include requesting
investigations, writing discharge summaries, and other
nonsurgical tasks required for their professional development
such as participation in audit and quality improvement work.
A large 2016 study by the Royal College of Surgeons of 990
residents found that in the average 12-hour shift, 218 minutes
were spent on administrative tasks compared to just 34 minutes
operating [10].

These challenges of delivering training have led to concerns
about the possible patient safety implications [11]. Cadaveric
simulation allows the early part of the surgical learning curve
to be moved away from patients and into the laboratory so that
patient safety can be assured [12]. There is a growing body of
evidence that cadaveric simulation is effective for training across
a wide range of specialties [1].

One known problem is that cadaveric simulation is expensive
to provide [2] and is necessarily restricted to specialized
wet-laboratory facilities [13]. When designing a cadaveric
training course, residents will be limited to 1 attempt at each
procedure [14]. It is therefore essential to maximize the impact
of that training opportunity to allow for the greatest educational
gains in the most cost- and time-efficient way.

Deliberate practice (DP) is an educational theory–driven way
to maximize the efficiency of surgical simulation training. DP
theory says that attainment of expert performance results from
a continued process of targeted practice of tasks with immediate
feedback, which allows learners to focus on their weaknesses
while also refining other aspects of their performance [15]. It
is this process, rather than merely “time on the job,” that leads

to expertise, and the level of proficiency that can be attained
through DP is independent of innate ability [16,17].

The aim of this study was to evaluate a “freestyle” DP cadaveric
training intervention for hand surgery, where residents
prospectively identified their individual learning needs using
SMART (specific, measurable, achievable, realistic,
time-related) objectives [18]. The course was freestyle in the
sense that there was no didactic, taught element and no
prescribed timetable of procedures to be performed. We
hypothesize that this would provide optimum conditions for DP
and would maximize and expedite the learning gains from the
training.

Methods

Ethical Considerations
This work comes under the remit of course evaluation and
therefore formal ethical board approval was not deemed
necessary. The surgical training center holds the appropriate
licenses to host cadaveric simulation training [13].

Recruitment
The study was designed as a prospective cohort study.
Participants were recruited via an email invitation sent to all
orthopedic residents (approximately 80) in 3 regional training
programs in the United Kingdom. All specialist training grades
from postgraduate year (PGY) 3-10 were eligible. In total, 22
participants were recruited and completed the training.

The Cadaveric Surgical Simulation Training Course
The training course took place over 1 day at Keele Anatomy
and Surgical Training Centre. Fresh frozen whole cadaveric
arms were used, obtained from the local body donation program.
Instruments and implants were provided by Trimed (Trimed
Inc). A large C-arm and radiographer were available to
participants. The attending hand and wrist surgeon faculty each
supervised 2 pairs of residents. The costs were funded by Health
Education West Midlands, and the course was delivered free of
cost to the participants.

Participants were asked to complete prelearning from a reading
list and to write and submit bespoke SMART objectives of what
they planned to achieve from the course before attending.

Participants were self-paired during the cadaveric sessions, with
2 residents to 1 cadaveric arm. Equipment to perform any or all
of the procedures—distal radius open reduction internal fixation
(ORIF), ulnar shortening osteotomy (USO), and flexor tendon
repair (FTR)—was made available. Participants decided among
themselves which procedures (or parts of procedures) they
would perform. Participants were asked to pay specific attention
to their SMART objectives. Attending faculty were circulating
closely and were on hand to provide immediate feedback on
performance. Importantly, there was no demonstration or
guidance provided and no prescriptive structure to the
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session—the wet lab time was entirely free for the participants
to explore the anatomy and perform the procedure at their own
pace. This was done consciously to allow for the maximum
time to be devoted to DP and is different from the usual
provision in cadaveric simulation, where typically a guided
demonstration is followed by participants performing all parts
of all procedures in a sequential rotational manner, regardless
of individual learning needs.

As part of the structured feedback and to self-audit against
achievement of their SMART objectives, participants were
offered the opportunity for procedure-based assessments (PBAs)
to be completed by the attending faculty. PBAs are a framework
for residents to receive structured feedback and allow for
personal reflection.

Data Collection and Analysis
Data were collected using prepiloted questionnaires that were
designed to provide a sophisticated, subjective, and principally
qualitative assessment of cadaveric simulation training 20. A
Likert scale of 1-10 was used, with no middle descriptive anchor
to avoid response centralization. Some questions were
deliberately negativized to encourage thoughtful completion.

Demographic details and assessment of pretraining procedural
confidence scores were obtained at registration before the start
of the course. Posttraining confidence scores and assessment
of educational value, simulator fidelity, and transfer validity
potential were made at the end of the course before debriefing.
Data analysis was undertaken using IBM SPSS Statistics for
Windows (version 26; IBM Corp).

Results

Overview
There were 22 participants in the study, from PGY 5-10. Of
them, 19 participants were male and 3 were female. Participants
were divided into 3 subgroups for analysis, which correspond
to the stages of UK higher surgical training: early (PGY 5-6),
mid (PGY 7-8), and late stage (PGY 9-10). Participant
demographics by subgroup are shown in Table 1. A total of 6
(28%) participants were cadaveric simulation naive, and the
likelihood of past exposure to cadaveric simulation did not relate
to seniority level.

Table 1. Participant demographics.

Stage of trainingCharacteristics

TotalLate (PGY 9-10)Mid (PGY 7-8)Early (PGYa 5-6)

Gender, n (%)

19 (86)4 (67)2 (100)13 (93)Male

3 (14)2 (33)0 (0)1 (7)Female

22 (100)6 (100)2 (100)14 (100)Total

Cadaveric simulation naive, n (%)

6 (28)1 (17)0 (100)5 (36)Yes

16 (72)5 (83)2 (100)9 (64)No

22 (100)6 (100)2 (100)14 (100)Total

aPGY: postgraduate year.

Procedural Confidence
Procedural confidence increased for all procedures and within
all subgroups following the DP cadaveric training. Pretraining
procedural confidence was lowest for all groups for the least
frequently performed procedure (USO). Mean reported
confidence levels were 1.8, 3.5, and 5.2 for early-, mid-, and
late-stage residents, respectively, on a Likert scale of 1-10
(where 1=not at all confident and 10=extremely confident).
Posttraining confidence increased by +4.4, +4.5, and +2.5 points
by subgroup (Figure 1). Pretraining confidence was highest
across all subgroups for the procedure perceived to be most
straightforward (distal radius ORIF), at 5.2, 7.0, and 8.0 for
early-, mid-, and late-stage residents. There were confidence
gains of +2.6, +2.5, and +1.7 points, respectively, after training
(Figure 2). Confidence gains for FTR are shown in Figure 3.

The size of confidence gain by procedure was inversely
proportional to the stage of training, with the largest gains seen
in the most junior, early-stage residents (+2.3, +4.4, and +2.6
points for distal radius ORIF, USO, and FTR), moderate gains
seen in the midstage residents (+2.0, +4.5, and +2.5 points),
and the smallest gains seen in the most senior residents in all 3
procedures (+0.8, +2.5, and +1.7 points) (Table 2).

There were significant differences in between-group mean
confidence gains for USO (P=.02), using 1-way ANOVA, with
the most junior residents yielding the greatest gain. The
between-group differences in confidence gains in distal radius
ORIF and FTR were not statistically significant.

There was a significant correlation between specialist training
year and mean change in confidence after training for distal
radius ORIF (P=.01) and USO (P=.004) but not for FTR
(Pearson test).
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Figure 1. Box plot showing confidence change for ulnar shortening osteotomy. PGY: postgraduate year.

Figure 2. Box plot showing confidence change for distal radius open reduction internal fixation. PGY: postgraduate year.
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Figure 3. Box plot showing confidence change for flexor tendon repair. PGY: postgraduate year.

Table 2. Mean confidence gains by procedure and stage of training.

Stage of trainingProcedure

Late (PGY 9-10)Mid (PGY 7-8)Early (PGYa 5-6)

ChangePostPreChangePostPreChangePostPre

+0.88.88.0+2.09.07.0+2.37.55.2Distal radius ORIFb

+2.57.75.2+4.58.03.5+4.46.21.8Ulnar shortening osteotomy

+1.78.56.8+2.57.55.0+2.66.74.1Flexor tendon repair

aPGY: postgraduate year.
bORIF: open reduction internal fixation.

Educational Value of DP Cadaveric Simulation
The perceived educational value of the training was assessed
across 5 domains. All participants strongly agreed that the
cadaveric training was superior to training on mannequins (mean
9.64, range 7-10 on a Likert scale of 1-10, where 1=strongly
disagree and 10=strongly agree), and it was superior to training
by virtual reality (mean 9.27, range 6-10). The majority of

participants believed the freestyle DP nature of the course
enhanced their learning, although this was not universal (mean
8.77, range 3-10). The late-stage residents were most
enthusiastic about the DP design (Table 3). The participants
strongly believed that cadaveric simulation training should be
more widely provided to orthopedic residents (mean 9.59, range
8-10). Subgroups scores by domain are shown in Table 3 and
Figure 4.
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Table 3. Participant perception of educational value, simulator fidelity, and transfer validity of cadaveric training (scale 1-10, where 10 is considered
the best score).

Stage of trainingParticipant perception

Total participants,
mean (range)

Late (PGY 9-10),
mean

Mid (PGY 7-8),
mean

Early (PGYa 5-6),
mean

Educational value

9.6 (7-10)9.8109.5Superior to mannequins

9.3 (6-10)9.3109.1Superior to virtual reality

8.8 (3-10)9.28.58.6Deliberate practice is useful

9.1 (9-10)9109Cadaveric simulation is the best way to train

9.6 (8-10)9.7109.5Provision should be universal

Simulator fidelity

8.8 (6-10)8.898.7Cadavers as patients

9.1 (7-10)9.399Surgical anatomy

7.3 (3-10)84.47.2Hospital environment

6.4 (1-10)7.346.4Multidisciplinary team

5.1 (1-10)5.74.55Psychological stress

Transfer fidelity

9.5 (8-10)9.8109.2Will take new technical skills back to workplace

7.1 (1-10)8.24.57.1Will take new nontechnical skills back to workplace

9.1 (7-10)9.59.58.8Will change current practice

9.2 (7-10)9.39.59.1My future patients will benefit

aPGY: postgraduate year.

Figure 4. Radar plot showing educational value domain scores by training level. PGY: postgraduate year.

Simulator Fidelity
The fidelity of the simulation was considered across physical,
environmental, and psychological domains. To assess physical
fidelity, participants were asked about their perception of the
realism of the cadaver as a patient and the realism of the surgical
anatomy. Both were reported as being highly realistic (mean
8.77, range 6-10; and mean 9.09, range 7-10 for patient and

anatomy, respectively). Environmental fidelity was assessed by
asking participants about their perception of the realism of the
hospital environment and multidisciplinary team. The
environmental fidelity of the simulation was reported as being
less than the physical fidelity but still reasonably high (mean
7.27, range 3-10; and mean 6.41, range 1-10 for hospital
environment and multidisciplinary team, respectively). The
psychological fidelity was assessed by asking the participants
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if they felt the simulation accurately recreated the emotional
stress of performing real surgery. On average, the participants
felt that the psychological stress of the DP cadaveric simulation
was only moderately realistic, but there was a wide range of

opinion on this (mean 5.14, range 1-10). The perception of
psychological stress did not correlate with the stage of training.
Assessment of simulator fidelity by resident stage of training
is shown in Table 3 and Figure 5.

Figure 5. Radar plot showing simulator fidelity domain scores by training level. PGY: postgraduate year.

Skill Transfer Following Training
Transfer fidelity was examined in 4 areas: transfer of technical
skills and nontechnical skills to the workplace, likelihood of
changing current practice following training, and belief that
their future patients would benefit from participants having
done the training.

All participants strongly agreed they had learned technical skills
during the training that they would transfer into their surgical
practice (mean 9.45, range 8-10). There was moderate agreement

that nontechnical skills had been gained from the training that
would transfer to the workplace, with a wide range of views
(mean 7.14, range 1-10).

Participants strongly agreed they would change 1 or more
aspects of their current practice based on what they had learned
during the training (mean 9.05, range 7-10), and they felt that
their patients would benefit from their having done the training
(mean 9.18, range 7-10). The late-stage trainees overall reported
the highest likelihood of skill transfer following the training
(Table 3 and Figure 6).

Figure 6. Radar plot showing transfer fidelity domain scores by training level. PGY: postgraduate year.

JMIR Med Educ 2022 | vol. 8 | iss. 2 | e34791 | p.216https://mededu.jmir.org/2022/2/e34791
(page number not for citation purposes)

James & FawdingtonJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Discussion

Principal Findings
The evidence base for cadaveric simulation training is growing,
with an increasing number of studies showing that it can induce
short-term behavioral change when measured by objective
means [1]. There is still uncertainty around the timing of
delivery of training and how to optimize the learning impact
given the known resource limitations. We sought to assess the
latter question in this study to see if a DP-style cadaveric
simulation course would expedite learning and “make the most”
of the single procedural attempt that is typically available in
cadaveric training courses.

Procedural confidence gains following training increased with
procedural complexity and were inversely proportional to
experience level, with the most junior residents reporting the
greatest procedural confidence gains for all 3 procedures. This
is not surprising and is in line with other studies assessing the
impact of cadaveric simulation on junior residents [19-29].

The most senior residents reported the greatest enthusiasm for
the DP-style training. This may be because they have greater
insight into their learning needs and may have greater confidence
and autonomy in pursuing independent practice when compared
to more junior trainees. A comparative study of standard
cadaveric versus DP cadaveric training would be needed to
explore this topic further.

The physical and environmental fidelities of the simulation were
reported to be high by all groups, and the psychological fidelity
was less so. This may be because in the cadaveric simulation
laboratory, the real-world pressures of unwell patients and other
clinical commitments and service pressures are absent. This
lack of psychological stress with concomitant high physical and
environmental fidelity has actually been shown to be a key
driver of learning in cadaveric simulation [5], as participants
can take time to refine their skills and learn from their mistakes
in a manner that is impossible to safely replicate in the real-life
operating room.

Regarding transfer fidelity, all groups reported a very high
likelihood that they would take technical skills back to their
workplace, but it was less so with nontechnical skills. This is
not surprising as we did not design the training to develop
nontechnical skills; however, evidence does show that
nontechnical skills learning during cadaveric simulation may
occur passively and “unnoticed” as a result of immersion in the
high fidelity, “symbolically structured environment,” which
exerts an “anonymous, pervasive, pedagogic action” [30]. It
may, therefore, be that the participants underreported their
nontechnical skills acquisition following training. There is often
a considerable bias toward assessing purely technical skills
following simulation training [31]; however, given that previous
ethnographic studies in surgery have shown that technical skill

is only thought to be around 20% of the required skill set of a
competent surgeon [32,33], consideration ought to be given to
the role of simulation in addressing other dimensions of
competence as well.

Our study has several strengths. To our knowledge, it is the first
report in the literature of the application of DP theory
specifically to cadaveric simulation training. We had the full
range of resident experience levels included in our study cohort,
which makes subgroup assessment of impact possible. We used
a sophisticated prepiloted questionnaire instrument to evaluate
the course in a high level of qualitative detail across domains
that are grounded in educational theory. Our study also has
several weaknesses. There was no comparator group receiving
“standard”’ structured cadaveric training, so any inferences we
make about the likely superiority of a DP-style cadaveric
training are inherently speculative. Another weakness, in
common with much of the existing evidence base on cadaveric
simulation, is that we used subjective, Kirkpatrick Level 1 [34]
measures of impact. Objective, quantitative assessment of
performance and outcome following training may provide more
compelling evidence of impact, but it was not possible to do
that in our study. The cohort of residents in our study were also
self-selected and so may be a particularly motivated group, and
hence, it is difficult to know how generalizable these results are
to the orthopedic resident population as a whole. Only
one-quarter of our eligible resident cohort (22 of approximately
80 residents) participated, and it is impossible to know if this
represents a particular sector—perhaps those of particularly
high or conversely low ability and confidence. There were only
2 residents in the midstage group, which limits the inferences
that can be drawn from quantitative analysis. We chose to
present 3 categories of resident seniority rather than combine
groups to increase the generalizability of our results where
training programs typically consider training to be in 3 phases.
There was a skew toward younger and male residents in our
study population, which may impact the generalizability of the
results to other groups. We did not attempt to explore
participants’ motivation for joining the study; it is possible that
we attracted a particularly motivated cohort of participants, or
the reverse may be true—individuals with low confidence in
their skills may have been more likely to participate.

Conclusions
Freestyle DP cadaveric simulation allows training efficiency
and educational impact to be maximized when there are
inevitable resource constraints on repeated procedural attempts.
The most senior residents reported greatest enthusiasm for the
DP style of training, and this may be because of a greater
awareness of their own learning needs and confidence in
addressing them independently. All participants reported the
course to be an extremely valuable training opportunity with a
very high likelihood of skill transfer to the workplace and
resultant patient benefit.
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Abstract

Background: Access to continuing professional development (CPD) for health care workers in low- and middle-income countries
(LMICs) is severely limited. Digital technology serves as a promising platform for supporting CPD for health care workers by
providing educational content virtually and enabling virtual peer-to-peer and mentor interaction for enhanced learning. Digital
strategies for CPD that foster virtual interaction can increase workforce retention and bolster the health workforce in LMICs.

Objective: The objective of this integrative review was to evaluate the evidence on which digital platforms were used to provide
CPD to health care workers and clinical students in LMICs, which was complemented with virtual peer-to-peer or mentor
interaction. We phrased this intersection of virtual learning and virtual interaction as mobile-social learning.

Methods: A comprehensive database and gray literature search was conducted to identify qualitative, quantitative, and mixed
methods studies, along with empirical evidence, that used digital technology to provide CPD and virtual interaction with peers
or mentors. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines were followed.
Eligible articles were written in English, conducted in an LMIC, and used a mobile device to provide CPD and facilitate virtual
peer-to-peer or mentor interaction. Titles, abstracts, and full texts were screened, followed by an assessment of the quality of
evidence and an appraisal of the articles. A content analysis was then used to deductively code the data into emerging themes.

Results: A total of 750 articles were identified, and 31 (4.1%) were included in the review. SMS text messaging and mobile
instant messaging were the most common methods used to provide continuing education and virtual interaction between peers
and mentors (25/31, 81%). Across the included articles, participants had high acceptability for using digital platforms for learning
and interaction. Virtual peer interaction and mentorship were found to contribute to positive learning outcomes in most studies
(27/31, 87%) through increased knowledge sharing, knowledge gains, improved clinical skills, and improved service delivery.
Peer-to-peer and mentor interaction were found to improve social support and reduce feelings of isolation (9/31, 29%). There
were several challenges in the implementation and use of digital technology for mobile-social learning, including limited access
to resources (eg, internet coverage and stable electricity), flexibility in scheduling to participate in CPD, and sociobehavioral
challenges among students.

Conclusions: The summary suggests that mobile-social learning is a useful modality for curriculum dissemination and skill
training and that the interface of mobile and social learning serves as a catalyst for improved learning outcomes coupled with
increased social capital.

(JMIR Med Educ 2022;8(2):e32614)   doi:10.2196/32614
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Introduction

Background
The shortage of health care providers in low- and middle-income
countries (LMICs) places an insurmountable strain on health
care systems. The World Health Organization estimates that
nearly 57 countries lack an approximate 4.2 million health care
providers (physicians, nurses, midwives, and allied health
professionals) [1,2]. The strengthening of health care systems
in LMICs requires multifaceted approaches to the training and
retention of health care workers to meet clinical needs [3].
Continuing professional development (CPD) for health care
providers is essential for the development and application of
health care practices and policies necessary for health promotion,
disease prevention and management, and fostering sustainable
health systems. Although many high-income countries require
health care workers to participate in regular CPD, many LMICs
do not have such regulations or policies. Traditionally, in-person
CPD training has been the primary method of providing health
care education for health care providers in LMICs [4]. However,
health care workers in low-resource settings, especially those
in rural areas, face substantial logistical barriers to accessing
in-person CPD programs (eg, cost of travel and inflexibility in
scheduling). Thus, access to such programs is remarkably
limited, especially when there is a lack of provider engagement
[4]. Research has demonstrated that health care workers in
LMICs are more likely to have higher motivation, satisfaction,
and retention when they are provided with access to continuing
education [3,5-7]. In countries with limited resources, addressing
health care worker shortages and service needs requires tailored,
cost-effective approaches for training, supervising, and
mentoring health care workers. It is imperative for such
approaches to minimize strain on already burdened health care
systems while simultaneously providing instructional
experiences that trainees need to successfully perform their jobs
[8].

Mobile-Social Learning to Support CPD
Digital education strategies have gained momentum over the
last decade in low-resource settings for the provision of CPD
to health care workers. Digital education encompasses various
modalities of learning, including but not limited to offline and
web-based computer-based education, gamification, massive
open web-based courses, virtual reality environments,
augmented reality, virtual patient simulations, and mobile digital
education [9]. Given the expansion of mobile phone use in
LMICs, leveraging digital health strategies through the use of
mobile technology has the potential to alleviate significant health
system challenges [10,11]. CPD that is provided through mobile
devices can support workplace-based practical training, reduce
in-person instruction time, support social peer learning, and
allow programs to reach a greater number of providers,
especially those practicing in remote locations [4]. Virtual
training is affordable and can be easily adapted as new
information is discovered to update providers with the latest
information and clinical developments. Furthermore, virtual
CPD that is provided through mobile technology has
demonstrated high feasibility and acceptability among health
care providers in LMIC settings [4,12-14]. Mobile platforms

can be used to not only provide CPD education but also
complement CPD through peer-to-peer and mentorship
engagement and interaction. Although there have been a number
of studies that have evaluated the efficacy of digital and mobile
health (mHealth) technology for providing CPD to health care
workers, few studies have evaluated the potential of digital
health, specifically mHealth, in providing peer interaction and
mentorship for sustained education and training. The
investigation of mobile-networked communication technology
for health care provider CPD has been relatively understudied
in low-income settings [15].

Jhpiego (a Johns Hopkins University affiliate) has supported
CPD for health care providers and capacity building in multiple
low-resource settings for nearly 50 years. In leveraging strategies
to increase the accessibility of CPD programs, a heightened
focus has been placed on using digital training approaches,
including the provision of CPD through mobile phones [16-18].
Jhpiego recognizes that delivering lean, just-in-time learning
via mobile devices can support workplace-based practical
training, reduce in-person instruction time, support social peer
learning, and allow programs to reach greater numbers of
providers. As access to mobile technology continues to increase
among health care providers in LMICs, so does access to
platforms that foster virtual interaction and communication,
such as mobile instant messaging services (eg, WhatsApp) and
social media (eg, Facebook, Instagram, and Twitter). We believe
that health workers should receive greater social support to
improve retention rates, improve morale, and accelerate the
potential of social learning. Such findings have been
demonstrated in high-income countries, where social support
and virtual interaction were found to foster understanding and
learning among health care professionals and clinical students
[19,20]. Social and mobile platforms can be used for learning
and support broader, facility-based quality improvement efforts
with scalable efficiency. For these purposes, we have combined
the terms into a single phrase, mobile-social, to describe this
key intersection that warrants further investment for achieving
greater capacity-building impact. We are defining mobile-social
learning as a new methodology that is powerful for supporting
health care providers to improve their clinical capacity, learning,
and performance. A mobile-social learning approach
incorporates the following two aspects: the use of mobile
technology to increase access to digital learning opportunities
and social platforms that encourage the social aspect of learning
by facilitating professional networks for the sharing of
experiences and exchange of knowledge through virtual
communication.

Through mobile-social learning, mobile distance education is
provided to users and supplemented by web-based real-time
discussions and a collaborative learning approach. This allows
for opportunities for students to collaborate to construct
knowledge while promoting the development of learning
communities and supporting the learning process [21]. As part
of Jhpiego’s commitment to make learning available and
convenient to health workers anytime, anywhere, whether in
the workplace, on the road, or at home, we see fostering this
modality for learning and supporting peer learning as a great
investment. Given the dearth of literature that has assessed the
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efficacy and outcomes of mobile-social learning in LMICs, the
purpose of this integrative review was to explore the potential
of mobile-social learning to support capacity building and
improve the quality of CPD for health care providers in LMICs.

Methods

Search Strategy
A comprehensive literature search was undertaken using the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) recommendations to guide the search and
review process. Peer-reviewed literature published between
January 2016 and March 2021 was searched for on the PubMed,
CINAHL, and Embase bibliographic databases. A gray literature
search was also undertaken using Digital Square and the US
Agency for International Development mHealth database. Hand
searches of references from articles that were populated from
the search were also conducted to identify relevant articles that
may not have been identified using the search strategy. Searches
were conducted separately on each database using controlled
vocabulary supplemented with keywords and Medical Subject
Headings terms combined with the Boolean operators OR and
AND. The key terms and medical subject heading terms included
concepts pertaining to continuing education, virtual training,
health care providers, e-learning, mentorship, peer-to-peer
interaction, and LMICs (Multimedia Appendix 1).

Eligibility Criteria
Studies were included if they were written in English, took place
in an LMIC, and used mobile devices (eg, cellular phones,
smartphones, tablets, palmtops, and pocket PCs) to provide
continuing education and skill training to health care providers
or preprofessional students. We included studies in which mobile
platforms that fostered the concept of mobile-social learning
were used either solely or in conjunction with a traditional
face-to-face learning approach (eg, blended learning approach)
[9]. Interventions using mobile-social learning were defined as
any teaching, learning, or training intervention along with virtual
interaction delivered using wireless networking, mobile
telecommunication technology, multimedia messaging services,
or SMS text messaging through a mobile device [9]. Virtual
interaction among the eligible articles had to consist of either
peer-to-peer interactions or mentor interactions that bolstered
learning and professional support. Articles that did not evaluate
student learning outcomes from virtual continuing education
programs and that solely focused on program design and
feasibility were excluded.

Peer-reviewed studies were included in our synthesis in addition
to gray literature that was not peer-reviewed. Gray literature
included relevant programmatic reports, case reports, research
reports, presentations, and issue papers published by government
entities, nongovernmental organizations, and private
organizations. We included non–peer-reviewed gray literature
given the possibility of limited published research on this topic
coupled with the recent shift toward digital learning modalities
concurrent with the COVID-19 pandemic. Thus, including gray
literature allowed for an opportunity to highlight relevant work
that may not have otherwise been identified while providing a
balanced view of the evidence given the lack of peer-reviewed

studies on this topic [22]. Furthermore, this method mitigated
the risk of publication bias, which could potentially limit the
availability of research in a field that is novel and rapidly
growing [11,22].

Study Identification and Selection
The search yielded a total of 750 articles (PubMed: n=484,
64.5%; CINAHL: n=202, 26.9%; Embase: n=31, 4.1%; Digital
Square: n=22, 2.9%; US Agency for International Development
mHealth database: n=10, 1.3%) in addition to 2 articles that
were identified from a hand search of previously published
systematic reviews that assessed the use of digital health for
educating health care providers. Articles were imported into
Mendeley (Elsevier) and subsequently uploaded to the
systematic review tool Rayyan QCRI (Rayyan Systems Inc).
Duplicates were identified and excluded (104/750, 13.9%), thus
resulting in a total of 646 articles that were screened. Authors
DG, JB, and ET conducted title and abstract screening and
full-text screening. After title and abstract screening of the 646
articles, a total of 602 (93.2%) were excluded, with 44 (6.8%)
remaining for full-text screening. Disagreements among the
articles were identified and resolved through consensus (DG,
ET, and JB). Articles were then graded on their quality of
evidence using the Johns Hopkins Nursing Evidence Level and
Quality Guide [23]. This tool was selected as it has been
extensively used in the literature and provides grading criteria
for peer-reviewed studies along with experiential, nonresearch
evidence (eg, case reports, quality improvement guidelines, and
programmatic reports). The following factors were assessed in
evaluating the studies and determining the quality of evidence:
generalizability of the results, sample size, control, consistency
of the results, methodology, limitations, conclusions, and
recommendations [23]. After the articles were evaluated, the
research team made final agreements for inclusion.

Data Extraction and Analysis
Once the articles were agreed upon for inclusion by the research
team (DG, JB, and ET), data from the included articles were
extracted (DG). The extracted data from the included studies
consisted of the following categories: the country in which the
study was conducted, study design and methods, study aims,
participant characteristics, clinical focus, intervention and
comparisons, outcome measures, key findings, and limitations.
An integrated approach using data conversion was used, in
which quantitative and qualitative data were used to address
the research question. Quantitative data were transformed into
qualitative themes as described in Tashakkori and Teddlie [24].
The qualitization of quantitative data involves converting
quantitative data into qualitative themes in which data are
theoretically grouped based on concepts measured from
cross-sectional survey data [25-28]. Quantitative data were
operationalized based on the concepts that were measured, and
clusters of numeric data were transformed into qualitative
themes. Quantitative and qualitative data were inductively coded
line-by-line followed by the codes being categorized into
broader themes [28,29]. The identified themes included the
following: student perspectives on mobile-social learning, forms
of interaction and communication within mobile-social
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platforms, learning outcomes, and challenges to and facilitators
of mobile-social learning.

Conceptual Framework
Findings from the synthesis of the included studies were used
to develop a conceptual framework depicting mobile-social
learning (Figure 1). In this conceptual framework, virtual
learning and virtual engagement with peers or mentors foster
collaborative learning. Collaborative learning results in increased
engagement followed by improved learning outcomes and

performance. Collaborative learning can also increase health
care provider motivation and lead to improved outcomes and
performance. This relationship can also be reciprocal to
improved learning outcomes, contributing to increased
motivation among health care providers. We anticipate that this
model will be used in providing CPD for clinical professionals,
community health workers, and preclinical and clinical students
on a variety of platforms in low-resource settings where there
may be significant challenges in implementing and accessing
face-to-face CPD.

Figure 1. Mobile-social learning conceptual framework.

Results

Included Studies
A total of 31 articles were selected for inclusion (Figure 2).
Among the included articles, sub-Saharan Africa (28/31, 90%)
was the most represented geographical region [1,8,15-17,30-52].
Countries in Southeast Asia were represented in 10% (3/31) of
the studies [45,53,54], and 3% (1/31) of the studies included
participants across Africa, Asia, and South America [1]. A wide
array of health care cadres was targeted across the studies,
including nurses, physicians, midwives, community health
workers, public health specialists, hospital administrators, and
health officers. In addition, several studies (7/31, 23%) included
preprofessional clinical trainees (eg, nursing and medical
students) [32-34,37,50-52]. Of the 31 studies, 9 (29%) were
qualitative in design and were conducted using descriptive
thematic analysis, in-depth interviews, or focus groups
[8,15,30,32,34,36,40,41,50]. A total of 39% (12/31) of the

studies [1,16,31,33,35,37,45-48,51,54] were quantitative, with
most quantitative studies (10/12, 83%) having observational
cross-sectional designs. Of the 31 studies, 10 (32%) used both
quantitative and qualitative data collection [17,38,39,42-44,
49,52,53,55] (Multimedia Appendix 2 [1,8,15-17,29-54]).

There was diversity in the clinical topics that were represented
among the continuing education interventions. Nearly half
(14/31, 45%) of the interventions focused on clinical topics
pertaining to sexual and reproductive health (ie, maternal health,
basic emergency obstetric and newborn care, HIV and AIDS
prevention and treatment, treatment of sexually transmitted
infections, cervical cancer screening, and family planning)
[1,8,16,17,30,31,40-42,47,48,52,54,55]. Additional clinical
topics included primary care, general nursing practice and skills,
research, malnutrition, anesthesia, pediatric
hematology-oncology, integrated management of childhood
illnesses, nephrology, and orthopedics (Multimedia Appendix
3 [1,8,15-17,29-54]).
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Interventions
Most articles (25/31, 81%) used texting, mobile instant
messaging, or SMS text messaging to provide continuing
education content either as a stand-alone intervention or in
addition to other digital learning tools and blended learning
formats (eg, coupling SMS text messaging with traditional
face-to-face learning) [8,15-17,30-38,40,41,43,45,46,
48-52,55,56]. WhatsApp was the most commonly used platform
among the studies that used messaging services (17/31, 55%)
[8,15,30-34,36,37,43,46,48,50-52,55,56]. Telephone calls were
included in 16% (5/31) of the studies and were primarily used
between students and mentors to discuss and reinforce learning
content and for students to obtain feedback from mentors
[16,41,45,46,53]. Web-based courses that facilitated web-based
interactive discussions and commentary were used in 19% (6/31)
of the studies [1,42-46]. Of these 6 studies, 3 (50%) coupled
web-based courses with social media platforms such as
Facebook, Twitter, and Google groups, which served as an
adjunct to the course in facilitating learning and peer interaction
and engagement [1,43,44]. A total of 3% (1/31) of the studies
used Facebook as the sole platform in both providing educational
content and facilitating discussions between peers and mentors
[39] (Multimedia Appendix 3).

Acceptability
Across the studies that assessed student acceptability and student
satisfaction with the mobile-social interventions (16/31, 52%),
most participants strongly endorsed using mobile-social learning
for continuing education and were highly satisfied with the
platform [1,8,15,32,36-42,46,49,51,52,54,55]. Students regarded
the learning platforms as easily accessible, informative, and
user-friendly, with the social components improving
communication and knowledge sharing and fostering real-time
feedback. Students in a number of studies (12/16, 75%)
specifically highlighted the ability to receive real-time feedback
from peers or mentors as beneficial to clinical practice,
knowledge gains, and team building [8,15,31,
34-37,39,40,50,52,53].

Student Engagement
Articles that measured student engagement (16/31, 52%) within
the mobile-social learning platforms reported high levels of use
among students [1,15,31,33,36-39,43-45,48,50-52,55]. However,
the association between levels of engagement and learning
outcomes varied among the studies. Woods et al [31] noted that
students who regularly followed the WhatsApp learning group
had a clinically significant increase in the odds of having higher
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confidence in managing their patients (odds ratio 8.44, 95% CI
2.33-35.23; P<.05). Abiodun et al [37] noted that, although
students were highly engaged within WhatsApp groups, there
were no significant associations between the frequency of
reading messages and social-professional outcome measures.
Among the studies that coupled web-based learning modules
with social media interaction and discussions through Facebook
and WhatsApp, module completion rates were significantly
higher compared with standard massive open web-based course
completion [1,30,43,44].

Interaction With Peers
High levels of peer engagement and interaction were reported
among the included studies (19/31, 61%)
[1,15,30,32,34,38-40,42-44,46,49-52,54,57]. A dominant theme
that arose among the studies that assessed peer interaction was
the ability to engage in active knowledge sharing. Interventions
that fostered peer engagement and interaction through messaging
and discussion forums found that participants viewed the
interactive component and commentary as beneficial
[1,15,30,32,34,38-40,42-44,46,49-52,54,57]. CPD programs
that were augmented with social media found that peer support
was facilitated through social media platforms, which allowed
for real-time interactions and peer feedback and greater
understanding of course material [1,30,43,44]. The inclusion
of a peer support network was suggested by students in a study
that solely focused on virtual mentorship for cervical cancer
screening among nurses and did not include a virtual
peer-to-peer interaction component [40]. Students in this study
stated that, although they were actively engaged with mentors
virtually, they strongly believed that including a peer support
network or chat room to actively discuss clinical cases and
medical imaging in real time would be beneficial [40].

Interaction With Mentors
Mentorship occurred at varying degrees (eg, pairing a student
with a master mentor, assigning groups of students to a mentor,
and facilitators providing feedback to students in discussion
groups). Among the studies that included virtual mentorship
(24/31, 77%), students reported positive interactions with
mentors [1,8,15-17,34,35,38-41,43-54]. Mentorship occurred
through phone calls, texting, and video calls in which mentors
were able to provide remote support, real-time feedback, and
guidance to students along with reinforcement of key learning
messages and skills gained from educational modules and
training sessions. In studies where a blended training approach
was used, students emphasized the importance of having virtual
access to an expert for further questions and case discussions
after the initial on-site training [40,45]. Asiedu et al [37] noted
that, despite receiving positive feedback on the mobile
mentoring component from students, several students and
mentors voiced concerns that mobile mentoring on its own was
insufficient for posttraining follow-up and support. A few
mentors noted that it was difficult to sustain the process of
repeated telephone calls to students and that certain students
were not being honest about progress [37]. The intervention
implemented by Feldacker et al [42] did not contain a virtual
mentorship component; however, students highly suggested the
inclusion of virtual mentoring opportunities to supplement

learning. Similarly, an intervention in Kenya that used
WhatsApp mobile messaging for family planning learning did
not include a mentorship component; however, students voiced
the need for more mentorship support [55].

Learning Outcomes
Students who used mobile-social platforms reported positive
learning outcomes in most of the included articles (27/31, 87%)
[1,8,15,17,30-39,41-48,50,52,54,55,58]. Learning outcomes
included knowledge gains, improved clinical skills, positive
influences on clinical practice, and improved quality of service
delivery. Students emphasized the educational benefits of having
live case discussions with peers or mentors via the mobile-social
learning platforms, in which patient-related questions could be
addressed in real time along with consulting with peers or
mentors about complex clinical cases [8,15,
30,36,38,46,50,52,54]. Across the studies that combined
face-to-face learning with mobile-social learning (8/31, 26%),
digital platforms that supported mobile-social learning were
found to be instrumental in bridging the periods between
face-to-face meetings through the ability of the participants to
engage in continuous communication and feedback [52]. In
13% (4/31) of the studies where mobile messaging through peer
groups was used, participants stated that previous case
discussions with peers were used as a resource to which they
referred when presented with a complicated clinical case in their
practice. In addition, students cited using old case discussions
saved in group chats for self-study [31,34,38,41].

Of the 31 studies, 3 (10%) [16,17,49] compared mobile-social
learning platforms with traditional face-to-face interventions,
but these studies yielded varied results regarding learning
outcomes. Yigzaw et al [16] and Muhe et al [49] found no
significant differences between groups in the gains in knowledge
scores, whereas Ugwa et al [17] reported that the virtual learning
arm, which included mobile mentoring, led to better skill
performance at all assessment points compared with the
traditional arm, with the virtual arm performing better in all
competencies at 3 and 12 months after training.

Social Capital and Professional Integration
Social capital characterizes the relationships and interactions
between members of a social group [59]. Social capital
encompasses a culture of trust and tolerance in which extensive
networks of voluntary associations emerge that facilitate
coordination and cooperation for mutual benefit [60,61]. In
medicine, social capital has been tied to the realization of
lifelong learning opportunities, with digital engagement
contributing to the development and maintenance of social
capital [51,52]. Social capital typologies among the included
articles included emotional support, the formation of deeper
social connections with peers and colleagues, networking, and
non–work-related communication [8,15,30,33,37,39,42,51,52].
Students in the studies that measured social capital (9/31, 29%)
cited that virtual interaction with peers or mentors reduced
feelings of isolation. Participants stated that interactions helped
them maintain existing relationships while also developing and
strengthening new social ties, thus promoting professional
integration and improving team dynamics [33,34,37,51]. Pimmer
et al [33] and Abiodun et al [37] noted that participants with
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higher levels of active engagement also felt less isolated
professionally and had higher levels of social capital.

Challenges and Success Factors
Although positive feedback was elicited from students regarding
mobile-social learning, there were several challenges in the
implementation and use of the learning modality. Resource
challenges related to power cuts and maintenance of
uninterrupted internet access were primary barriers to the use
of the mobile-social learning platforms in several studies (14/31,
45%) [8,15,31,32,38,40,42-46,50,52,54]. Ugwa et al [17] cited
additional resource challenges pertaining to the unavailability
of equipment for students to translate what they learned on the
web into practice. The lack of time to participate in learning
programs because of conflicts with clinical schedules was a
challenge noted in 13% (4/31) of the studies [8,17,42,44].
However, 19% (6/31) of the studies highlighted that
mobile-social programs allowed for increased flexibility of
learning that could easily fit into students’ schedules and reduce
the need for travel to access face-to-face continuing education
programs, which could be challenging for health care providers
located in rural areas [1,32,42,43,49,54]. The costs of data
bundles and messaging services to support the programs were
cited as barriers in 10% (3/31) of the studies [41,49,52].
However, a few studies (6/31, 19%), including those that
mentioned cost as a barrier, stated that, over the long term,
distance learning approaches were more cost-effective compared
with traditional face-to-face programs [8,16,41,43,48,49].
Sociobehavioral challenges were also noted, such as certain
users engaging in inappropriate non–work-related discussions
on the learning platforms, low levels of active participation,
and low digital literacy [15,38,45,50]. In addition, hesitancy
among students to interact on platforms because of fear,
embarrassment, or lack of knowledge or awareness was cited
as a barrier [38,40]. Success factors that were noted among the
interventions included tailor-made content to meet the needs of
the participants, the flexibility of being able to access learning
content anytime and anywhere, and features that promoted
ongoing engagement and personal interactivity with peers and
mentors [1,8,15,17,30,32-35,37-39,42-47,49,51,52,54]. Peer
and mentor interaction allowed for direct personalized feedback,
the application of educational content from theory to clinical
practice by the students, self-direction for learning, and active
learning. Interaction with peers and mentors heightened
confidence and promoted empowerment among students, thus
leading to increased motivation to maintain newly acquired
knowledge and skills [31,40,41].

Discussion

Principal Findings
The use of a wide variety of mobile platforms has become a
common adjunct to traditional classroom-based pedagogy and,
in many cases, is the default strategy for curriculum
dissemination in many countries. However, even in the era of
increased uptake of mobile platforms for learning, multifaceted
approaches are needed for the diversity of learning needs and
preferences [42,62-64]. This integrative review demonstrates
that mobile platforms that foster mobile-social learning can

serve as an innovative method for providing health care workers
and preprofessional students with skill training and education
along with virtual interactive components. A major advantage
of these strategies is the ability to reach a widely dispersed
learner population residing in diverse geographic locations
[15,30,40,54]. Access to learning can be independent of time
specificity and open to the availability of repetitive exposure
to content in support of mastery learning. This evidence
synthesis demonstrates the added value of social learning
networks as interventions that enhance the utility and
effectiveness of internet-based learning platforms whether as
independent dissemination strategies or as part of blended
learning (hybrid) teaching and learning approaches. Social
networks serve as the interface between teachers, mentors,
independent learners, and the network of learners engaged in
the exploration of any single topic [65,66]. Social networks
through mobile platforms can be used to facilitate mobile-social
learning as a means of deeper exploration of the understanding
of content through peer engagement and interactive discussion
and the giving and receiving of feedback [66,67]. In addition,
this review highlighted the impact of mobile-social learning on
reducing feelings of professional isolation and increasing social
capital among health care workers. Increased social
connectedness and social presence can play a key role in team
building and increasing health care worker motivation and
confidence [68]. Improved health care worker motivation may
serve as a critical component in reducing attrition in LMICs,
thus improving workforce capacity within health systems.

The studies included in this review offered evidence for the
acceptability of the use of mobile platforms as an instructional
modality, viewing them as accessible and user-friendly. Learners
recognized and valued the addition of social interaction
strategies via these mobile platforms as measures to receive
affirmation of learning. This reinforcement offered by peers
and mentors affected the confidence of students when translating
learning into clinical practice. The interface of mobile learning
with social engagement in the learning process offered the
opportunity for meaningful interaction with a wider network of
learners and health workers. The ability to engage in real-time
discussion of clinical topics and resolution of clinical challenges
diminished feelings of isolation, extended the professional
network for collaboration when the next need might arise, and
expanded the opportunity to remain current with emerging
evidence underpinning clinical practice, thus affecting the
quality of service delivery.

The evidence synthesis also highlighted the challenges that are
inherent in the use of mobile-social learning
platforms—infrastructure challenges that are often more
complex in lower-resource settings. These include the tangible
costs associated with hardware, software, and network
connections. The intangible costs of the learning curve that
must be faced by each participant must also be considered in
the implementation of mobile-social learning programs as some
platforms are inherently more complex and less user-friendly
than others.
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Implications for Future Research and Practice
Several key areas of digital health research are needed to support
the efficacy of mobile-social learning. The use of digital
platforms is well-suited to measuring the utility of the approach
given that the platforms allow for the tracking of time and
frequency of use by individual learners, including the degree
to which these learners take advantage of the opportunities for
social interaction as an enhancement of learning. These data
are critical for the evaluation of the effectiveness of the
mobile-social teaching and learning strategy. In addition,
although mobile-social learning offers various advantages and
benefits, certain studies in our review (3/31, 10%) did not yield
significant learning outcomes among participants, with
participants in some studies citing that they preferred
face-to-face learning [16,17,49]. Thus, this underscores the
importance of providing multifaceted options in CPD to meet
the diversity of learning needs and preferences. Although most
studies that included virtual mentorship noted positive results
and favorability among participants, the health care
infrastructure and human resource constraints in many LMICs
may limit access and availability of mentors [69]. Thus, further
research is needed to assess how mentorship can be provided
without being an additional burden on health care systems and
personnel. More research is also needed on developing
mobile-social learning programs designed to fit local contexts.
Future studies should evaluate the use of recent technological
innovations such as augmented reality and virtual reality for
mobile-social learning. The included studies did not evaluate
the use of these platforms; however, these interventions are
gaining traction for the training of health care professionals and
preclinical students in high-income countries [70]. As
technology advances at a rapid pace, there is a need to explore
how such technological innovations can be accessible for health
care providers and students in lower-resource settings. Although
none of our included studies applied a gender lens to the
observed outcomes, it is generally acknowledged as a
moderating influence in health and education and, thus, should
be considered in the implementation of programs [64,71]. More
evidence generated through studies that are methodologically
rigorous while simultaneously allowing for lean, iterative, and
rapid-paced development and evaluation is needed to thoroughly
assess the benefits of mobile-social learning in comparison with
traditional learning modalities [72].

Central to the success of digital health interventions is the
knowledge of health informatics challenges that may be
experienced, particularly in environments where instability in
the digital and health infrastructure is common [73]. Developing
interventions that are designed to meet learning needs and
preferences will entail more representation of individuals from
LMICs in the technology development sector to inform the
development of digital tools that fit local country contexts
[74,75]. Although the included studies discussed challenges in
internet access as a barrier to accessing mobile-social learning
programs, there was limited discussion on the digital

environment in which these studies were implemented. When
developing, implementing, and expanding the use of digital
health programs that focus on mobile-social learning in LMICs,
it is essential to foster strong digital health ecosystems by
building and promoting partnerships between the relevant public
and private sectors [10,76,77]. Communication channels such
as WhatsApp are increasingly being used as a simple, low-cost,
and effective means of learning and communication within the
clinical health sector. However, more attention must be paid to
confidentiality, consent, and data security if individual client
data are being shared through these channels [78]. The roles
and responsibilities of medical professionals when using digital
platforms for mobile-social learning must be outlined along
with the development of guidelines and protocols to facilitate
the integration of mobile-social learning within digital and health
care infrastructures [78]. Thus, the standardization of policies
in the exchange and use of information between systems will
be critical in ensuring the usability and sustainability of
mobile-social learning programs [73,78,79].

Limitations
This study is not without limitations. Although we used a
comprehensive search strategy, we cannot guarantee that it
identified all relevant studies. However, the incorporation of
gray literature in our review reduced publication bias and
denoted experiential evidence that supported mobile-social
learning. Our search yielded studies that were predominantly
focused in sub-Saharan Africa (28/31, 90%), with only a few
studies (3/31, 10%) being conducted outside of that global
region. Thus, the findings we report cannot be generalized to
all LMIC settings given that sociocultural contexts, subjective
norms, health system contexts, and digital environments may
vary in different country settings. Finally, we only included
articles that were published in English; therefore, we could have
missed relevant articles published in other languages.

Conclusions
Mobile-social learning is a particularly useful modality for
curriculum dissemination and skill training, and the interface
of mobile and social learning offers an interaction effect that
can serve as a catalyst for improved learning outcomes coupled
with increased social capital. The mobile-social approach is by
its nature conducive to the dissemination of shorter segments
of key content packed in social platform formats that allow for
peer and mentor engagement and interactivity. The concurrent
enhancement of mobile curriculum dissemination apps,
embedding of proven social interaction strategies into those
apps, and development of more and newer user-friendly digital
learning opportunities will lead to greater opportunities for
learning and peer and mentor support in the interest of
improving the quality of health services. As more countries turn
to digital modalities of learning, it will be imperative for
programs to be adapted for both the technological ecosystem
and the local and national health care systems.
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Abstract

Artificial intelligence (AI) is on course to become a mainstay in the patient’s room, physician’s office, and the surgical suite.
Current advancements in health care technology might put future physicians in an insufficiently equipped position to deal with
the advancements and challenges brought about by AI and machine learning solutions. Physicians will be tasked regularly with
clinical decision-making with the assistance of AI-driven predictions. Present-day physicians are not trained to incorporate the
suggestions of such predictions on a regular basis nor are they knowledgeable in an ethical approach to incorporating AI in their
practice and evolving standards of care. Medical schools do not currently incorporate AI in their curriculum due to several factors,
including the lack of faculty expertise, the lack of evidence to support the growing desire by students to learn about AI, or the
lack of Liaison Committee on Medical Education’s guidance on AI in medical education. Medical schools should incorporate AI
in the curriculum as a longitudinal thread in current subjects. Current students should understand the breadth of AI tools, the
framework of engineering and designing AI solutions to clinical issues, and the role of data in the development of AI innovations.
Study cases in the curriculum should include an AI recommendation that may present critical decision-making challenges. Finally,
the ethical implications of AI in medicine must be at the forefront of any comprehensive medical education.

(JMIR Med Educ 2022;8(2):e35587)   doi:10.2196/35587
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Introduction

Artificial intelligence (AI) and its applications hold great
promise for solving many of health care’s global issues including
making diagnoses, facilitating diagnostics, decision-making,
big-data analytics, and administration [1,2]. AI has the potential
to solve the global doctor shortage and bring access to health
care to remote areas of the world [2].

Many fields of medicine have already seen benefit from the
practical application of AI. Examples include the detection of
atrial fibrillation, epilepsy seizures, and hypoglycemia, or the

diagnosis of disease based on histopathological examination or
medical imaging [3]. The use of AI is not limited to the fields
of radiology or pathology; rather, those fields are indicators of
the power of AI for image recognition, a singular form of data
that transverses many fields spanning from primary care practice
to urgent midsurgical decisions. Recent data show that every
specialty in medicine is exploring the use of AI in assisting
physicians [4]. Deep learning algorithms can make functional
sense of increasing amounts of data used by individuals daily
through wearables, smartphones, and other mobile monitoring
sensors in different areas of medicine [3]. AI will continue to
improve its capabilities to perform analysis and provide
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intelligent actionable recommendations on most forms of data
[5]. It is expected that the future advancements in AI will
permeate all aspects of medicine [6].

Disruption
As AI continues to make advancements in health care, it is not
without challenges. AI is met with resistance from physicians
ill-equipped for such an evolution of clinical practice [3]. It is
likely that physicians would benefit from the advancements of
AI, but an understandable fear of replacement may prevent these
opportunities. Furthermore, a lack of knowledge in AI can create
skepticism in the trustworthiness of a machine learning
prediction. This pushback may be preventing a large part of the
health care sector from adapting to AI as other professional
sectors continue to use AI solutions to advance their industries
[3].

AI will change the dynamics of the traditional clinician-patient
dyad to a much more ethically and emotionally complex
clinician-AI-patient triad. This will dramatically alter the trust
and accountability aspects with ethical, legal, and financial
implications [7]. Physicians must be prepared for this great
change [8].

Emerging technologies such as AI have the potential to disrupt
labor markets maintained through traditional education
programs. In order to be resilient to these market disruptions,
physician training programs will require change [9]. The current
undergraduate medical education (UME) curriculum is
increasingly out of sync with the new needs of an evolving
technology. Although most medical schools embrace change
and strive to regularly update the components of the medical
curriculum, a major overhaul is difficult to achieve and may be
a hindrance to the implementation of AI in the curriculum. The
path to significant curricular reform is difficult because of a
variety of factors, including deeply embedded values and the
accreditation process [10].

UME must begin to welcome the future and provide students
access to a broader scope of health care through AI. Knowledge
on data science, assessing algorithmic quality, and differentiating
among different AI products are necessary components of
medical education, which faculty must begin to incorporate.
Medical schools must begin to teach and nurture unique human
abilities that give physicians a competitive advantage over
computers to establish an irreplaceable role in the future [9].

What skills Do Physicians Need?
The practice of medicine is entering the age of AI in which the
use of data to improve clinical decision-making will grow,
bringing forth the need for skillful medicine-machine interaction
[11]. Educating the next generation of physicians with the right
techniques and adaptations to AI will enable them to become
part of this emerging data science revolution [8]. Currently,
there are different approaches for physicians to become
accompanied to AI. There are physicians taking courses in data
science, fellowship opportunities, and data scientists entering
medical education programs. These represent a small fraction
of the total physician population, and therefore a more
integrative and forward approach in UME is necessary.

Medical professionals need to be sufficiently trained in AI, its
advantages, and its potential to lower cost, improve quality, and
expand access to health care. Of equal importance, physicians
should be knowledgeable in its shortfalls such as transparency
and liability. AI needs to be seamlessly integrated across the
different aspects of the curriculum to achieve these goals [11].

When incorporating recommendations from AI solutions to a
patient’s course of treatment, physicians should be capable to
answer any concerns that patients may have. Perhaps even more
importantly, physicians are responsible for ensuring that AI
becomes a technology beneficial for patient care and not
possibly a cause of harm. The technological revolution raises
many challenges with regards to ethical considerations of
AI-based implementation in health care. Minority exclusions
in databases, issues with legal protections, and a decrease in
humanistic touch, among other ethical issues, raise concern for
an adaptation of AI in health care. These reasons bring forth
the importance of acquiring sufficient knowledge and experience
about AI, an obligation of high importance for future physicians
[12].

Medical schools should take necessary steps to educate students
with widespread knowledge of basic and clinical medicines
along with data science, biostatistics, bioethical implications of
AI, and evidence-based medicine. Part of a medical student’s
training should include developing the abilities to distinguish
correct information from rhetoric and to understand how to
create and disseminate thoroughly validated, trustworthy
information for patients and the public [12].

Suggested Steps
Currently, the state of AI in medical education is in its infancy
and speculative stages [13-16]. Previously, we have shown that
the majority of published literature on the topic call for change
in undergraduate medical education and that research is
necessary to support curricular changes [17]. Even so, few have
given thought to the steps that must be taken to create this
change. This is expected because of the difficulty in
implementing major curricular changes. Here, we provide an
outline of the perceived difficulties and offer solutions to resolve
these challenges (Table 1).

Medical school curricular changes are difficult to implement
due to resistance to change. This resistance is justified through
a lack of consensus on how to incorporate change and an already
busy curriculum. For this reason, proposing additional courses
or workload will likely be met with criticism from medical
education faculty in the best interest of medical students. On a
level of national infrastructure, these issues can be supported
by leaders of medical education and organizations. These
perceptions can be clarified easily through the addition of 1-3
questions on the annual Association of American Medical
Colleges Graduation Questionnaire to gauge interest and ability
over time from students. For example, the questionnaire can
ask for agreement on whether AI should be taught during UME,
what year of training it should be taught in, and how it should
be incorporated. These can translate into accreditation
requirements and drive change forward.
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Table 1. Multitiered solutions to include AIa in the medical education curriculum.

ExamplesLevels and target areas of improvement

National infrastructure

Questionnaire, materials, and guidanceAAMCb

Minimal requirements and expert panelsLCMEc

Longitudinal research on attitudes and quality improvementsMulti-institutional research

Individual school

Bioethics, bioinformatics, and medical AI experienceFaculty expansion

Introductory courses, benefits and pitfalls of AI, and ethics of AIBasic knowledge lessons

Multispecialty implications in previous cases and biostatistical implicationsCase-based learning

Student specific

Specialty-specific journals, health care systems journals, and AI in health care journalsJournal clubs or reading groups

Tumor board, radiology rotation, and point of care ultrasoundUse of AI in clinical setting

aAI: artificial intelligence.
bAAMC: Association of American Medical Colleges.
cLCME: Liaison Committee on Medical Education.

A more overarching question is how undergraduate medical
educators can unite to perform high-quality research on the
incorporation of AI in the curriculum. Would individual school
reports with differing standards in research and protocol do
justice to a necessary change across all undergraduate medical
education? A joint and united research effort from multiple
medical schools would provide a multifaceted and diverse input
on the issue and is necessary.

On an individual school level, investments of resources will be
necessary to create improvements in the curriculum. A
longitudinal AI thread throughout the UME should be advocated
to solve time and content constraint issues. Courses teaching
evidence-based medicine should incorporate an additional
perspective of evaluating the input of AI. Medical school faculty
may not be equipped to answer questions or discuss the role of
AI in evidence-based medicine. Therefore, it is imperative to
add clinician data scientists or computer science and engineering
faculty from other schools to medical school teaching faculty.

Students learning public health sciences must be introduced to
a background in AI in order to know what AI can and cannot
do for their future research and practices. It is far too difficult
to teach entire courses of AI in a medical school curriculum.
An introductory lecture to AI in medicine is a necessity and
should be advocated for. In most schools, the instructor will
likely be a data scientist, but it is important that the instructor
has teaching experience, is familiar with medical students, and
is conversant with the role of AI in medicine. Preferably, the
instructor will have already taught about the role of AI in
medicine previously in a computer science course. Most
importantly, instructors should have levels of competency in
bioethics to address the expansive ethical issues AI has brought
to health care.

Case-based learning and simulation learning can also incorporate
AI-based recommendations in clinical scenarios. By integrating
AI into cases and simulations, students can have exposure and

familiarity with AI-based solutions. Collaborating and managing
AI applications will require a deep understanding of probabilistic
reasoning and ethical consideration from medical students [10].
These lessons should be taught from faculty with knowledge
about the accuracy and interpretations of AI recommendations.
It is likely that medical schools will need to hire additional
faculty in this field to ensure quality delivery of AI in medicine
content.

Another suggestion is for institutions to offer access to AI in
web-based health care programs created at other institutions
(eg, Stanford University’s Artificial Intelligence in Healthcare
professional program). These programs are taught by faculty
who are world-renowned experts at the interface of health care
and AI, and the programs are available to medical students with
a cost. Providing access to a program will enable medical
schools to infuse new knowledge in a curriculum that could not
be provided otherwise.

On an individual student level, students can help drive change
in their education with a proactive engagement with AI.
Previously, we have shown that most of the current literature
agrees that medical students do not need to learn how to code
and create AI tools, but they should understand how AI works
and its limitations [17]. Students can read about AI
advancements in health care in medical journals. AI research
has a strong appearance in many leading journals, including
medical AI-themed journals. Reading the current trends in AI
in health care will inform and prepare students for the future of
health care. When combined with evidence-based medicine
learning at medical school, students will be able to assess the
integrity of AI research.

Students can expose themselves to AI in the clinical setting as
well. There are already reports of students receiving individual
portable ultrasounds with AI-driven software to help advance
their education [18,19]. Students can see AI applications in their
radiology rotations and discuss its role in clinical
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decision-making with radiologists and clinicians across different
specialties involved in patient care impacted by AI applications.
AI integration will be specialty specific, but AI as a whole will
likely be present across health care. For example, a tumor board,
consisting of radiologists, pathologists, oncologists, and
surgeons, is impacted by AI applications. Students can tailor
their exposure toward fields of interests. The suggestions above
apply to medical education as a whole and highlight the
importance and room for improvement in general medical
education. Specialty-specific AI topics would not be necessary
for UME but perhaps in residency and beyond. Nevertheless,
through a longitudinal curricular thread in AI, medical schools
can expose their students to a wide variety of specialties using
AI.

Lessons in decision-making with AI will apply to individuals
across the spectrum of health care, both in city and rural settings.
It is expected that AI will permeate various health care settings
because of its potential to expand access to health care.
Therefore, individual students should be prepared by learning
about AI no matter what area of medicine they choose.

A Methodological Approach

New medical curricular changes can have tremendous positive
and negative impacts on medical students. Additionally, a
change in curriculum such as the introduction of an entire novel
topic is a difficult task. Therefore, it is important that medical
education specialists across different regions work in unison to
create and assess the implemented changes. Educational research
is vital to assessing the effectiveness of different curricular
reforms [20]. One suggestion to achieving such success is to
begin a long-term study to measure the outcomes of different
implementations of AI in the curriculum.

Research measuring student and faculty attitudes, skill level,
and specific needs of AI in UME is crucial and urgent at this
point in time. Further efforts to incorporate these suggestions
should be measurable and have interpretable data to advance
the implementation of AI in UME. A concerted
multi-institutional study is a logical approach in order to achieve
these goals.

Medical education deans need to gather to discuss and plan AI
curricular reform. At the organizational level, medical education
governing bodies must enact and promote these changes. The
Liaison Committee on Medical Education should provide
suggestions and guidelines of how to best incorporate AI to
medical education through special committees.

In 2018, the American Medical Association called for “Research
regarding the effectiveness of AI instruction in medical
education on learning and clinical outcomes” [21]. Three years
later, the available literature suggests UME has been slow to
address this call [17]. Thus, further efforts should be made to
advance this original call into practice.

Conclusion

The current and future advancements of AI in medicine oblige
undergraduate medical educators to act and implement AI in
the curriculum. Longitudinal research plans are necessary to
effectively study how to best achieve these curricular changes.
Medical education governing bodies, medical education deans,
and medical education researchers should begin to implement
AI in the undergraduate medical education curriculum. Moving
forward with collective agreement from these entities will ensure
current students—our future physicians—receive adequate AI
exposure.
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Abstract

Background: The preparation of the current and future health workforce for the possibility of using artificial intelligence (AI)
in health care is a growing concern as AI applications emerge in various care settings and specializations. At present, there is no
obvious consensus among educators about what needs to be learned or how this learning may be supported or assessed.

Objective: Our study aims to explore health care education experts’ ideas and plans for preparing the health workforce to work
with AI and identify critical gaps in curriculum and educational resources across a national health care system.

Methods: A survey canvassed expert views on AI education for the health workforce in terms of educational strategies, subject
matter priorities, meaningful learning activities, desired attitudes, and skills. A total of 39 senior people from different health
workforce subgroups across Australia provided ratings and free-text responses in late 2020.

Results: The responses highlighted the importance of education on ethical implications, suitability of large data sets for use in
AI clinical applications, principles of machine learning, and specific diagnosis and treatment applications of AI as well as alterations
to cognitive load during clinical work and the interaction between humans and machines in clinical settings. Respondents also
outlined barriers to implementation, such as lack of governance structures and processes, resource constraints, and cultural
adjustment.

Conclusions: Further work around the world of the kind reported in this survey can assist educators and education authorities
who are responsible for preparing the health workforce to minimize the risks and realize the benefits of implementing AI in health
care.

(JMIR Med Educ 2022;8(2):e35223)   doi:10.2196/35223

KEYWORDS

artificial intelligence; curriculum; ethics; human-computer interaction; interprofessional education; machine learning; natural
language processing; professional development; robotics

Introduction

Background
Artificial intelligence (AI) is widely expected to have broad and
deep impacts on health care. In the past few years, several books
have appeared on this topic whose covers connect it variously

with business success, creative destruction, robotic assistance,
care that is more human, and treatment that is more precise.
Dozens of review papers have synthesized the growing body
of scientific literature focusing on applications in an array of
sociotechnical factors and care specializations: aged care,
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decision support, efficiencies, emergency medicine, ethics,
nursing, pathology, psychiatry, and workflows.

Across the board, a key consideration is how to prepare the
current and future health workforce for the possibility of using
AI in health care. The World Health Organization and many
national health systems around the world have flagged the
importance of a health workforce that understands how to work
properly with AI [1]. However, there is no straightforward
answer to the question of how to provide education and
professional development that prepares the health workforce
adequately to do so (this topic is not to be confused with the
use of AI-supported teaching techniques and learning analytics
tools in health professions education, as reviewed by Hasan
Sapci and Aylin Sapci [2]).

Disproportionately few peer-reviewed papers have been written
on this aspect of AI in health care. Those extant studies focus
chiefly on medical professionals [3-10]; there is scant reference
to other health professions (eg, nursing [11]) or the health
workforce broadly [12,13]. Almost all of them are commentaries
by individuals advocating for appropriate education and
development. A few papers are based on surveying the attitudes
or knowledge of current medical students about AI [14], and
one paper even offers a way to measure medical students’
readiness to learn about AI [15]. At present, there is no obvious
consensus among educators about what needs to be learned or
how this learning may be supported or assessed.

In Australia, although medical specialist colleges such as
radiology, dermatology, and ophthalmology are developing AI
competencies and training packages for their members, most
people in the health sector whose work will be affected by the
increased use of AI have minimal access to relevant education
or professional development. The Australian Alliance for
Artificial Intelligence in Healthcare—a nonprofit network of
>100 partners and stakeholders in academia, government,
consumer, clinical, industry organizations, and peak bodies
seeking to translate AI technologies into health services
[16]—offered a way to consult widely about how to approach
AI education and development for a national health workforce.
The Alliance’s Workforce Working Group, convened by KG
and JS, gave rise to a project to gather and share information
on how educational authorities are preparing Australia’s health
workforce to work with AI and what gaps in curriculum and
educational resources may need attention.

Objective
The aim of this paper is to provide an overview and summary
of educators’ ideas and plans for educating the health workforce
on the use of AI in health systems and services as a basis for
strategic planning, investment, and further research in this area.

Methods

Overview
We used an expert survey method to gather information about
AI education for the Australian health workforce. For the
purpose of this work, we followed the Australian Institute of
Health and Welfare (2019) definition to scope the health
workforce [17], covering the 15 kinds of health care practitioners

registered by the Australian Health Practitioner Regulation
Agency (AHPRA) Boards, as well as other health care
professionals (eg, audiologists and speech pathologists). Other
professionals such as health administration and support workers
(eg, health information managers, health technology suppliers,
and health researchers) were also considered. We considered
education that might be delivered in many contexts, such as a
formal study program for entry into the workforce, continuing
professional development endorsed as appropriate to maintain
currency in the workforce, postbasic training leading to
recognition as a specialist in the workforce, and an examination
to certify competence as required to practice legally in the
workforce.

Participants
The intended participants were individuals who self-identified
as having high-level expertise and experience in health
workforce education and development; importantly, they were
not required or expected to be experts in AI. They must indicate
a relevant role that they held currently in a related organization
for their responses to be included in this study; eligible roles
included but were not limited to manager, coordinator, director,
or committee chair (paid or unpaid) of an education or
development portfolio. Respondents might hold such a role in
more than one organization; they were not required to identify
themselves or their organizational affiliations. The responses
were expected to express the informed perspective of that
individual and were not expected to be the official view of any
organization. Although the exact number of potential
respondents was unknown, the Alliance’s Workforce Working
Group considered it feasible to reach at least 100 people.

Survey Design
A 6-part survey was developed based on a scan of scholarly and
gray literature about AI in health care. Our scan used search
terms that occurred in combination in items published during
the 2018-2020 period retrieved from Google Scholar and
Google, representing the three intersecting fields of interest: AI
(including expert systems, machine learning, and robotics),
health (including medicine, nursing, allied health, and digital
health), and education (including curriculum, teaching, and
professional development). The sources of general relevance
to our research are referenced in the Introduction section.

However, we found no existing question set suitable for our
purpose, so we selected definitions and terms from recent
authoritative sources. For example, we used a broad definition
of AI that included machine learning, natural language
processing, computer vision, and chatbots following the
Academy of Medical Royal Colleges in the United Kingdom
[18]. We derived a list of specific topics [19] and, for each topic,
we provided a brief scope note for non-AI experts [19-29]. We
derived a set of attitudes and beliefs from work by an
internationally recognized advocate for professional
development in the field of AI in medicine [30]. The survey
was worded so that it could capture perspectives on AI education
across professions and jurisdictions and allow for the expression
of ideas about educating for organizational and technological
change and social and global responsibility following the
recommendations by Frenk et al [31]. The survey sections were
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(1) roles held in relevant types of organizations, (2) educational
strategies and approaches in use or intended, (3) specific AI
topics that are important in education and current content
available, (4) learning activities and experiences that are
important to support education, (5) attitudes and beliefs about
AI that are important for education to address, and (6) additional
comments.

Part 1 provided a list of relevant types of organizations and was
the only section that was compulsory to complete; the others
could be skipped over. Parts 1, 2, and 6 provided free-text
response options. Parts 3, 4, and 5 provided 5-point Likert scale
response options for 12-15 statements each plus free-text
response options. The details of the survey items are presented
in Multimedia Appendix 1.

The survey items were piloted with members of the Alliance’s
Workforce Working Group. They found that the survey required
approximately half an hour to complete; this was considered a
possible deterrent but nevertheless an efficient way to elicit
initial input on a complex topic from a range of educational
experts.

Data Collection and Analysis
A survey website and web-based form were created and tested
using the Qualtrics (Qualtrics International, Inc) account of the
University of Melbourne, and responses were monitored and
summarized progressively during the period from October 2020
to December 2020 by GD. Recruitment occurred mainly through
the Alliance’s electronic communication channels with members
and partners, with periodic reminders and targeted follow-up
messages to publicly listed contacts of major organizations such
as the AHPRA Boards and professional colleges. Raw data were
stored on a secure Qualtrics server in Australia.

Data were deidentified and aggregated, and distinctive written
expressions were paraphrased so that no individual or
organization would be readily identifiable. Descriptive statistical
analysis of Likert scale data was performed using standard
software in Qualtrics; the low number of responses did not

warrant inferential analysis. Free-text data were thematically
analyzed using grounded theory. Data were coded by an
experienced qualitative analyst working independently (DC)
and then reviewed jointly with another analyst (KG) until they
reached an agreement on data interpretation and representation.
A detailed initial report on quantitative and qualitative data was
reviewed and critiqued by a meeting of the Alliance’s Workforce
Working Group before the data were summarized further for
publication.

Ethics Approval
This study received Human Research Ethics approval
(2056392.1) from the University of Melbourne.

Results

A total of 103 people accessed the survey website as recorded
by their responses to a verification question, of which 81
(78.6%) proceeded through the participant information home
page and a consent form webpage and clicked on the start survey
button. Of those 81 participants, 39 (48%) completed part 1, 29
(36%) completed part 2, 25 (31%) completed part 3, 23 (28%)
completed part 4, 23 (28%) completed part 5, and 15 (19%)
completed part 6.

Part 1: Educational Experts’ Focus Areas
Most of the 39 survey respondents who completed part 1 held
senior education-related roles in one or more education and
training organizations: 46% (18/39) had roles in universities or
other government-registered training organizations, and 17%
(7/39) had roles in unregistered professional or industry training
providers. The next largest group of respondents (5/39, 13%)
held senior education-related roles in government-registered
health care provider organizations. Of the remaining respondents
who specified an organization type, 5% (2/39) each were from
a national accrediting body, an independent medical research
institute, a professional association, or an industry association
and 3% (1/39) each were from an unregulated accrediting body
or health care provider. The details are summarized in Table 1.

Table 1. The organizations of the educational experts.

Respondents, n (%)Type of organizations where the experts were based

18 (46)Education and training provider within the scope of the Australian National Training System

7 (17)Other education and training provider

5 (13)Organization registered as a health care provider with the Australian Department of Health

2 (5)National board that registers practitioners and students and accredits education programs within the
scope of the Australian Health Practitioner Regulation Agency

2 (5)Independent medical research institute

2 (5)Professional association

2 (5)Industry association

2 (5)Organization type not otherwise specified

1 (3)Other organization that certifies or accredits individuals or programs

1 (3)Other organization that provides health care services

The health workforce of immediate focus for most survey
respondents (31/39, 80%) was working health care practitioners,

mainly those registered with AHPRA (respondents were
involved in education of enrolled nurses, medical professionals,
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midwives, nurse practitioners, paramedics, podiatrists,
physicians, and dental practitioners) and speech pathologists,
a nonregulated group. Four other workforce subgroups were
the main concern among 5% (2/39) and 10% (4/39) of
respondents: nonprofessional aged care, disability care, and
community care workers; health information communication
technology and health informatics workers; health data scientists
and biomedical researchers; and university students across the
range of the health workforce.

Part 2: Organizational Approaches to AI Education
There were 36% (29/81) of survey respondents who offered
insights into strategic thinking about how the current and future
health workforce will acquire knowledge and skills to work
with AI in health care. They identified distinct enablers and
barriers to implementing strategic actions. They also provided
examples of activities being planned or underway in their
organizations to support learning and development.

Organizational strategizing ranged across four stages: stage 0
(meaning not yet under consideration), stage 1 (meaning there
was consideration, exploration, and planning), stage 2 (meaning
implementation was being designed), and stage 3 (meaning
implementation was occurring). In some quarters, no strategic
thought was being given to workforce learning and development
for AI in health care; an example of stage 0 was “This has not
been a focus area at this point in time for this organisation.” An
example of stage 1 was “We use accreditation reports from
universities on how they are adapting their courses for the future
and meetings with health care and government stakeholders.”
Some consideration, exploration, and formal planning
approaches were underway, formulating initial ideas about what
AI education was relevant for the current and future workforce.
Respondents described overarching strategic considerations
such as the clinical currency of the workforce and the upskilling
of the workforce to display excellence in care. Among the
approaches in which they were involved, they reported horizon
scanning, identifying future roles for the profession, aggregating
feedback from staff about professional knowledge gaps with
impacts on service delivery and outcomes, consulting with
senior leadership, and reviewing government policies and sector
literature. More formal planning that they reported included
conducting a review of professional performance frameworks
and accreditation reports from universities, establishing advisory
groups, instigating future needs planning within committees,
and meeting with government stakeholders, as well as
referencing AI education in strategy and planning documents.
An example of stage 2 was “The inclusion of AI/ML [artificial
intelligence and machine learning]...in all courses to prepare
graduates for the workforce of the future is of great strategic
importance and strategies are in place to commence this work.”
This stage was marked by educational design strategies such as
planning to integrate AI topics in graduate coursework, taking
AI in health care into account when conducting a curriculum
review, and planning specific content for continuing professional
development. An example of stage 3 was the implementation
of “specialized courses, micro-credits, for medical school
students.” Respondents at this stage gave examples of specific
activities that organizations were undertaking. These included
developing specialized training courses, publishing articles in

member newsletters to create awareness, promoting AI and
ethics education in health care, using emerging and new
technology in the delivery of education, and using simulated
training in education.

Seven themes emerged to describe key opportunities and
enablers of these organizational strategies: mobilization of
expertise, influential leadership, leveraging collaborations,
expanding continuing professional development, higher
education planning and programming, government drivers, and
health service improvements. Respondents saw possibilities to
access academic expertise on AI and its applications, establish
links with and participate in networks of experts, and become
involved in consultative forums. They perceived that the
championing of AI education for the health workforce was
facilitated by dynamic thinkers who hold senior roles within
organizations and by instrumental health care and academic
stakeholders who are rallying to have greater influence. They
also reported that there were strategic opportunities available
within their organizations; for instance, to forge cross-sector
collaborations, leverage support from medical colleges for AI
education, and capitalize on investments in AI hubs. A further
suggestion was that AI education for the health workforce could
be facilitated by advocating for health service improvements;
in other words, for infrastructure and quality improvements that
would give rise to better patient experiences and outcomes and
increased productivity and economic benefits. Already existing
requirements for continuing professional development were
recognized as enablers; continuing professional development
initiatives around AI could upskill people in the workforce,
including those in clinical and supervisory roles. Similarly,
survey respondents looked to find ways through higher
education planning and programming to use university
resources, invest in academic teaching in the area, integrate AI
applications in the design of instructional delivery, and
comprehensively review courses so as to implement AI
education within them. Respondents thought that government
policy development, endorsement, and support were important
drivers of AI education for the health workforce; for example,
“a strong desire from the Health Department as a policy maker,
funder and implementer.”

There were three major kinds of challenges and barriers to these
organizational strategies: the lack of governance structures and
processes, resource constraints, and cultural unreadiness.
Respondents described ambiguity about the roles of workforce
organizations and government departments in AI education for
the health workforce and no clarity around processes for further
investment in this area; a respondent said that “whilst we track
and identify and amplify emerging issues...it still needs
government regulation and funding to make the changes called
for.” Resource constraints consisted of interrelated human, time,
and funding issues. Human resource challenges were identified
as “lack of a dedicated workforce” and limitations in expertise
in the form of “not having a strong background in technology
in healthcare” and “access to skills and consultants.” Time issues
commented on were “competing priorities” and “curriculum
already over-burdened.” Funding constraints were described as
“limited university resources, poor external support from
government,” “funding to do meaningful research and ongoing
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education,” and “funding to access and deploy technological
solutions.” In terms of cultural unreadiness for AI education,
respondents described “a challenge as we bridge the gap between
the early and late adopters”; “a combination of resisting
everything new, lack of knowledge in the area and complexity
of implementing in an already over-stuffed curriculum”; and
“compartmentalisation of the educational program.”

Activities that respondents reported preparing or implementing
in their organizations to advance workforce knowledge and skill
building regarding AI included auditing their current resources
and skills, engaging stakeholders and developing research
programs to improve engagement, conducting expert and
stakeholder focus groups to identify growth opportunities,
mobilizing capability and potential collaborations, providing
relevant work placements, scoping current courses and
qualifications available, and doing a gap analysis. Specific
examples included seeking “high level advice on workforce
future needs, and ways in which new course structures can
enable that”; developing “surveys, prompt cards, reference
videos, face-to-face training sessions, reference manuals,
escalation plans”; proposing “short, non-compulsory, advanced
courses for medical under- and post-graduates”; and using
AI-enabled web-based learning platforms.

Part 3: AI Educational Content and Provision
Approximately 31% (25/81) of survey respondents ranked a list
of specific topics that could potentially be considered essential
for health workforce competence in the next decade and judged
whether the related education available to the health workforce
at the time of the survey was sufficient to meet the need. Figure
1 shows the topics deemed essential, juxtaposed with the
adjudged adequacy of the education being provided.
Discrepancies between the importance of a topic and the
adequacy of current education provision were consistently
observed across all topics. Most respondents agreed or strongly
agreed on the importance of three essential topics: criteria for
judging whether large data sets are suitable for use in high-value
clinical AI applications (20/25, 81%), general ethical
implications (20/25, 81%), and machine learning (19/81, 76%).
In contrast, only 15% (4/25), 22% (6/25), and 14% (4/25) of
respondents agreed that these 3 topics were being taught
adequately, respectively. This contrast was apparent even in the
two topics that were ranked lowest although still considered
essential by over half of respondents—natural language
processing (15/25, 59%) and robotic process automation (14/25,
55%)—and only 14% (4/25) and 10% (3/25) of respondents
thought that current education provision was adequate on each
topic, respectively.

Figure 1. Artificial intelligence topics essential to teach and now taught. AI: artificial intelligence.

Table 2 synthesizes and paraphrases the respondents’ free-text
comments elaborating on this part of the survey, with a few
particularly pointed remarks quoted in full. The respondents
also outlined additional AI education topics that they considered
essential related to privacy, data security, product evaluation
(including knowledge of adverse events), data accuracy, and

representativeness of data sets for the Australian context.
Additional importance was placed on “explainability, ...
education in AI/ML programming using open source tools, AI
governance skills,” and preparing the workforce for “what to
do when AI stops working.”
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Table 2. Comments on artificial intelligence (AI) educational content.

Key themes and remarksaTopics

Criteria for judging whether large data sets are suitable
for use in high-value clinical AI applications

• Need for understanding the use of algorithms in machine learning
• Limited access to informational resources for current students enrolled in clinical

degrees
• Useful and relevant topic for research training and participation

General ethical implications • Complex area
• Tailoring breadth and depth of training and informational tools would be warranted

for different roles and contexts
• “This is a minefield area!”

Machine learning—neural networks and deep learning • Specific concepts to include the applications, implications, consequences, and limita-
tions of using machine learning

• Focus on future needs
• Targeted and focused development of a group of individuals rather than the whole

workforce

Specific patient engagement and adherence applications • Specialized training needs will be required depending on the care pathway, specific
apps, and progress of these technologies

• Having established governance structures around value-based health care to comple-
ment education

• Changes to cognitive load within overall clinical workflow
• Tailoring levels of educational uptake for different disciplines
• “Models of care using these tools need to be built and clinically governed”

Changes to cognitive load within overall clinical workflow • Tailoring levels of educational uptake for different disciplines

Change management processes when AI is integrated
within clinical workflows

• Not currently part of education for health care practitioners
• “All of our training is still delivered face-to-face”

Human-machine interaction in clinical settings • Lack of informational access to this topic for current students in clinical degrees
• This topic could be reframed as part of ethical issue training

Specific diagnosis and treatment applications of AI • Might not be relevant to certain workforce roles
• End users of specific diagnosis and treatment applications of AI might not require in-

depth specialist training and education
• This area will need to evolve to meet future needs (ie, development of standards and

clinical governance regarding skill competencies)

Specific administrative applications • Area of interest given that a workforce competent in specific administrative applications
would bring about productivity and clinical quality benefits

• Digital and ICTb specialist workforce will require knowledge of specific administrative
applications; the health care workforce could contribute by providing clinical input
in this area

• AI and process automation in the area of change management
• Inclusion of risk management strategies in education and training
• “Knowing about the very many near misses is more important for the purposes of re-

fining AIMLc than critical incidents alone”

Rule-based expert systems • Area of great potential and benefit (ie, reduction in cognitive load errors in emergency
and intensive care settings)

• Further analysis required to understand the health workforce’s receptivity toward using
rule-based expert systems and the implications for clinical practice in the next decade

• Specific health knowledge management applications

Specific health knowledge management applications • Limited access to resources (ie, databases)
• Participation in research projects was a way to promote learning
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Key themes and remarksaTopics

• Highly relevant to medical professionals, nursing, aged care, and allied health
• A lack of clarity around the implications of using physical robots in clinical practice

(ie, concrete examples would be required to understand how health workforce job
roles might interact with physical robots)

• The need for training to be value-adding to ensure that physical robots improve and
do not hinder health care workflow

• “Doctors probably learn more about robots from their kids’ toys than from their
training.”

Physical robots

• Lack of access to real-world health data to teach learners about using algorithms;
limited number of education opportunities and digital health literacy resources to
support learning

• The clinical workforce might only require a general understanding of how NLP tools
work, its applications, limitations, and consequences of use in health care

• Expertise of NLP specialists could be leveraged

NLPd

• Important for the digital and ICT workforce to acquire skills in this area to support
the health workforce in automating processes

• Health workforce could benefit from greater knowledge of ways to identify opportu-
nities to apply RPA.

RPAe

aPointed remarks are in quotes.
bICT: information and communication technology.
cAIML: artificial intelligence and machine learning.
dNLP: natural language processing.
eRPA: robotic process automation.

Part 4: AI Educational Methods
Approximately 19% (23/81) of survey respondents addressed
a set of 12 statements describing educational learning activities
that could be used to build knowledge and skills for working
with AI in health care and rated them according to the value
they perceived each method to have (Figure 2). In total, 6

methods of learning were thought to be highly or very highly
valuable by two-third (15/23, 67%) to three-quarter (17/23,
74%) of respondents, whereas only two methods were thought
valuable by fewer than half of all respondents; namely, practice
in testing models for vulnerability (11/23, 46%) and practice in
wrangling data (8/23, 36%).

Figure 2. Value of different educational methods to teach artificial intelligence (AI).
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Part 5: Education Regarding AI Attitudes and Beliefs
Approximately 28% (23/81) of survey respondents considered
a set of 12 statements describing poorly informed but widely
held attitudes and beliefs about AI and rated them according to
the importance of addressing them in AI education (Figure 3).
A total of 7 attitudes were considered highly or very highly

necessary to address in education by most respondents (between
12/23, 52% and 14/23, 63%). In total, 63% (14/23) of
respondents were undecided about the following statement—The
area under the curve (AUC) of the receiver operating curve
(ROC) is a good indicator of the performance of the algorithm
underlying an AI tool—with fewer than one-quarter (5/23, 22%)
rating it important for education to address this belief.

Figure 3. Importance of education to address attitudes and beliefs about artificial intelligence (AI).

Discussion

Principal Findings
This survey gathered detailed observations about AI education
from a range of experts in senior roles associated with health
workforce training and professional development. Their thought
leadership reflects an array of mainstream health care
professions as well as important groups who are ancillary to
frontline health care workers. Responses to this survey showed
that many different health workforce subgroups and interest
groups have a stake in education and professional development
on AI in health care; this is not only of concern in selected
medical specializations but also in fields ranging from aged
care to speech pathology. As this study reached throughout a
national health system and elicited responses from a wide range
of senior stakeholders and influencers in health workforce
education and professional development, it makes a distinctive
contribution compared with much of the previously published
work on this topic, which reflects expert perspectives of
individuals or narrowly defined workforce subgroups.

The development of the survey instrument was informed by a
multifaceted view of the curriculum, so it elicited ideas not only
about what should be learned (topics) but also how (learning
activities), why (attitudes and beliefs), and the mechanisms
helping and hindering educational change (strategic actions).
Basing the survey around accepted concepts and definitions of
AI in health care from published literature aided in clarifying

priorities and avoided overlooking major aspects of AI education
for the health workforce. Furthermore, the content of the survey
itself may have served an informational, informal learning
purpose for some of the people who started but did not complete
it. By increasing their awareness of AI in health care, the survey
project may have prompted some respondents to give further
attention to this immature area of health workforce education
and professional development. The design of the survey is such
that it may be adapted and reused in other settings and could
support longitudinal research over time as this aspect of
workforce education and development matures.

Responses showed that the health sector is broadly in agreement
but, on the whole, has not progressed far in plans to address this
workforce need. In some quarters, it is possibly misdirected.
For example, some responses conflated AI with health data
analytics and digital health generally, which would dilute the
deeper understanding of the implications of AI; some of the
strategies proposed using AI-supported teaching techniques and
learning analytics tools, which per se would not lead to a deeper
understanding of AI-supported health care. Many varied
opportunities and enablers of action were identified, suggesting
optimism about the ability to make progress on this area of
workforce education; the systemic challenges and barriers
mentioned were fewer, although they presented substantial
roadblocks.

The results also highlighted the priorities for education to
address social and technical facets of AI, including ethical
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implications, suitability of large data sets for use in AI clinical
applications, principles of machine learning, and specific
diagnosis and treatment applications of AI as well as alterations
to cognitive load during clinical work and the interaction
between humans and machines in clinical settings. Although
identification of priorities represents a first step, there are many
activities such as capability building among educators and
competency-based content development that are needed before
implementation can occur at scale in health workforce education.
The respondents also outlined barriers to implementation, which
included a lack of governance structures and processes, resource
constraints, and cultural adjustment. These are ubiquitous and
represent major challenges; they are not specific to education
in AI but are known to affect other areas, too, such as education
to prepare the workforce for digital health generally [32].

Among the responses were almost no examples of educational
resources or approaches that would build or benchmark
competencies to work in interprofessional health care settings
or in international contexts. Having noted this, resource
constraints and development costs may be ameliorated if
educators are aware of a number of web-based resources already
in existence. The Australian eHealth Research Centre has
compiled a series of real-world use cases of AI in health care
for public information and education [33]. Around the world,
a selective list of useful foundations for workforce education
and development includes the Coursera AI course catalogue
[34], the collection of readings on machine learning and AI on
Medium [35], the AI Adventures playlist of Google Cloud Tech
[36], a UK National Health Service and University of
Manchester interprofessional course on AI for health care [37],
and a certification examination and supporting learning and
professional development overseen by a multidisciplinary
advisory group of domain experts in the American Board of
Artificial Intelligence in Medicine [38].

Limitations
Although the results reflected a cross-section of professions,
organizations, and jurisdictions, they do not have statistical
power. It was not possible to calculate a participation rate;
overall, web-based access numbers met the minimum
expectations of the potential reach of the survey, but completion

numbers fell short. The survey required complex responses from
a group of respondents known to be time-poor; therefore, survey
fatigue likely accounted for some of the difference between the
number who started and the number who completed all sections.
Nevertheless, this was the most efficient method available to
the researchers to begin a national interprofessional
investigation, and it provides material that can be used in
follow-up workshops for subgroups of those targeted in the
survey.

Furthermore, the survey yielded valuable qualitative data; the
free-text responses were thoughtful and extensive, and they
provide a consolidated view of Australian educational experts’
observations and aspirations regarding AI education for the
health workforce. This study was the first of its kind and not
only in Australia; however, it is only a first step in work toward
education and professional development on AI that is delivered
efficiently to the whole health workforce as well as tailored
carefully for different roles and responsibilities within it.

Conclusions
This survey provides a baseline for further work by those
responsible for enabling the health workforce as the optimization
and ramifications of AI in health care unfold. These are early
days in supporting the current and future health workforce to
be able to work safely and effectively with AI, but the situation
is evolving rapidly. There are calls for this work to proceed in
partnership between education providers and AI technology
providers to ensure that uniform training is available across
health care subgroups and jurisdictions [39]. The methodology
used to design and conduct this survey can be adapted for use
in other health systems beyond Australia. From other areas of
education on health informatics and digital health, we know
that some topics and questions will be of global interest and
concern, whereas other topics and questions will need to be
customized to the distinctive social, political, and technical
contexts of particular regional and national health care systems.
Wider administration of surveys such as this one and detailed
work to address the priority learning needs will assist educators
and education authorities around the world who are responsible
for preparing the health workforce to minimize the risks and
realize the benefits of implementing AI in health care.
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Abstract

Background: Strengthening the national health information system is one of Ethiopia’s priority transformation agendas. A
well-trained and competent workforce is the essential ingredient to a strong health information system. However, this workforce
has neither been quantified nor characterized well, and there is no roadmap of required human resources to enhance the national
health information system.

Objective: We aimed to determine the current state of the health information system workforce and to forecast the human
resources needed for the health information system by 2030.

Methods: We conducted a survey to estimate the current number of individuals employed in the health information system unit
and the turnover rate. Document review and key-informant interviews were used to collect current human resources and available
health information system position data from 110 institutions, including the Ministry of Health, federal agencies, regional health
bureaus, zonal health departments, district health offices, and health facilities. The Delphi technique was used to forecast human
resources required for the health information system in the next ten years: 3 rounds of workshops with experts from the Ministry
of Health, universities, agencies, and regional health bureaus were held. In the first expert meeting, we set criteria, which was
followed by expert suggestions and feedback.

Results: As of April 2020, there were 10,344 health information system professionals working in the governmental health
system. Nearly 95% (20/21) of district health offices and 86.7% (26/30) of health centers reported that the current number of
health information system positions was inadequate. In the period from June 2015 to June 2019, health information technicians
had high turnover (48/244, 19.7%) at all levels of the health system. In the next ten years, we estimate that 50,656 health information
system professionals will be needed to effectively implement the Ethiopia's national health information system.

Conclusions: Current health information system–related staffing levels were found to be inadequate. To meet the estimated
need of 50,656 multidisciplinary health information system professionals by 2030, the Ministry of Health and regional health
bureaus, in collaboration with partners and academic institutions, need to work on retaining existing and training additional health
information system professionals.
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Introduction

A health information system integrates data generation,
compilation, analysis, and synthesis, as well as the reporting
and use of the information in evidence-based decision-making.
The system can be a hybrid of both electronic and paper-based
data collection from health institutions and other related sectors
and ensures overall data quality. A strong health information
system is central to achieving better health outcomes and is the
backbone of a strong health system [1].

Strengthening the Ethiopia’s health information system, so that
it can produce quality and actionable health data, is critical for
planning, mobilizing resources, establishing policies, monitoring
health health-related activities and performance [2]. The
Ministry of Health of Ethiopia has set strategies to establish a
well-functioning health information system with the aim to
improve evidence-based decision-making through enhanced
partnership, harmonization, and alignment, including the
integration of projects and programs at the point of health
service delivery [3].

An effective health system is a function of multiple factors.
Among the 6 building blocks of its framework for health
systems, the World Health Organization includes human
resources [4,5]. Human resources consume the most financial
resources in the health sector; human resources also influence
the efficiency and effectiveness of other health system building
blocks. Although health sector–related human resources have
been persistently neglected for years, currently, more attention
is being paid to human resources which is considered, both by
the global health community and national governments, to be
a critical component in improving health outcome [4,6,7]. An
adequate amount and mix of skilled human resources are
essential at all levels of the health system. The level and mix
of human resources required depend on the goals and objectives
of a specific health system [6,8-10].

Globally, countries have been challenged by health care
workforce shortages and uneven distribution of skills and
professions [11]. The problem is worse in low- and
middle-income countries. Ethiopia is one of the countries listed
by the World Health Organization as having a health workforce
crisis [12]. The implementation of a health information system
in Ethiopia has been challenged with shortages of skilled human
resources, a poor distribution of professions, and high attrition
rates at all levels of the health system for activities that include
the collection of reliable and complete information, data analysis
and interpretation, and effective use of data for planning and
decision-making [11,13].

Even though the country has set strategies to strengthen the
health information system, the need for health information
system human resources has not been quantified or
characterized. Shortages, low skill, and uneven distributions in
the workforce will be aggravated with time due to factors such
as an expansion of health facilities, population growth, new
technology in the health system, individual levels of

performance, turnover rates, and health policy [14,15]. Higher
education institutions in Ethiopia have shown interest in health
information system workforce development; however, there is
no national roadmap. Currently, some health science colleges
and public universities have opened Diploma and Bachelor of
Science Health Information System programs. In addition, some
universities have started postgraduate-level Health Informatics
programs.

Determining the performance level of the current workforce
will help to identify the skills and knowledge required by those
jobs and the human resources needed [16]—forecasting
considers existing and future human resources–related demand
and plans at all levels of the health system. Estimating future
health information system human resources is also expected to
help in addressing the issues of employing, educating, allocating,
retaining, motivating, and managing the workforce, to ultimately
improve the health information system.

Delphi is one technique used [17-19] for forecasting
requirements. It is particularly helpful when the area of
investigation does not allow for the use of analytical techniques
but is suitable for expert opinion. The technique helps to
facilitate a structured and systematic group communication
process [19]. The Delphi technique allows efficient use of
experts’ diverse knowledge and experiences for the prediction
of future human resources demand, despite limitations such as
the inability to take into account complex factors that cannot
always be predicted accurately by experts [18,20-22].

We aimed to determine the current status of the health
information system workforce and forecast the human resources
required for the health information system by 2030.

Methods

Ethics
The study protocol was reviewed and approved by ethical review
board of the University of Gondar (number RCS/768/19).
Informed consent was obtained from each study participant. A
letter of permission was also obtained from each regional health
bureau. The names of participants and other personal identifiers
were not collected in the study.

Study Design
From June 2019 to April 2020, we conducted a national-level
assessment of the health information system in Ethiopia in all
regions and 2 city administrations to estimate the current amount
of human resources and the turnover rate. We collected data
from a total of 110 organizations: the Ministry of Health, 4
federal agencies, 11 regional health bureaus, 18 zonal health
departments, 21 district health offices, 5 referral hospitals, 12
general hospitals, 8 primary hospitals, and 30 health centers. A
total of 278 institution heads, planning department heads, and
health management information system heads were interviewed.

We asked each facility and organization to collect and send
information on required human resources to the ministry of
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health officials, and then, these data were used to forecast
national human resources requirements. We use the Delphi
technique—3 rounds of workshops were held with experts from
the Ministry of Health, universities, agencies, and regional
health bureaus.

Operational Definition
We defined health information system professionals as
professionals in the fields health informatics, health system,
health management, computer science and information
technology, monitoring and evaluation, and biostatistics and
other professionals who are directly involved in technical health
information system activities such as planning, monitoring and
evaluation, system analysis and design, and system
administration.

Data Collection
A team (2 to 5 data collectors) was assigned in each region.
Two days of training were provided to data collectors. Data
collectors were health informatics, health service management,
monitoring and evaluation, biostatistics, and health economics
professionals. Health system experts from the Policy Plan
Monitoring and Evaluation Directorate of the Ministry of Health
participated as supervisors. Interview and document review
methods were used to collect data.

Delphi Process
Experts and policy makers from the Ministry of Health and
experts from universities, federal agencies, regional health
bureaus, and other stakeholders were involved in each round.
A total of 13 experts were involved in the forecasting process.

Data collected from the facilities and organizations were used
to identify and prioritize major factors that could affect estimates
for human resources for health information system. A total of
14 criteria were listed for rating, of which future expansion
plans, the existing amount of human resources for health
information system, the number of organizations, the number
of standard health information system positions, and the turnover
(or attrition) rate were selected based on ratings to be used for
forecasting human resources requirements by 2030.

For the validation process, variables such as current number of
health information system positions, currently available health
information system workforce, and human resources required
for health information system had no variation across facilities.
These data did not differ across facilities and were found to be
normally distributed (through visual assessment of the
histograms).

Results

Current Human Resources

Overview
A total of 10,344 health information system workers were found
to be actively working at different levels of the health system
as of April 2020. Approximately half (5685/10,344, 55.0%)
were diploma-level health information technicians. Staff had
an average of 3 years of professional work experience. At the
Ministry of Health, 24 employees worked in health information

system–related positions (health science: 6/24, 25%; computer
science: 6/24 (25%); health informatics: 4/24, 16.7%).

In regional health bureaus, there were 160 health information
system–related professionals (health science: 48/160, 30%;
computer science: 48/160, 30%; health informatics: 20/160,
12.5%). In all district health offices, a total of 45 workers were
assigned to health information system–related activities, of
which 19 (42%) were diploma-level health information
technicians. Between April 2015 and April 2020, a total of 218
employees left their jobs; diploma-level health information
technicians had the highest turnover rate (48/244, 19.7%) at the
national level.

We found that health informatics, information technology, health
information technician, environmental health, monitoring and
evaluation, public health officer, health economics, statistics,
Master of Public Health, business management, management,
nursing, health officer and computer science graduates were
currently working on health information system–related
activities at each level of the health system.

Health Information System–Related Positions
The Ministry of Health had 13 health information system
positions; however, it was reported that the current number of
positions was not adequate, and it was suggested that the number
be increased to 40. Federal agencies had an average of 14
positions. Regional health bureaus had an average of 6 positions,
and 10 of 11 regional health bureaus reported not having an
adequate number of positions; it was suggested that the number
of positions be increased to 8 per region. The average number
of health information system positions for zonal health
department was 2. Fifteen zonal health offices and departments
reported having an inadequate number of health information
system positions; it was suggested that the number of positions
be increased to an average of 4. District health offices had an
average of 2 positions. Of those assessed, only 68.2% (30/44)
had budgeted for health information system position; 95%
(20/21) reported that current number of positions was not
adequate and suggested that that the number of positions be
increased to 5 per district. Health centers had an average of 1
health information system position; the majority (26/30, 86.7%)
suggested that the number of positions be increased to 3 per
health center. Three-quarters (6/8, 75%) of the primary hospitals
reported not having an adequate number of positions and
suggested having 5 positions per primary hospital. General
hospitals had an average of 4 health information system
positions, and the majority (9/12, 75%) reported that the number
of positions was inadequate. Specialized or referral
comprehensive hospitals had an average of 6 health information
system positions, of which 80% (4/5) were budgeted. The
majority (4/5, 80%) of comprehensive specialized or referral
hospitals reported that the existing number of health information
system positions was inadequate and suggested having 19
positions per specialized or referral hospital (Table S1 in
Multimedia Appendix 1).
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Estimated Human Resources Needed by 2030

Overview
The Delphi technique was implemented in 2 weeks, and 8
criteria were used to forecast human resources requirements by
2030: future expansion plan, current amount of human resources,
current number of organizations, number of standard health
information system positions, eHealth initiatives, strategic plan,
budget for health, and turnover (or attrition) rate (Table S4 in
Multimedia Appendix 1).

At the Federal Level (the Ministry of Health and its
Agencies)
Based on the criteria prioritized above, it was estimated that 90
positions will be needed by the Ministry of Health (Master of
Health Informatics: 27/90, 30%; Master of Monitoring and
Evaluation: 22/90, 24.4%; Master of Information Technology
or Computer Science: 21/90, 23.3%). Moreover, it was estimated
that 105 positions will be needed for all federal agencies after
considering all potential factors affecting human resources
development—on average, each federal agency will require 15
employees to work on health information system–related
activities—and the majority would need to have a Master of
Health Informatics degree (28/105, 26.7%) (Table S7 and S8
in Multimedia Appendix 1).

At the Regional Level (Regional Health Bureaus and
Regional Agencies)
Approximately 276 health information system positions will be
needed at regional health bureaus, which translates to 25 per
region. Most regional health bureaus would require professionals
with a Master of Health Informatics degree (55/276, 20%),
followed by those with Bachelor of Science degrees in Computer
Science or Information Technology professionals (53/276,
19.2%). In all regional agencies, 63 positions will be
required—regional agencies will require an average of 9
employees to work on health information system–related
activities (Tables S9 and S10 in Multimedia Appendix 1).

Zonal Health Departments and District Health Office
During the survey, 172 health workers were working on health
information system–related activities at the zonal health
department level. The forecast estimate of human resources was
624 (Table S11 in Multimedia Appendix 1). During the survey
in all district health offices, 1428 health workers were working
on health information system related activities. A total of 3060
professionals will be needed in district health offices by 2030
(Master of Health Informatics: 1020/3060, 33%; Bachelor of
Science in Health Informatics: 1020/3060, 33%; Bachelor of
Science in Information Technology or Computer Science:
1020/3060, 33%) (Table S12 in Multimedia Appendix 1).

Primary, General, Comprehensive, and Specialized
Hospitals
A total of 1419 professionals will be needed in comprehensive
specialized hospitals by 2030. More than half (817/1419, 57.6%)
will be diploma-level health information technicians (Table S13
in Multimedia Appendix 1). There are currently 79 general
hospitals, and given the expansion plan, the number of general

hospitals will increase to 150. For general hospitals, 2100
professionals will be needed, given that medical record units
will be staffed with 7 health information technicians per hospital
(Table S14 in Multimedia Appendix 1). There will be a total of
505 primary hospitals by 2030 (211 currently existing and 294
planned), which will require 4545 health information system
professionals, with an average of 9 per hospital—5
diploma-level health information technicians e for the medical
record unit, and the rest will be for data management—to
implement telemedicine and harness information technology
development (Table S15 in Multimedia Appendix 1).

Health Centers
Based on the assessment, there will be a total of 4586 health
centers by the year 2030. There are currently 3591 health
centers, and 995 will be constructed according to the expansion
plan. A total of 27,516 professionals (6 per health center) will
be required to support the implementation of electronic
community health information systems at the health post level
and eHealth initiatives in the health system (Table S16 in
Multimedia Appendix 1).

Private Health Facilities
The health information system in Ethiopia has been engaging
the private health facilities to follow the national health
information system guidelines. Private health facilities could
demand human resources for health information system in the
future. At least 1 diploma-level health information technician
for health information system and 1 diploma-level information
technology employee for information communication technology
support will be required at each private health facility (Table
S17 in Multimedia Appendix 1).

Universities and Health Science Colleges
Universities educate and deploy the health professionals that
work for the health system, and accordingly, need to have
competent staff to train the workforce that will work on health
information system–related activities. The experts suggested
that 10 of the 55 universities will have health informatics
departments by 2030, each requiring 48 professionals (Table
S18 in Multimedia Appendix 1). Health science colleges
regularly train health information technicians at the diploma
level. It was estimated that 27 health science colleges, with 12
professionals each, will be required (Table S19 in Multimedia
Appendix 1).

Total Estimated Workforce
A total of 50,656 of health information system employees will
be needed by 2030 at the national level. More than half
(27,516/50,656, 54.3%) of the workforce will be needed by
health centers (Table S5 in Multimedia Appendix 1).

Discussion

The study has shown that the current number of health
information system–related positions and the existing workforce
were found to be inadequate. There was high turnover in the
health information system–related workforce. It was forecast
that 50,656 multidisciplinary health information system
professionals will be needed nationally by 2030.
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From the assessment, we found that approximately 10,344
employees were currently working on health information
system–related activities and many district health offices (20/21,
95%) and health centers (26/30, 86.7%) reported that the number
of health information system positions was inadequate. This
finding indicates that current human resources are inadequate
to achieve the national agenda. The level of skill mix was
unbalanced. The majority of the health information system
workforce currently working on health information
system–related activities were diploma-level health information
technicians. The correct amount and mix of the workforce is
needed to establish well-organized health system [23,24].

We found that there were professionals from fields with no or
little relation to health information system activities, such as
environmental health, monitoring and evaluation, public health
officer, health economics, statistics, Master of Public Health,
business management, management, nurse, health officer, and
computer science, employed in the health information system.
Misplacement of employees in the workforce affects the
effectiveness and efficiency of the organization [23]. Hence,
every organization must have the right profession with the right
knowledge and skill at the right place.

Our findings showed that there was high turnover in the health
information system workforce; however, the reason for the
turnover and its impact were not assessed in this study. Higher
turnover is costly and associated with poor health service
outcomes [25]. Health information system tasks, such as
managing health care data and infrastructure, are complex and
require experienced and well-trained professionals. Well-trained
and experienced staff turnover is costly, mainly due to the need
to train new employees, and compromises health system
performance and the quality of services [8,25,26].

Educating and recruiting alone will not alleviate the workforce
shortage. Assessment of the factors related to job satisfaction
and retention is critical [27]. We found that diploma holders
were the majority (48/244, 19.7%) of those who left their
positions. This may be as a result of a lack of professional
development opportunities. Until 2018, there was no academic
program to upgrade their qualifications, and individuals with
diplomas would have to upgrade by do a Bachelor of Science
degree in nursing or other health science fields. The University

of Gondar now has a post basic degree program in health
informatics. There is evidence suggesting that improving the
literacy of health workforce increases the retention rate [28].
Therefore, the Ministry of Health should design a strategy to
provide scholarship opportunities and other job satisfaction
schemes to minimize turnover.

The need for long-term forecasting of human resources for a
health system in uncertainty and at the national level is a
complex process—different variables must be considered in
estimating the amount, skills, and professional mix of health
personnel for meeting health system needs, which is information
that policy and decision-makers need [29].

Different methods can be used to forecast human resources
needs [29-31]. We used the Delphi method. The health
information system workforce needed by the end of 2030 will
be greater than 50,000. This indicates that the Ethiopia’s
shortage in health information system human resources is
critical. Therefore, the Ministry of Health and the Ministry of
Education should work together to ensure that there will be an
adequate number of health information system graduates. There
are some limitations to this study. First, in collecting data, we
used the bottom-up managerial judgment approach and did not
consider the final opinion of the bottom managers. Second, we
did not collect all facility and administrative office managers'
opinions; therefore, forecasts could be higher or lower than the
actual need. Third, we assessed the magnitude of health
information system staff turnover but we did not address the
reasons.

This study has shown that the current health information system
workforce is currently inadequate and will be inadequate for
future needs. We estimated that approximately 50,656 human
resources for health information system will be needed by 2030.
Hence, the Ministry of Health and regional health bureaus, in
collaboration with health information system and health system
strengthening partners, need to train more health information
system professionals and develop mechanisms to retain
experienced professionals in the health system. Strong
collaborations are also needed with universities to ensure the
right skills are included within health information system
curricula.
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