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Abstract

Background: Peer mentoring isapowerful pedagogical approach for supporting undergraduate medical studentsin their learning
environment. However, it remains unclear what exactly peer mentoring is and whether and how undergraduate medical students
use social mediafor peer-mentoring activities.

Objective: We aimed at describing and exploring the Facebook use of undergraduate medical students during their first 2 years
at a German medical school. The data should help medical educators to effectively integrate social mediain formal mentoring
programs for medical students.

Methods: We devel oped acoding schemefor peer mentoring and conducted amixed-methods study in order to explore Facebook
groups of undergraduate medical students from a peer-mentoring perspective.

Results: All major peer-mentoring categories were identified in Facebook groups of medical students. The relevance of these
Facebook groups was confirmed through triangulation with focus groups and descriptive statistics. Medical students made
extensive use of Facebook and wrote atotal of 11,853 posts and commentsin the respective Facebook groups (n=2362 total group
members). Posting peaks were identified at the beginning of semesters and before exam periods, reflecting the formal curriculum
milestones.

Conclusions: Peer mentoring is present in Facebook groups formed by undergraduate medical students who extensively use
these groups to seek advice from peers on study-related issues and, in particular, exam preparation. These groups also seem to
be effective in supporting responsive and large-scale peer-mentoring structures, formal mentoring programs might benefit from
integrating social mediainto their activity portfolio.

(JMIR Medical Education 2015;1(2):€12) doi:10.2196/mededu.5063

KEYWORDS
medical education; peer mentoring; social media; Facebook

: careersin medicine at different stages of medical training [1-3].
Introduction Studies in other areas of higher education have shown that
Peer mentoring is a well-established core element for creating students might have a particular need for peer mentoring during

supportive learning environments and facilitating successful the first time of transition to another academic institution in
order to adapt to the new learning and teaching environment
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and the specific struggles they face [4,5]. It has also been
acknowledged that peer mentoring is essential for a satisfying
medical school experience by junior studentsin particular [6,7].

There are promising data on how medical students who are
involved in peer teaching benefit from these programs [8-11].
However, the difference between peer teaching and peer
mentoring remains unclear in the context of medical students,
and aspects such asmutua emotional support and empowerment
usually are not addressed in these studies.

At the sametime, there is an important change in terms of how
undergraduate students in different disciplines use and take
advantage of virtual platforms and networks such as Facebook
within formal and informal mentoring contexts[12-16]. Studies
in other contexts of higher education indicate that social media
might play animportant rolefor becoming part of acommunity
in a new environment and forming educational
microcommunities[17-19]. Educators areincreasingly becoming
aware of the potential of integrating social media into formal
teaching and learning environments for a diverse range of
activities [20-23].

However, thereisapaucity of datathat provide information on
whether and how undergraduate medical students use Facebook
for peer mentoring in away that goes beyond peer teaching. It
also remains unclear whether Facebook as a potential peer
mentoring tool merely serves asan information-sharing platform
or whether its affordances actually provide an effective
peer-mentoring environment and might support, counteract, or
replace ingtitutional learning-management systems and
face-to-face peer mentoring.

The purpose of this mixed-methods study is to provide a
definition of peer mentoring in the context of undergraduate
medical education as well as to quantify and explore the use
and perspectives of medical students with regard to Facebook
as avirtual peer-mentoring environment. The data might help
medical educators to leverage the potential and spotlight
limitations of social media for peer-mentoring programs and
provide guidance for formul ating best practice recommendations
for integrating social media into forma peer-mentoring
programs.

Methods

Overview

A mixed-methods approach was chosen to provide a
multidimensional representation of peer-mentoring activities
of medical students on Facebook [24]. An expert group
consisting of medical educators, clinicians, and undergraduate
and graduate medical students discussed and reviewed the

http://mededu.jmir.org/2015/2/e12/
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literature [11,25-28] to develop the following peer-mentoring
definition and derive coding anchors.

Peer mentoring is a form of mentoring that involves informal
dynamic relationships within a group of individuals who are
similar in experience and rank. It is based on the premise that
there is a pool of skills, experiences, and resources within the
group that is deliberately or subliminally used to support and
empower one another and to foster everyone's development.
Because of the equality among group members, relationships
aregenerally personal and mutual, and ideally, each participant
has something of value to contribute and gain.

The personal experience of the authors with using Facebook
groups and word-of-mouth advice from currently enrolled
preclinical studentswas used to identify the relevant Facebook
groups, these wereinitiated and used by undergraduate medical
students at Ludwig-Maximilians-Universitdt (LMU) Munich,
Germany, in the first (PCY1) and second preclinical year
(PCY2). Severa small Facebook groups and two large groups
were found. The authors identified one Facebook group per
preclinical year as the main group, based on structure and
number of members as compared to the currently enrolled
student cohorts. All posts and comments in both groups of a
complete academic semester—from September 2013 through
February 2014—were included in the analysis. The two
identified member groups in Facebook were both initiated by
peers of undergraduate students, who commenced their medical
studiesin October 2013 (referred to aspreclinical year 1, PCY 1)
and in October 2012 (referred to as preclinical year 2, PCY 2).
Both groups had self-identifying names and new members
needed to apply and then be accepted by persons already in the
group. All posts and comments in these groups were extracted
and exported into Microsoft Excel. We then conducted a
guantitative analysis of submissions per week and month.

A socia constructivist perspective was applied to identify
emerging peer-mentoring themes that are relevant for
undergraduate medical studentsand reflect social norms, values,
and needs of medical students in this context. Based on the
working definition of peer mentoring, the authors additionally
developed a coding scheme for content analysis of posts and
comments (see Table 1) [29]. Anchoring exampleswere defined
for each peer-mentoring subcategory and the final coding
scheme was applied to three critical weeks of each preclinical
year with particularly high or low posting frequency, aswell as
at the time of high-stakes exams. The research team agreed on
analyzing datafrom the beginning of each semester, time periods
directly correlating to critical written and oral exams, and to
contrast these weekswith posting-behavior between examination
periods.
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Categories and subcategories

Anchoring example

Study related
Knowledge/skills

“In the beginning you should focus on learning the muscul oskeletal structures instead of

worrying about electives’

Experiences

“1 have done my first preclinical rotation in the university hospital on a neurology ward and

was amazed by the attendings’ willingness to teach”

Resources

“You can find a selection of preparatory exams in the anatomy exam folder on the online-

learning platform Moodle’

Emotional support

“1t’sabsolutely normal to be afraid of the terminology exam and the L atin grammar questions,

but it isreally easier than you think”

Nonstudy related
Social activities

Advertising

“Let’s meet at my place before going to the freshmen party”
“Medical education books at a special discount for new students’

8All posts were additionally coded in the categories “ Exams and learning,”

Quantitative analysis of posting patterns in Facebook groups
was used to describe the posting behavior across academic
semesters. Thematic content analysis of Facebook posts and
focus group transcripts was used to expl ore posting content and
perceptions of undergraduate medical students with regard to
peer-mentoring categories (see Table 1). Some posts and
comments included more than one peer-mentoring theme and
consequently were coded for al identifiable subcategories. After
familiarization with the full qualitative and quantitative dataset,
data were contrasted and used to enhance and strengthen the
final interpretation, as well as to inform the discussions on
emerging differences with regard to interpretation of data and
applying the coding scheme. All differenceswere discussed and
resolved.

Participants for focus groups were recruited through email
invitations at LMU (total n=21) and two focus groups with
medical studentsenrolled in different semesterswere conducted.
Both focus group discussions were based on awritten protocol,
facilitated by an experienced researcher, recorded, and
documented. The recordings of both focus groups were fully
transcribed and coded. The selected dataset was coded twicein
an independent manner. Interrater reliability and Cohen’skappa
were calculated [30] using Stata software version 12 (StataCorp
LP).

Ethics

The LMU ethics committee reviewed the research design and
exempted the study from additional ethical approval.
Confidentiality and anonymity with regard to electronic data
was maintained throughout the study. Any names or potentially
identifying information were removed before analyzing the data
and quotes were al translated from German to English for this
manuscript. Pseudonyms were used to maintain confidentiality
and anonymity.

Results

Characteristics of Analyzed Facebook Groups

At the time of collecting the data, the PCY 1 Facebook group
had 1149 members, of which 728 (63.36%) were active users

http://mededu.jmir.org/2015/2/e12/

Study logistics and organization,” and “ Extracurricular activities.”

who contributed at least one post throughout the semester. The
PCY2 group had a total of 1213 members, of which 863
(71.15%) were active users who contributed at least one post
throughout the semester. The combined groups consisted of
2362 counted group members, with several individuals being
members in both groups, however. The corresponding student
cohortsenrolled at the LMU Munichin the respective preclinical
years consisted of 561 female and 389 male studentsin PCY 1
(total of 950), and 569 female and 397 male studentsin PCY 2
(total of 966). Thefull sample of enrolled undergraduate medical
students therefore consisted of 1916 individuals.

Posting Activity of Preclinical Medical Students

A total of 5939 posts, of which 1168 (19.67%) represented
primary posts, were extracted from the PCY 1 Facebook group.
The total number of posts (n=11,853) is the sum of primary
posts and al reply posts and comments. Out of al posted
guestionsin the PCY 1 group, 79.5% (116/146) were answered
in asatisfactory way by peer students. Similarly, atotal of 5914
posts with 1246 (21.07%) primary posts were extracted from
the PCY 2 Facebook group. A total of 76.8% (116/151) of all
posted questions in the PCY2 group were answered in a
satisfactory way. With regard to posting frequency of group
members, 79.70% (1268/1591) of active users in both groups
posted 1-10 posts during the extracted period, accounting for
36.11% (4280/11,853) of al posts. A total of 16.40% (261/1591)
of active users accounted for another 38.56% (4570/11,853) of
posts (11-30 posts) and, finally, aminority of 3.90% (62/1591)
of active users accounted for the remaining 25.34%
(3003/11,853) of posts (>30 posts).

All posts were charted over time and relevant curriculum
elements—orientation week, exams, and duration of
semester—were identified (Figure 1). Based on the posting
activity during the semesters, 3 relevant exemplary weeks in
each group were identified (marked in Figure 1) and used for
detailed thematic content analysis: one week showed a
particularly high posting activity (the beginning of each
semester), a second week showed low posting activity (not
correlating with any critical exam), and athird week was directly
correlated to an exam period. In addition, we found that students
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in both Facebook groups started posting 2 weeks (PCY 1) and  respectively.
5 weeks (PCY 2) before the official beginning of the semesters,
Figure 1. Facebook posting pattern by undergraduate medical students.
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Peer-Mentoring Elementsin Facebook Groups

Our final peer-mentoring coding scheme showed good
reliability—average Cohen’s kappa of .77 (SD .16) and 94%
agreement acrossall main categories, and Cohen's kappa of .62

Table 2. Frequency of peer-mentoring elementsin posts and comments.

(SD .27) and 82% agreement for all subcategories.
Peer-mentoring elements of al categories were identified in
both Facebook groups. The dominant themesin both preclinical
years were knowledge- and skills-related posts and comments,
aswell as resources-related posts (see Table 2).

Categories and subcategories

PCY 12, % average frequency® (SD)

PCY 2°, % average frequency® (SD)

Study related 76 (5)
Knowledge/skills 10 (4)
Experiences 14 (15)
Resources 68 (18)
Emotional support 8(7)
Nonstudy related 24 (5)
Social activities 99 (2)
Advertising 1(2)

75 (4)
65 (3)
11

33(3)
1(2)

25 (4)
84(3)
16 (3)

8First preclinical year (PCY1).

bPercentag&s represent the averages across all analyzed weeks in each preclinical year.

Second preclinical year (PCY 2).

Thefollowing excerpts (trandlated from German) illustrate how
students discuss educational and coursework aspects, which are
relevant for choosing their anatomy books, and what strategies
work in order to prepare for the anatomy exams:

Alright...so meanwhile, | can go and get the lecture
notes...and | just walk in there and say, “ | would like
to have the lecture notes for anatomy?” :D Would

http://mededu.jmir.org/2015/2/e12/

RenderX

you also recommend that | buy or borrow an atlas of
anatomy? [Student F, PCY 1]

Yes that’s how you do it :D Borrowing never hurts,
| would say. [Student W, PCY 2]

Alright, thanks :) [Student F, PCY 1]

| would definitely recommend [brand name]!

Although it's a bit more expensive, it is way better
from a didactic perspective, and it has better
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illustrations, which are really helpful =)...you might
not even need any other textbook if you really work
with it...and the different levels are illustrated in a
way so that they match, like the images of muscles
exactly fit the images of bones and so forth, and that
really helps to get the picture. [Student C, PCY 2]

All other nonstudy-related posts—24% (SD 5) and 25% (SD
4)in PCY1 and PCY?2, respectively—were coded as social
activities, such as extracurricular activities or any other type of
social events:

Hey everyone, so | think | missed some things. | just
found...that thereisa newbies party tonight at [bar’s
name], anything elsethat | have missed? [Student D,
PCY1]

With regard to posting patterns, we observed a shift of both
frequency and content focusin both preclinical years. InPCY 1,
undergraduate students started off posting questions
predominantly related to learning strategies; later during the
semester they changed the focus of poststo questions on written
and oral exams—72.4% (105/145) versus 19% (6/32) of all
posts on learning strategies, and 11.0% (16/145) versus 56%
(18/32) of al posts on exams, comparing early and late weeks
of semesters, respectively:

Ahhh! | don't get the physics lecture notes! :’( Are
the problems’ solutions available somewhere within
the notes? Or a self-help/study group, with a free
spot? [Student E, early post in PCY 2]

You have to...be able to do the math in front of the
class, if those problems are part of your oral test. But
here's some advice: You can find physics tutorials
online on Moodle[learning management system] and
you can also find most of the solutions there as well
;) [Student G, response to student E, PCY 2]

Hey, another question—do striated muscle cellshave
a calcium-dependent plateau phase? Thanks guys,
without you it would be quite tough here :) [Student
Y, late post in PCY 2]

Nope, only the heart muscle cells as far as | know
[Student Q, response to student Y, PCY 2]

NO! That istypical for heart muscle cells!!! [Student
P, response to student Y, PCY 2]

Puh, thanks—that is a huge piece of the puzzethat |
wasmissing ;) [Student Y, responseto students Q and
P, PCYZ2]

Peer-Mentoring Elementsin Medical Students

Per spectives of Facebook

The thematic content analysis of the focus group discussions
confirmed our findings from direct Facebook group analysis
and exploration. All peer-mentoring categories emerged in the
focus group discussions.

Theme 1: Similarity in Experience and Rank

Participants confirmed the high intensity of use of Facebook
groups among peers within one semester in particular during
the time of exams:

http://mededu.jmir.org/2015/2/e12/
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Well, you know, before exams, | really liked that
peopl e discussed the questions from previous exams,
and that people tried to find the right answers, that
was really hel pful when preparing for exams. [ Person
6]

| really found it cool, because there were always
people who made an effort, and provided awesome
summaries for exams and so forth. [Person 8]

In addition, students devel oped astrategy to form course-specific
groups for each academic course during a semester in order to
make the content more specific to their needs:

You know...it really has advantages...like in Module
23 or Module 4 [refers to courses in different
semesters|, there are so many subjects and fast
changes. If that would be one big Facebook group,
it would be pure chaos. [Person 3]

Students also agreed that group members were more or less
similar in rank and experience, which in their opinion was
reflected in intense contextual discussions:

Yeah, it also happens...like when two students...that
iswhen onethinks heisright and the other onethinks
it's wrong, then they really get a discussion
going...like with 30 comments or so...but usually it's
only a few posts until the right answer is online.
[Person 4]

Theme 2: Pool of Skills, Experiences, and Resources
Within the Group

One participant outlined the importance of Facebook
membership in particular when students missed lectures or did
not like to go to lectures in general, and relied on the relevant
information and resources being shared within the Facebook
groups:

You know...those students who never go to lectures
definitely benefit from other students who sharetheir
knowledge [in Facebook groups] from having gone
to the lectures. [Person 2]

In addition, participants seemed to perceive Facebook
predominantly asatool to navigate their studies and to manage
access to relevant information:

Well, | am basically only in study Facebook
groups...so that you get all the information for the
clinical rotations or for the exams, and so that you
don’'t miss deadlines, because there are always some
studentswho nicely post everything, so that you don’t
miss anything...that’s pretty nice. [Person 1]
Some comments from participants indicated that Facebook
groups are an important source to learn about the hidden
curriculum and have an impact on the learning strategy and
behavior of students:

You know...like the unofficial information, like...do
they really check whether you are present or not, or
isit rather a seminar, where people don’t realize that
you are absent, | mean...it's pretty easy to get that
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kind of information through Facebook groups and
you wouldn’t know that otherwise. [Person 5]

Yeah right, and students who have done the course
already...you know, they share tips and tricks...which
isparticularly helpful when preparing for oral exams
like in anatomy...like people posting lists with the
main questions that are being asked, you know.
[Person 10]

Comments on feeling mentored in the Facebook groups
referenced the peer group sources as "swarm intelligence”" and
feeling "swarm mentored" as a conseguence of it:

You know, in pharmacology...there were one or two
brains [refers to very good students] and they went
back and forth...even with literature searches, only
so that they could answer the question [refers to
phar macol ogy questions posted in a Facebook group]
it was like.. would say swarm intelligence...and
that's [refers to feeling mentored] sort of swarm
mentoring...just like swarm intelligence. [Person 4]

Theme 3: Empowerment and Emotional Support

Empowerment and emotional support as elements of peer
mentoring were present aswell in the perceptions of participants:

[ Talking about advantages of being a member of the
Facebook groups] You know, sort of team work, like
people are not working against each other but with
each other. So that you can find the solutions or
exchange thoughts and helping, you know [Person 1]

One participant described the Facebook groups as a "system"
of support:

W, | sort of feel taken care of, like when | have the
feeling that there is a system, that helps me become
more self-confident, so that | can understand how
things work and | am being prepared [refers to
exams] . [Person 10]

However, the exposure of persona information and making a
fool of oneself in front of alarger group were partly perceived
as difficult in the context of Facebook groups:

It's also kind of a data safety question. Who really
wants personal things to be in the Internet forever?
[Person 10]

You know, and maybe...you actually know each other,
and you don't want to show yourself up, sort of.
[Person 2]

At the sametime, there seemed to be some sort of self-regulation
present within the groups as well:

Usually, those posts that are like bad low
blows...those are usually removed quickly, although
you find those, too. [Person 10]

Discussion

Principal Findings
Our data indicate that all peer-mentoring elements as defined
above and that are based in the literature on mentoring in

http://mededu.jmir.org/2015/2/e12/
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medical education [11,25-28] are present in Facebook groups
that are formed by preclinical undergraduate medical students.
Thefact that many, if not most, preclinical medical studentsare
already members of Facebook and can make use of its multiple
affordances, such as forming closed groups and exchanging
diverse online media, makes Facebook an interesting supportive
platform for peer-mentoring programs. The content of these
informal groups, generally formed by studentswith similar rank
and experience, seems to be beneficial for all members of the
group. A pool of skills, experiences, and resources is built
through these groups in order to facilitate access for all
members. The posting pattern within these groups reflects the
curriculum design, and exams seem to be atrigger for increasing
posting intensity.

Thedifferencesin Facebook group sizesmost likely result from
some students not leaving the Facebook groups after compl eting
the semesters. However, students constantly seem to adjust the
form of these groups according to their educational needs.
Further studies are needed to better characterize the life cycle
of these groups.

A rather small group consisting of 3.90% (62/1591) of students
was accountable for about 25.34% (3003/11,853) of all posts,
indicating that some students might function as socia media
drivers. The vast mgjority (1268/1591, 79.70%) of students
showed less active posting behavior, still membership was
identified as essential during focus group discussions in order
to have access to all relevant information. The vast majority of
all questions, that is 78.1% (232/297), posted in both groups
(PCY 1and PCY 2) were answered satisfactorily and demonstrate
aresponsive and functional network.

However, more complex peer-mentoring elements such as
empowering and fostering persona development seem to be
underrepresented in these groups. Further research isneeded to
better understand the specific role of forma peer-mentoring
programs in this context and how formal peer-mentoring
programs should be combined with online social networks.

Social network sites like Facebook might provide useful
affordancesfor peer-mentoring programs, in particular for large
medical faculties. Based on the observation that Facebook
groups of undergraduate medical students are used morein order
to share resources and experiences as compared to emotional
support, we assumethat real-life social networks play an at least
equally important role for peer-mentoring activities.
Furthermore, our data showed that students start forming these
groups even before the official start of semesters. Medical
faculties might thus also use these groups for communicating
relevant orientation information to preclinical students, although
officia involvement of faculty might alter the acceptance and
dynamics of these groups.

Specifically trained social media educators might thus help to
support a positive learning culture and guide students more
effectively toward relevant resources and faculty members,
since informal Facebook groups rather lack structure,
organization, and quality control of information. Finally, aspects
like data privacy and digital professionalism need to be
considered carefully [31]. Further research is needed to better
understand involvement and perceptions of medical students
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with regard to Facebook and to what extent formal involvement
of faculty is needed and accepted as compared to other forms
of peer mentoring [15].

Conclusions

Our findings indicate an extensive use and, so far, not
well-understood role of social network sites in the context of
peer mentoring for undergraduate medical students. The fact
that many, if not most, preclinical medical students are already
members of Facebook and can make use of its multiple
affordances, such as forming closed groups and exchanging
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diverse online media, makes Facebook an interesting supportive
platform for peer-mentoring programs.

Although Facebook might not be ableto replace al face-to-face
elements of peer-mentoring programs, we found that medical
students’ extensiveinformal use of Facebook could beleveraged
to support formal peer-mentoring programs for undergraduate
medical students. The typology and behavior of subgroups
within the identified Facebook groups are not fully understood
and the adequate roles of faculty membersand official mentoring
programs in the context of social media require further
exploration.
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Abstract

Background: As the use of social media (SM) tools becomes increasingly widespread, medical trainees need guidance on
applying principles of professionalism to their online behavior.

Objective: To develop a curriculum to improve knowledge and skills regarding professionalism of SM use by medical students.

Methods: This project was conducted in 3 phases: (1) a needs assessment was performed via a survey of medical students
regarding SM use, rationale for and frequency of use, and concerns; (2) aworkshop-format curriculum was designed and piloted
for preclinical studentsto gain foundational knowledge of online professionalism; and (3) acomplementary longitudinal SM-based
curriculum was designed and piloted for clinical studentsto promote both medical humanism and professionalism.

Results: A total of 72 medical students completed the survey (response rate 30%). Among the survey respondents, 71/72 (99%)
reported visiting social networking sites, with 55/72 (76%) reporting daily visits. Privacy of personal information (62/72, 86%)
and mixing of personal/professional identities (49/72, 68%) were the students’ most commonly endorsed concerns regarding SM
use. The workshop-format curriculum was evaluated qualitatively via participant feedback. Of the 120 students who participated
in the workshop, 91 completed the post workshop eval uation (response rate 76%), with 56 positive comments and 54 suggestions
for improvement. The workshop was experienced by students as enjoyable, thought provoking, informative, and relevant.
Suggestions for improvement included adjustments to timing, format, and content of the workshop. The SM-based curriculum
was evaluated by a small-scale pilot of 11 students, randomized to the intervention group (participation in faculty-moderated
blog) or the control group. Outcomes were assessed quantitatively and qualitatively via personal growth scales, participant
feedback, and analysis of blog themes. There was a trend toward improvement in total personal growth scores among those
students in the blog group from 3.65 (0.47) to 4.11 (0.31) (mean [SD]) with no change observed for the students in the control
group (3.89 [0.11] before and after evaluation). Themes relevant to humanism and professionalism were observed in the blog
discussion.

Conclusions: Most medical students surveyed reported using SM and identified privacy and personal-professional boundaries
as areas of concern. The workshop format and SM-based curricula were well-received by students whose formative feedback
will inform the refinement and further development of efforts to promote professionalism among medical students.

(JMIR Medical Education 2015;1(2):e17) doi:10.2196/mededu.4886
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Introduction

Social media (SM) tools have become an increasingly common
means of communication and are changing the flow of
information in the field of medicine [1-3]. SM tools, which
include Facebook, Twitter, wikis, and blogs, are Web-based
technologies designed for sharing user-generated content and
facilitating collaboration and networking. Most medical students
today are part of the “net generation” and have grown up with
these tools [4]. Surveys estimate that up to 98% of medical
students have maobile phones [5] and between 60% and 70% of
medical students have Facebook accounts [6-9]. Students use
SM for a variety of positive purposes, such as sharing
experiences and forming supportive peer networks [10]. In
response to these trends, medical educators have begun to
harness the potential of SM to promote active, collaborative
learning [11-14].

Innovative SM curricula designed to enhance both medical
humanism and professionalism are being piloted at medical
schools in the United States and in other countries [15-18]. In
particular, blogs have been used to combat the potential
influences of the “hidden curriculum” in undermining medical
students development of humanism and professionalism
[19-21]. Through positive online interactions, medical students
can develop skillsto foster personal growth by reflecting upon
powerful clinical experiences, encouraging introspection and
sharing of information, and forming a support network of
helping relationships [22-24]. SM tools can extend the benefits
of reflective practices to reach trainees who may be unable to
participateinin-person onsdueto thetiming or geography
of their training [15,16].

However, concerns have been raised regarding SM use and
medical professionalism [5,25-27]. Traditional boundaries
between patients and physicians, and between students and
faculty, may be blurred by online interactions [28-30]. In
addition, the public availability of information on patients and
physicians represents a threat to privacy [31-33], with the
potential for anegativeimpact on patient-physician relationships
[34,35]. As much as 60% of medical schools responding to a
survey reported incidents of medical students posting
unprofessional content online [36]. Although many medical
schools lack policies specific to SM use [37], guidelines are
available from professional societies [38,39] and expert
recommendations have been disseminated [40-42]. Little
information is available on how to teach these guidelines to
students and help them apply principles of professionalism to
SM use. Medical educators have called for more opportunities
for preventing misuse and engaging in critical analysis of SM
activity [43,44]. Students have al so expressed adesire for more
practical recommendations and hel p with gray areaswherethere
may be disagreement on what is appropriate [45].

The study’s 2 co-investigators (TEF and MSC) performed a
targeted needs assessment regarding SM use among Johns
Hopkins University School of Medicine first- and second-year

http://mededu.jmir.org/2015/2/e17/

students. Because of the concerns surrounding professionalism
and SM usage, theinvestigatorsthen aimed to design, pilot, and
evaluate a workshop-format curriculum for students to gain
knowledge relating to online professionalism. Second, the
investigators aimed to design, pilot, and evaluate an SM-based
curriculum to enhance overall medical student humanism and
professionalism, via a focus on online behavior. Specifically,
theinvestigators aimed for medical students to develop critical
thinking regarding professionalism and SM use, gain skills of
reflective practice in self-assessment and in peer interaction,
and foster attitudes of empathy as a key relational aspect of
professionalism.

Methods

Needs Assessment

The general needs assessment for this curriculum devel opment
included a systematic review of the literature regarding the use
of SM in medical education [11]. Thetargeted needs assessment
included meetings with the key stakeholders of student |eaders,
medical educators, and administrators. There was a perceived
need for guidance on issues of online professionalism and an
opportunity to address this topic during orientation activities
for incoming medical students.

To gain more specific information on the targeted learners, a
survey was designed for the first- and second-year medical
students to assess their frequency of SM use, reasons for use,
and concerns regarding use. Questions were adapted from
previously published surveys [46,47]. Content validity was
assessed by piloting and refining the survey with an expert focus
group. The survey was administered online using
SurveyMonkey; nonresponderswere reminded onceto complete
the survey. Descriptive statistical analyses were performed,
using frequencies and percentages and review of students
free-text responses to open questions. Institutional Review
Board's approval was obtained for this study.

Wor kshop-format Curriculum

Design

The educational methods were based on information from the
needs assessment, and on Adult Lear ning Theory, which engages
studentsin self-directed, problem-based |earning with relevance
to their needs and experiences, and on collaborative learning,
which promotes learning through interaction and the
construction of knowledge from experience. Best practices for

SM use available from other medical centers[40] were adapted
to develop cases specific to dilemmas for medical students.

The workshop was conducted as two 90-minute sessions, with
60 students each, during the required orientation sessions for
the incoming first-year medical students. The medical school
computer laboratory was chosen as the setting, so that each
student could have a computer and the ability to share their
screen with the large group via a projector. The investigators
served as cofacilitators. Small groups of 8-10 students
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participated in activities, using their computers’ Internet search
engines to locate relevant resources, and shared their findings
first within their small group and then with the large group.
These activitieswere to share examples of (1) medical students
using SM to post about medical topics; (2) medical students
being reprimanded for inappropriate posts on online social
networks, and (3) guidelines from medical organizations
regarding SM use by physicians and/or physicians-in-training.
After sharing each group’sfindings, al students participated in
a large-group discussion about the sites that were found and
issues raised. Multimedia Appendix 1 shows the outline used
by the facilitators to plan the workshop sessions, including
objectives, timing for activities, and resources needed.

At theend of the session, studentswere provided with ahandout
that included (1) principles of professionalism [38]; (2)
guidelines for SM use [39]; and (3) selection of cases to think
about guidance from best practices [40]. Multimedia Appendix
2 provides a copy of the handout.

Evaluation

The primary goa of the evaluation was to gain formative
feedback on the pilot phase of the workshop itself, rather than
amore rigorous assessment of learners. Learner satisfaction and
feedback were assessed by collecting anonymous written
comments at the end of each session. Qualitative analysis of
the comments was performed and common themes were
extracted.

SM-Based Curriculum

Design

In addition to the knowledge-based workshop, an SM-based
experiential curriculum was designed to address attitudes and
skills, using a private, chaperoned blog. The informationin the
needs assessment was used to help tailor the blog to students
level of familiarity with the technology and address students
concerns. To investigate the usefulness of this blog, Internal
Medicine clerkship students were randomized either to the
intervention or control group. The intervention group was
encouraged to post their own narrative reflections about
powerful clinical experiences on the blog and to submit
comments in response to peer- and investigator-written
reflections and comments. All participant submissions were
screened to ensurethat all reflections and commentswere Health
Insurance Portability and Accountability Act compliant. The
investigators served as blog moderators and posted their own
reflections and comments to model medical humanism and
professionalism and promote discussion. Members of the control
group performed their usua clerkship without access to the
study blog.

http://mededu.jmir.org/2015/2/e17/

Flickinger et a

Evaluation

The intervention trial compared personal growth between the
intervention and control conditions, measured using a
guestionnaire of self-reported change in 9 domains such as
self-understanding, clarity of goals, values, and/or direction,
and self-confidence on a 5-point Likert scale. The personal
growth scale has demonstrated reliability and has been
previously validated for assessment of change in Internal
Medicine residents and was adapted for use in the Internal
Medicine clerkship [22]. Scores on the personal growth scale
survey were analyzed using t tests to compare mean scores in
the intervention group with those in the control group.

It was hypothesized that, compared with control participants,
intervention participants would have higher scores on the
personal growth scale at the end of the clerkship; and that
intervention participants would demonstrate an increase in
persona growth between the beginning and end of the clerkship.
In addition, it was hypothesized that blog posts and comments
would contain themes of humanism and professionalism.

Humanism and professionalism were assessed among
intervention participants by qualitative analysis of blog posts
and comments exploring emerging themes. The analysis
employed an inductive approach and was informed by prior
qualitative analyses of medical students’ written and online
reflections [15,16,48]. Ingtitutional Review Board's approval
was obtained for the study.

Results

Needs Assessment

A total of 72 students responded (30.0%, 72/240) to the survey.
Figure 1 shows students' frequency of using SM; of these, 71
respondents (71/72, 99%) visit social networking sites (eg,
Facebook) and 55/72 (76%) do so daily. As much as 97% of
respondents (70/72) post their own original content to social
networking sites, with the majority doing this once a week.
Students showed a wide range of familiarity with blogs: 11/72
(15%) had never visited a blog, 26/72 (36%) visited less than
monthly, 12/72 (17%) monthly, 14/72 (19%) weekly, and 9/72
(13%) daily. A total of 28 students (28/72, 39%) had posted
their own original content to a blog. Figure 2 shows students’
reasons for using SM. The most common reason cited was to
connect with family and friends (67/72, 93%), followed by
sharing their own experiences with others (31/72, 43%) and
networking with medical professionals (8/72, 11%). Figure 3
shows students’ concernsregarding SM use. The most common
concerns were privacy of persona information (62/72, 86%),
mixing of personal and professional identities (49/72, 68%),
time (44/72, 61%), and privacy of patient information (13/72,
18%). However, 10% of students (7/72) reported having no
concernsat al.
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Figurel. Medical students frequency of using SM tools.
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Figure 3. Medical students concerns regarding SM use.
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Workshop-Format Curriculum

Using information from the survey, the workshop was tailored
to meet students’ needs. Case examplesfocused on the SM tools
most used by students. Group discussion addressed ways to
maximize the benefits of SM identified by students (such as
connectivity and sharing) while avoiding risks to privacy and
personal -professional boundaries.

The workshop was feasible to accomplish in the time all otted.
The cofacilitators had prepared backup examplesto usefor each
small-group activity; however, students had no difficulty in
searching for relevant resources on their own and sharing them
with each other. Students found examples of blogs, YouTube
videos, and Twitter feeds that appeared to be posted by
physicians or physicians-in-training. They also shared online
news articles about examples of unprofessional behavior by
medical personnel, including posting inappropriate photographs
or potentially identifiable patient information. They were also
able to find policy guidelines from severa organizations,
including the American Medical Association and Federation of
State Medical Boards. In the large-group discussion, they were
prompted to think critically about how to apply these guidelines
to the real-world situations that their peers had found. During
the discussion, facilitators emphasized critical thinking about
principles of professionalism applied to each case shared by
students. For example, when one participant shared a report of
amedical student posting photos of a stabbing victim cared for
in an emergency department rotation, facilitators prompted the
group to discuss implications for patient privacy, which could
be violated even if the patient’s name was not revealed. When
another participant shared an article about “friending” patients
on SM networks, the group reflected on the challenges of
patient-clinician boundaries.

As much as 75.8% of students (91/120) submitted comments
after the workshop. Categories and examples of comments are

http://mededu.jmir.org/2015/2/e17/
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shown in Table 1. Categories were not mutually exclusive and
many students provided both supportive comments and
suggestions of elements they would like to be expanded or
adjusted. Studentsfound the session to be enjoyable, interesting,
thought provoking, informative, and rel evant. Particul ar aspects
that they endorsed positively were the group discussion,
small-group activities, and case-based format. Suggestions for
improvement included adjustments to the time distribution,
clarifying instructions, and providing additional resources. In
particular, many students requested more discussion of
challenging cases of SM use and additional practical advice on
how to apply professionalism principlesin these situations.

SM-Based Curriculum

The study to evaluate the SM-based curriculum enrolled 11
participants, 8 in the blog group and 3 in the control group (using
2:1 randomization). Participants were 25.3 (2.0) years of age
(mean [SD]); 8/11 (73%) were male; and 8/11 (73%) were
white; 82% (9/11) were married and none had children. There
were no significant demographic differences between the blog
and control groups.

Students compl eted the personal growth scale, which asksthem
to rate the extent to which they have changed on 9 items on the
following scale: 1=much worse, 2=worse, 3=no change,
4=better, and 5=much better. Mean (SD) total scores for both
groupswere 3.72 (0.41) at baselineand 4.04 (0.26) at follow-up.
As can be seen in Figure 4, there was a trend toward
improvement in the blog group from 3.65 (0.47) to 4.11 (0.31)
(mean [SD]) with no change in the control group 3.89 (0.11)
(mean [SD]). Interestingly, the item of “more humanistic in my
approach to patients’ showed a trend toward improvement
(mean [SD]) in the blog group (3.25 [0.71] to 4.50 [0.71]) and
no changein the control group (4.00[0.00]). Thesetrendswere
consistent with the study hypotheses. However, the number of
participants was too small to demonstrate significant differences.
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Table 1. Students feedback on the workshop.

Flickinger et a

Themes

Examples

Supportive comments (N=56)

General comments

Group discussion

Small group interactions

Case-based format
Constructively critical comments
(N=54)

Timing

Format

Content

“Very informative. Made me think about my decisions.
Really interesting and provocative. | think thisisdefinitely
something to be addressed with our generation. | really
enjoyed it—eye opening.”

“Wonderful discussion. Loved the ethical dilemmas ad-
dressed. Love the crowd sourcing and collaboration.”

“It was useful to have adiscussion, since | personally had
not thought about these issues before.”

“I enjoyed the interactive nature of the activities. It made
atopic that many might have slept through (esp. with late
in afternoon timing), quite exciting.”

“Thiswas fun and a good was to meet the people in my
group! | felt the review of questionable caseswas helpful ”

“Maybe shorten the session alittle bit. Keep theinteractive
part”

“1 wish we had more time for the discussion at the end of
the session.”

“1 would have liked it better if you had examples already
for us. Not sure ours was the greatest.”

“1t would have been nice to have some of the resources we
found today available to us—possibly viaemail”

“Instructions at the beginning were not exactly clear.”

“Would have liked to be given more specific info regarding
policy. | think it could beimproved if wetalked more about
those “blurry” boundaries and how to negotiate with these
issues’

Students randomi zed to the blog group al so completed additional
guestions at follow-up. On average, students reported visiting
the blog weekly to view posts or comments. All students agreed
with the following statements: “I found it valuable to write my
own postscomments,” “I found it valuable to view other
peopl€'s posts’comments,” “ The blog had a positive impact on
my understanding of professionalism,” and “The blog had a
positive impact on the professionalism of my behavior”
Strengths of the blog experience included “Ability to
communicate in a format that did not depend on being in the
same place at the same time” “diversity of experience and
viewpoints of contributors,” and “ quick responses from faculty.”
One student commented, “I’m normally not very interested in
“reflecting,” but the blog format, and limiting it to only ahandful
of students/faculty made me more comfortable in sharing my
thoughts.” The primary weakness of the blog experience was
“not enough participation from other students.”

Qualitative analysis of the blog posts and comments was also
performed. Themes relating to aspects of humanism included

http://mededu.jmir.org/2015/2/e17/

developing compassion, dealing with “difficult” patients,
appreciating patients context, developing respect, and
developing empathy for others (Table 2). For example, one post
stated, “It's relatively easy to be...respectful when it goes both
ways, but not when our efforts are met with resistance or even
aggression.” Inthediscussion, potential strategieswere offered,
including “1 resist my impulseto think that | would behave any
differently if | were in their shoes”

Themes al so related to other aspects of professionalism. Some
posts related to professionalism issues specific to SM use, such
as deidentification of information, student/staff privacy, and
patient privacy (Table 2). Other posts concerned professionalism
more broadly, such as observations of the hidden curriculum
and conflict with colleagues. No breaches of professionalism
occurred on the blog itself. One exchange between a student
and faculty did involve feedback on further deidentification of
a patient story, in which certain details might have been
recognizable to someone who knew them.
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Figure4. Changein medical students overall scores on persona growth scale, comparing blog group with control group (no blog), preclerkship and
postclerkship.
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Table 2. Qualitative analysis of the blog posts and comments relating to aspects of humanism and professionalism.

Themes Examples

Humanism themes

Dealing with “difficult” patients “I have no idea how to work with these patients without
rolling my eyes or biting my lip.”

Appreciating patients’ context “Understanding the origin of the problem...can help.”

Developing compassion “I've learned that these patients require a new level of
compassion.”

Developing respect “It'srelatively easy to be...respectful when it goes both

ways, but not when our efforts are met with resistance or
even aggression.”

Developing empathy for others “I resist my impulse to think that | would behave any
differently if | werein their shoes.”

Professionalism themes

Deidentification of information “We're all learning how to deidentify cases.”

Hidden curriculum “This sort of talk islongstanding...and models a lack of
collegidity.”

Student/staff privacy “[Are] students wanting to keep their interactions with
other students private from their professors, and vice
versa?’

Patient privacy “It is still important to protect...patient privacy.”

Conflict with colleagues “Do [they] truly resent the ED, or are their feelings a
‘nothing personal’ natural defense mechanism of vent-
ing?’
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Discussion

Preliminary Findings

Most students at Johns Hopkins University School of Medicine
responded to the survey report using SM at alevel comparable
to trainees at other ingtitutions previously surveyed [6-9].
Respondents reported using SM for a variety of positive
purposes, such as connecting with others and sharing their
experiences. However, potential risks to professionalism were
aso expressed. They  identified privacy and
personal-professional boundaries as particular areas of concern.
Data from the targeted needs assessment were used to develop
aworkshop to introduce students to professionalism guidelines
inthe use of SM and explored the application of these guidelines
to challenging situations. Again using information from the
needs assessment, an SM-based intervention was designed and
piloted, in the form of ablog, to evaluate the opportunities and
challenges of using SM to promote humanism and
professionalism for physicians-in-training.

The piloted workshop was well-received by students, who
particularly enjoyed the interactive style, case-based format,
and opportunity for discussion. The workshop-based approach
appears to be particularly valuable in engaging students in the
topic of professionalism, which may otherwise seem too abstract
for incoming trainees to discuss in a meaningful way. By
emphasizing the development of critical thinking skills in
applying professionalism principles to new challenges raised
by SM, facilitators encouraged studentsto reflect on their roles
as physicians-in-training and how their behavior in all aspects
of their lives may reflect (positively or negatively) on their
professional identities. The students provided formative
feedback for the workshop, which can assist in refining future
iterations of it. Later versions should include more rigorous
evaluation of students’ knowledge and attitudes, to gain a better
understanding of the intervention’s potential impact.

There was a trend toward increased personal growth in the
intervention group and, specifically, anincreasein participants
humanistic approach to patients, which were unchanged in the
control group. Thisstudy was apilot phase with asmall sample
size, which does not alow definitive conclusions of
effectiveness. However, these preliminary data are promising.
It is possible that future expansions of this curriculum could be
used to combat the declinein empathy observed in prior studies
of medical students during their clerkship training [49].

Further implementation on alarger scale will be needed before
any firm conclusions can be drawn. However, the goal will be
to alow students to apply the knowledge gained from the
workshop while developing skillsin using SM and, ultimately,

Flickinger et a

promote medical humanism and professionalism. As with any
new technology, it isimportant to wei gh the risks versus benefits
inincorporating SM toolsinto medical education. No breaches
of professionalism were observed on the faculty-moderated
blog; however, expansion of the intervention does carry a
potential risk, particularly in violations of patient privacy. This
pilot blog was accessible only to faculty moderators and study
participants, to ensure that any possible inappropriate posts
would not be public and could be removed. The moderators
also worked closely with IT security consultants at their
institution to minimize potential risks. Allowing students to
practice using SM in a professional manner within a safe
environment shows promise as ateaching method that balances
the risks and benefits of SM use.

Limitations

This work has severa limitations. For the needs assessment,
there was a relatively low response rate. Although this is not
atypical of survey studies of medical trainees online behavior
[50], there may have been some selection bias if the students
who responded had different attitudes and behaviors regarding
SM than those who did not respond. Students' SM use outside
of the workshop setting was not observed. Therefore, it is not
possible to say whether their use of SM was changed by the
intervention. For the SM intervention, the major limitation was
the small number of participants, which meant statistically
significant differences were not observed. Recruitment was a
challengein termsof integrating theintervention with students’
other activities. Blog participation was aso affected by
technological problems. Thisissue could be addressed by using
a different platform for future blog interventions with links
through systemsthat students already signinto (eg, blackboard).
For both the workshop and SM-based curricula, it is difficult
to say if incidents of unprofessional behavior have been
prevented, when the baseline rate is rare and not precisely
known.

Conclusions

This paper contributes an intervention that was useful at one
institution, and could be adapted to others as well, to address
emerging issues of professionalism and SM use among medical
students. Modern medical students have grown up with SM and
may take its use for granted, without fully realizing the
implications of their online behavior in their new roles as
physicians-in-training. Medical educators have an opportunity
not only to provide valuable guidance to studentsin using SM
wisely, but also to promote the development of professional
identities by implementing SM interventions into the medical
curricula
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Abstract

Background: Research assistants (RAS) are hired at academic centers to staff the research and quality improvement projects
that advance evidence-based medical practice. Considered a transient population, these young professionals may view their
positions as stepping-stones along their path to graduate programs in medicine or public health.

Objective:  To address the needs of these future health professionals, a novel program—Program for Research Assistant
Development and Achievement (PRADA)—was devel oped to facilitate the development of desirable professional skill sets (ie,
leadership, teamwork, communication) through participation in peer-driven service and advocacy initiatives directed toward the
hospital and surrounding communities. The authors hope that by reporting on the low-cost benefits of the program that other
institutions might consider the utility of implementing such a program and recognize the importance of acknowledging the
professional needs of the next generation of health care professionals.

Methods: In 2011, an anonymous, Web-based satisfaction survey was distributed to the program membership through a
pre-established email distribution list. The survey was used to evaluate demographics, level of participation and satisfaction with
the various programming, career trajectory, and whether the program's goals were being met.

Results: Upon the completion of the survey cycle, a69.8% (125/179) response rate was achieved with the majority of respondents
(94/119, 79.0%) reporting their 3-year goal to be in medical school (52/119, 43.7%) or honmedical graduate school (42/119,
35.3%). Additionally, most respondents agreed or strongly agreed that PRADA had made them feel more a part of a research
community (88/117, 75.2%), enhanced their job satisfaction (66/118, 55.9%), and provided career guidance (63/117, 53.8%).
Overall, 85.6% of respondents (101/118) agreed or strongly agreed with recommending PRADA to other research assistants.
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Conclusions: High response rate and favorable outlook among respondents indicate that the program had been well received
by the program'starget population. The high percentage of respondents seeking short-term entry into graduate programsin health
care-related fields supports the claim that many RAs may see their positions as stepping-stones and therefore could benefit from
a professional development program such as the one described herein. Strong institutional support and sustainable growth and
participation are other indications of early success. Further evaluation is necessary to assess the full impact of the program,
particularly in areas such asjob satisfaction, recruitment, retention, productivity, and career trgjectory, but also in reproducibility

in other institutions.

(JMIR Medical Education 2015;1(2):e13) doi:10.2196/mededu.4576

KEYWORDS

research assistant; research coordinator; community engagement; mentorship; preprofessiond; training and devel opment; workforce

development

Introduction

Background

In 21%-century academic medicine, the prioritization of
evidence-based clinical practice has led to the expansion of
clinical and trandlational research and quality improvement
projects. This shift has resulted in the increased hiring of an
employee pool that includes research assistants (RAS), study
coordinators, quality improvement assistants, and other similar
positions (also identified in this paper as RAS) at academic
hospitals [1]. Despite their essential role in the research team,
RAs are often “invisible’ when it comes to their own
professional development [1-7]. A review of the medical
literature demonstrates alack of formal programming and career
development structure directed toward RAs, which may lead
them to feel isolated, undervalued, unrecognized, and
undersupported in their work [1,4,7]. This lack of community,
support, and recognition may compound additional job
dissatisfaction related to thefollowing: (1) low salary, (2) feeling
unchallenged, and (3) not doing what they expected to be doing.
Altogether, these factors may contribute to a decrease in
motivation, performance, and retention [1,7,8], and may
ultimately impact career trajectory.

Despite not being hired as trainees (eg, medical students,
residents, and fellows), RAs may represent the next generation
of medical and health care professionals [9]. The jobs they fill
may serve as stepping-stones on their path to medical school
and other graduate-level health care programs. As such,
academic ingtitutions that promote job satisfaction and
professional development among this population may benefit
not only from short-term research productivity, but also from
long-term workforce sustainability. Interestingly, very little is

http://mededu.jmir.org/2015/2/e13/

written in the medical literature on such programs, suggesting
that few, if any, exist [1,3,6,9].

The understanding that a large percentage of RAs at one
particular academic hospita fit this demographic (ie, young
adult, pregraduate) led to the development of such a program.
This article details the impact that such a program can have on
RAS professional development as well as on the ingtitutions
they work for. By presenting the unique concept and the
low-cost benefits of the program, the authors aim to encourage
other hospitals to consider establishing similar programs.

Establishment

In 2010, a team of RAs at a large pediatric teaching hospital,
mentored by a faculty physician, established the Program for
Research Assistant Development and Achievement (PRADA)
for the purpose of creating a structured learning environment
similar to the institution-wide programs aready in place for
trainees, postdoctoral and clinical fellows, and faculty. The
steps taken to implement the program included the following:
(1) developing a clear mission statement and identifying goals,
(2) receiving institutional endorsement, (3) creating a product
of valueto recruit RAS, (4) empowering RAsto run and expand
the program, and (5) forming ameansto evaluate the program's
efficacy and impact.

Once the mission statement and goals were outlined (see
Textbox 1), the program sought ingtitutional endorsement. Initial
pushback exposed concerns about productivity and whether this
was an attempt, on the part of the RASs, to form a union. Given
that the programming was set to occur during the lunch hour
and after normal work hours, and the program would not be a
venue for voicing employment-related issues, perceived
pressures were aleviated and endorsement was ultimately
received.
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Textbox 1. PRADA mission statement and goals.

Kitts et a

Mission statement

«  Toprovide astructured and supportive learning community for research assistants, study coordinators, and other young professionals to develop

into tomorrow's leadersin health care

Goals

«  Enhancejob satisfaction

«  Create aninclusive environment

«  Easeacclimation into an academic clinical environment

«  Provide career insights through panel-style seminars

« Facilitate skills development through lectures, workshops, and formal presentation

«  Foster a service-oriented mind-set and promote community engagement through service and advocacy endeavors directed toward the hospital

and surrounding communities

The initial anchoring product and recruiting tool of PRADA
was a monthly seminar series at which invited guest speakers
would speak on topics of interest to RAs, including the
following: (1) professiona guidance and skills (eg, scientific
writing, public speaking, stress management, and getting into
graduate and professional school), (2) health care-related career
talksgiven by panels of health care professionals (eg, physicians,
medical students, nurse practitioners, clinical psychologists,
and career researchers), and (3) relevant contemporary issues
(eg, hedth care reform, disparities in heath care, and
interviewing high-risk patient populations).

Steadily increasing interest and participation prompted the
creation of a unique email distribution list for PRADA. While
used primarily as a way to broadcast programming, the email
list would also serve as a tool for monitoring growth. Today,
the list includes over 500 currently employed RAs at Boston
Children's Hospital (BCH), over 50 RAs at neighboring
institutions, and over 70 alumni (ie, former RAS) at medical
schools and other health care professional training programs
who expressed interest in continued involvement prior to
leaving. Feedback, both solicited and unsolicited, from outgoing
RAs indicated that many wished they had learned about the
program earlier in their employment. This led to a partnership
with the hospital's Department of Human Resources (HR), which
now advertises the program throughout their hiring processes,
not only to promote early engagement in PRADA, but also as
amethod to enhance recruitment.

Organization

One of the earliest goas of the program was to have it run
entirely by RAs. This was accomplished in 2012 when an
executive board, overseen by two codirectors and their faculty
advisor, was formed with representation from each of the
following subcommittees: (1) Seminar Series and RA Grand
Rounds, (2) Schoolwork Assistance (a novel, RA-run tutoring
servicefor patients, and their siblings, who do not meet criteria
for public school tutoring), (3) Social Volunteerism (socia
events with volunteering themes), (4) Pre-Med Track (events
corresponding with the annual application timeline), (5) Public
Health, Community, and Advocacy (engages RAs in activities
related to health carelegidation advocacy along with community
health outreach and education with stakeholders within, and

http://mededu.jmir.org/2015/2/e13/

outside of, the hospital), (6) Membership and Communications,
(7) Alumni Affairs(connects current RAswith aumni to provide
themwith insightsinto particular programs), (8) Science Writing
Mentor Program (pairs RAswith student authorswho need help
revising and submitting manuscriptsto the Journal of Emerging
Investigators. an open-source, peer-reviewed journa that
publishes original science research performed by middle and
high school students), and (9) Interactive Music Program (RAS,
in collaboration with Child Life Services and music therapists,
provide interactive musical performances to patients).
Sustainability

Degspite the transient nature of RA employment, the structure
of PRADA has remained stable and has seen continued growth
and participation. To ensure aseamlesstransfer of responsibility
across committee positions, new executive committee members
arerecruited from within subcommittees and new subcommittee
members are recruited at events year-round. Low operational
costs also contribute to PRADA’s sustainability. Today, the
only expenses that PRADA incurs are from the lunches served
at noon seminars and the cost of running an annual summer
conference for youth interested in health care-related careers.

Methods

In 2011, an anonymous quality improvement survey was
administered to examine the demographics of PRADA’s target
audience, level of participation in and satisfaction with the
programming (data not provided), career trajectory of members,
and whether PRADA was meeting its goals. Respondents were
invited through the PRADA email distribution list, which
contained 179 unique institutional email addresses at the time
of the survey. Regarding career trajectory, participants were
asked to answer the multiple-choice question, "In three years |
would like to see myself in: same position, continued research
with increased responsibility, graduate school, medical school,
or other." Subjectswho selected other were given the option to
elaborate in a space below, accessible through branching logic.
To determineif PRADA was meeting itsgoals, alist of specific
guestions were asked with the stated goals of PRADA in mind
(see Table 1). Subjects were asked to select responses from a
5-point Likert scale with 1 representing Strongly disagree, 2
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representing Disagree, 3 representing Neither disagree nor
agree, 4 representing Agree, and 5 representing Strongly agree.
All study data were collected and managed using Research
Electronic Data Capture (REDCap) e ectronic data capturetools
hosted at BCH [10].

Results

A total of 69.8% (125/179) of invitees responded, with 100%
(125/125) of them submitting completed surveys. A total of 5
out of 125 (4.0%) were excluded based on previoudly established
exclusion criteria pertaining to employment status at BCH,
leaving afinal sample of 120. The majority of respondentswere
non-Hispanic white (89/114, 78.1%), were femae (94/116,
81.0%), were 22-26 years old (101/115, 87.8%), had a
bachelor’s degree-level education (105/119, 88.2%), and were
hired within the 2 years of survey administration (99/117,
84.6%). Most respondents (94/119, 79.0%) were seeking higher

Kitts et a

education, reporting their 3-year goal to be in medical school
(52/119, 43.7%) or nonmedical graduate school (42/119, 35.3%).
Only 8.4% (10/119) aimed to be in a research position with
increased responsibility, 5.9% (7/119) were unsure, and 4.2%
(5/119) aimed for achangein job with no research involvement.
An additional 2.5% (3/119) selected other and no respondents
selected an option to remain in the same position.

Respondents agreed or strongly agreed that PRADA had made
them feel more apart of aresearch community (88/117, 75.2%),
enhanced their job satisfaction (66/118, 55.9%), provided career
guidance (63/117, 53.8%), and connected them with research
assistants in other fields (56/117, 47.9%). Additionally, 35.6%
(42/118) agreed or strongly agreed that PRADA made them a
better research assistant. Overall, 85.6% of respondents
(101/118) agreed or strongly agreed with recommending
PRADA to other research assistants. See Table 1 for selected
outcomes of the quality improvement survey.

Table 1. Selected outcomes of the anonymous quality improvement survey administered to PRADA membership in 2011.

Survey item Strongly disagree/ Neither agree nor Agree/strongly
disagree, n (%) disagree, n (%) agree, n (%)

Would recommend PRADA to other research assistants (n=118) 4(3.9) 13(11.0) 101 (85.6)

Feel like part of research community (n=117) 11 (9.4) 18 (15.4) 88 (75.2)
Enhanced job satisfaction (n=118) 12 (10.2) 40 (33.9) 66 (55.9)
Career guidance (n=117) 16 (13.7) 38(32.5) 63 (53.8)
Connect with research assistantsin the other fields (n=117) 28(23.9) 33(28.2) 56 (47.9)
Connect with research assistants in the same field (n=118) 37 (31.9) 40 (33.9) 41 (34.7)
Become a better research assistant (n=118) 20(16.9) 56 (47.5) 42 (35.6)
Connect with a mentor (n=116) 43(37.1) 48 (41.4) 25(21.6)

Discussion

Principal Findings

The PRADA survey team set out to collect datafor the purpose
of quality improvement, as well as to assess career trajectory,
and determine whether it was meeting its goas. The high
percentage of RAS (94/119, 79.0%) indicating a 3-year goa of
being in graduate or medical school supports the original
hypothesisthat many RAs seetheir positions astemporary posts
along their way to higher education and more advanced
positions. The premise that these RAsmay find such aprogram
valuable was supported by the large percentage of RAs who
participated (125/179, 69.8%) and the large percentage of those
who agreed or strongly agreed with recommending PRADA to
others (101/118, 85.6%). Additional outcomes demonstrated
that PRADA was meeting its first goa—to improve job
sati sfaction—with 55.9% (66/118) selecting agree or strongly
agree on the Likert scale for this item. There was some
indication that PRADA isonits way to meeting its second and
third goals—to create an inclusive environment and to ease
acclimation into an academic medical setting—given that 75.2%
(88/117) of respondents indicated that they felt more a part of
a research community and 47.9% (56/117) indicated that
PRADA helped them meet RAsin other fields. However, further
investigation is necessary to determine whether or not this has

http://mededu.jmir.org/2015/2/e13/

changed over time. Determining whether the final three
goals—to offer career guidance, to facilitate skills devel opment,
and to promote a service-oriented mind-set through community
engagement and advocacy opportunities—are being met requires
further investigation, but high ratings of related programming
(data not included) indicates that PRADA is on the right track
toward meeting them. In all, outcomesindicate moderate success
for PRADA bearing in mind the survey was conducted in 2011,
1 year prior to the expansion of the program into what it istoday.

Other observable indicators of successinclude arecent attempt
to replicate the PRADA model a a neighboring
Harvard-affiliated academic hospital by an alumnus,
endorsement from the Boston Children’s Hospital Department
of Human Resources, and inclusion of PRADA program
materials in recruiting and hiring processes, which speaks to
the value the institution seesin the program. In April 2015, the
executive committee and the founding faculty physician received
the 2015 Harold Amos Faculty Diversity Award, established
to recognize and celebrate faculty who have made significant
achievements in moving Harvard Medical School and Harvard
School of Dental Medicine toward being adiverse and inclusive
community.
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Limitations

Limitations include a small sample size taken primarily from
one ingtitution. Additionally, the survey, having been designed
for quality improvement purposes, did not have acontrol group,
nor did the survey team obtain a baseline satisfaction for
comparison. Additionally, the survey could not compare its
demographic distributions against the hospital's records to
demonstrate inclusivity. However, recent collaborations with
HR have made this possible going forward.

Future Directions

In responseto the limitations of the survey administered in 2011,
PRADA's survey team created a more substantial, Institutional
Review Board-exempt, longitudinal study of its membership to
further evaluate whether its programming has a significant
impact on job recruitment and retention, job satisfaction,
commitment to the institution and/or the field of pediatrics, as
well as career trgjectory. Additional questioning is being
employed to better assess PRADA's progress toward meeting
its goals, and demographic data will be compared with HR
records to ensure inclusivity. The team aso plans to explore
reproducibility at other academic institutions.

Conclusions

This program model offers RAs many unique and diverse
opportunitiesto contributeto initiatives that they are passionate
about without interfering with their work responsihilities.
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Organizing and/or participating in such activitiesfacilitates the
acquisition of skill sets considered desirable by admissions
committees and expected of trainees[11-12]. Theseincludethe
leadership, administrative, and team-building skills necessary
to run, sustain, evaluate, and improve a program. These skill
sets also include working with under-represented popul ations,
learning how to engage community stakeholders, taking part in
public health education and advocacy, and providing mentorship
to the youth that will one day replace them; this promotes a
service-oriented mind-set that encourages them to give back to
their communities and effect positive change in their everyday
and professiona lives. At the same time, members have the
opportunity to interact with patients, present their research, and
learn about the various career pathsthat lay ahead of them while
forming lasting relationships with colleagues and mentors.

Summary

PRADA is alow-cost, sustainable program that may improve
overal job satisfaction by addressing areas of potential
dissatisfaction for RASs. It also offers opportunitiesthat promote
growth, accomplishment, contribution, and corporate citizenship
[8]. Preliminary data suggest that PRADA ismovingintheright
direction with its goals, but further evaluation is necessary to
measure its full impact and the potential impact of such a
program in other ingtitutions. The authors encourage other
institutionsto consider implementing such aprogram asameans
for improving the quality of training that RAs obtain on their
paths toward becoming tomorrow's leadersin health care.
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Abstract

Background: While medical students and residents may be utilizing websites as online learning resources, medical trainees
and educators now have the opportunity to create such educational websites and digital tools on their own. However, the process
and theory of building educational websites for medical education have not yet been fully explored.

Objective: To understand the opportunities, barriers, and process of creating a novel medical educationa website.

Methods: We created a pilot psychiatric educational website to better understand the options, opportunities, challenges, and
processes involved in the creation of a psychiatric educational website. We sought to integrate visual and interactive Web design
elements to underscore the potential of such Web technology.

Results. A pilot website (PsychOnCall) was created to demonstrate the potential of Web technology in medical and psychiatric
education.

Conclusions. Creating an educational website is now technically easier than ever before, and the primary challenge no longer
istechnology but rather the creation, validation, and maintenance of information for such websites aswell astransl ating text-based
didacticsinto visual and interactive tools. Medical educators can influence the design and implementation of online educational
resources through creating their own websites and engaging medical students and residents in the process.

(JMIR Medical Education 2015;1(2):€14) doi:10.2196/mededu.4580
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psychiatric educational website, and relevant considerations
about the present and future role of physician-developed Web

In the dynamic and rapidly advancing modern technological ~ technology in medical education.

landscape, theroleof digital learning toolsin medical education  Medical students and residents areincreasingly relying on Web
is an emerging area of study. Although much has been written  technologies as their primary educational resources. A recent
about online resources and learning in medical education, there  gyrvey of fourth-year medical students found that on a daily

is alack of studies on physician’s role in the development of  pasjs, for educational purposes, 76% used Google searches,
these digital tools. This paper describes the creation of a pilot
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83% used Wikipedia, 57% used UpToDate, and only 8% used
bibliographic databases. [1]. Another survey study of residents
of psychiatry revealed that the majority of respondents relied
on onlineresourcesinstead of textbooks, with the most utilized
website being UpToDate, closely followed by Wikipedia and
PubMed [2].

The variables driving the preference for and sel ection of online
educational resources are multifold. Although there are
numerous novel and effective uses of technology in medical
education including gamification [ 3], feedback dashboards[4],
social media [5], and virtual reality [6], websites remain the
most frequently utilized digital resource. The high rate of use
of Wikipedia and similar resources suggests that medical
trainees are relying in part on user-created content for their
education. Furthermore, in arecent survey of pediatric residents
about preferences for educational website functions, 100% of
respondentswanted pictures, 93.2% interactivity, 88.9% digital
videos, 88.6% linksto articlesand research, and 86.4% graphics
and animation [7]. These reports suggest that medical trainees
value the interactive and multimedia potential of Web-based
educational resources for learning and understanding their
subject materials.

Modern Web technology now offers a novel opportunity for
medical educators and trainees to not only be consumers of
educational websites, but also participate in their creation.
Technology has evolved to make the development of custom
websites affordable, feasible, and educationally valuable.
Understanding the process of developing digital technologies
for medical and psychiatric education provides an opportunity
for physician educatorsto leverage technol ogy to better engage
learners around relevant and quality content. A firsthand
narrative describing the construction of a novel educational
website for psychiatry trainees, PsychOnCall, provides a lens
through which one can understand the current barriers,
capabilities, and future opportunities for physicians in
integrating technology development and teaching.

The value of understanding the creation and development of
websites is best understood and framed in the context of
advances in medical education theory. Adult learning theory,
which highlights the active role of the learners’ aspirations, as
applied to residents of psychiatry suggests they are motivated
more by personal interests and clinical relevance of topicsthan
by training requirements [8]. The flipped classroom model, in
which residents learn foundational material on their own and
then use didactic time to discuss or apply such knowledge,
encourages active learning and self-discovery of knowledge
[9]. In the same vein, while a website may classically be seen
as source of knowledge for learning, in the flipped classroom
model it can aso serve as a source of knowledge through
creating content. Using Web technology, collaboration and
activelearning are no longer limited to just physical space, and
several successful educational websites, such asthat of the Kahn
Academy, have been developed to realize this potential.
However, there currently does not exist any widely available
psychiatry-specific resource.

When it comesto training faculties and trai nees, the competency
of technologically minded individuals varies significantly, just

http://mededu.jmir.org/2015/2/e14/
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asthe case with wide rangein competency in clinical knowledge
and research literacy among theseindividuals. The creation and
maintenance of a Web-based educational tool with clinically
sound educational material can potentially serve as a venue to
merge bidirectiona teaching and learning in all 3 realms,
namely, technology, clinical knowledge, and research literacy.
More technol ogically minded trainees could educate and engage
faculty members on the use and benefits of technol ogy through
this endeavor, while faculty members can educate and engage
the trainees in systematically reviewing the quality of clinical
material to be used for the website. Thelatter thereby reinforcing
thecliché “Do not believe everything you read on the Internet.”
It could also foster discussions on ways in which different
learners learn and how to optimize the use of technology to
benefit multiple learning styles. This endeavor may also help
identify trainees and faculties who may benefit from or be
interested in further training in biomedical and clinical
informatics, which isagrowing field in medicine.

Thus, it seems that advances in technology and educational
theory offer the opportunity for medical trainees and training
programsto play an activerolein the creation of an educational
website that is visually appealing, dynamic, and interactive,
where both teachers and trainees can learn from each other. Our
goa was not to build that website but to rather explore the
processto provide apilot experiencefor an eventual large-scale
project recognizing the value in understanding the devel opment
of educational technologies[10]. While we discuss the process
of constructing our single specific website, PsychOnCall, we
believe that the process of creating this website could provide
valuable generalized lessons regarding both the opportunities
and barriers that any resident, clerkship director, or program
director will likely face when trying to build their own
educational website.

Methods

PsychOnCall: A Pilot Psychiatric Educational Website

A pilot psychiatric educational website (PsychOnCall) was
created to better understand the options, opportunities,
challenges, and processes involved in the creation of a
psychiatric educational website. We sought to integrate visual
and interactive Web design elementsto underscore the potential
of such Web technology. These elements are described in the
following sections.

Thinking Visual

Web technology has advanced to a point where the barriers
toward creating avisual, interactive, and dynamic website have
been greatly reduced. Code to create such graphics is freely
available at websites such as D3. However, the challenge now
liesnot in the coding, but rather in trand ating classically abstract
and static psychiatric concepts into visual and dynamic
templates.

For example, in planning how to present medications we did
not want to just provide alist of medications but rather create
an interactive branching tree that responds to users clicking on
various levels of the tree (Figure 1). This dynamic approach
allows the user to visualize the classification and hierarchy of
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aspecific medication while still providing detailed information
as well as making alternative choices apparent. A further
advantage is the ability to provide customized links to the
primary source literature, which can change with each click so
that, for example, core papers on fluoxetine can be displayed
when the user selects such alink (Figure 1).

Another example of transforming more static data into a
dynamic learning experience is seen in the presentation of lab
value. Classically, lab reference data may be displayed on a
printed chart; however, by using Web technology these data
can be represented with a dlider bar (Figure 2) that displays
relevant differential diagnosisinformation depending on where
the user moves the slider bar.

In addition, such a website can also be used for collaboration
and information sharing between trainees. We created a page
(Figure 3) designed for sharing video lectures, educational
material, core papers, podcasts, and important websites. As
trainees could easily upload their own resources, such awebsite

Torous et al

has the potential to foster digital collaboration and empower
residentsto create and disseminate their own teaching materials.

Finally, the interactivity of websites is well suited to make
treatment algorithms more engaging, dynamic, and educational .
We collaborated with the psychopharmacol ogy a gorithm project
at the Harvard South Shore Psychiatry to use one of their
algorithms to pilot on our website (Figure 4). The ability to
directly visualize the PubMed links related to each step in the
algorithm may remind trainees to consider the evidence and
literature that individual recommendations are based on, and to
learn more by exploring individual papers.

The possibilities are broad and advances in Web technology
will continue to offer new tools to visualize and interact with
educational information. We do not claim to know the optimal
way to display psychiatric material in a visual and dynamic
manner but hope this will become an active area of study by
educational experts.

Figure 1. A dynamic medication tree can offer a‘big picture’ view of how amedication fitsinto a class/family while simultaneously presetting specific

information for that medication.
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Figure 2. Dynamic slider bars and other interactive features can present information on lab testsin amore engaging manner as seen above for athyroid

lab test.
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Figure 3. Web technology can make learning more social and offers the opportunity for trainees to contribute their own ideas and links in the form of

papers, videos, audio, lectures, and more as seen above.
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Results

Overview

The pilot website (PsychOnCall) created demonstrated the
potential of Web technology in medical and psychiatric
education. With the created website, the opportunities, barriers,
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and process of creating a novel medical educational website
were evaluated.
Challenges

Even given the pilot nature of our project and goal to explore
the potential of Web technology for creating a psychiatric

JMIR Medical Education 2015 | vol. 1 |iss. 2 [e1l4 | p.32
(page number not for citation purposes)


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

JMIR MEDICAL EDUCATION

educational website rather than building afully usable website,
we ran into the following challenges, which would likely have
to be well thought out before beginning a large-scale website
project.

Cost

Although there are many approaches toward building awebsite,
many of them will involve some direct cost. Utilizing template
website services such as Weebly, WordPress, or Squarespace,
it possible to both create and host a professional appearing
website at low cost. Custom programming will cost more,
although many academic departments or universities often have
in-house programmersthat may reduce cost. Finally, tech-savvy
residents and educators may actually be able to accomplish the
majority of required work. While cost is aways an important
issue, it isworth noting that 16 years ago, computer technology
inapsychiatry residency wasviewed as an investment [11], but
today it is seen as a necessity.

Content

Finding a source of high-quality and accurate content related
to psychiatry education can prove difficult as residents do not
have the experience or credentials to create one alone. Active
review and vetting by senior faculty members are necessary to
ensure any uploaded information is accurate. Thus, before
creating an educational website, it will be necessary to ensure
good collaboration between faculty and residentswith an agreed
upon content review process.

Updating

Asthe knowledge base of psychiatry keeps rapidly expanding,
it will be necessary to ensure that any information posted on an
educational websiteiswell curated and kept up-to-date. Asthe
website expands in content, this updating process may become
substantial and require dedicated efforts. Thus, before building
awebsite, it is necessary to have along-term framework for its
continuation. Whileindividual residents may graduate or faculty
may leave, aplan should bein place to ensure that the website
will remain updated and accurate in the long term.

Access

While an educational website offersthe potential to easily share
information with anyone in the world, understanding both who
should and who can access the website is important. The risk
of the public accessing the website and creation of an unintended
patient-doctor relationship must be kept in mind and any website
publicly posted should be well reviewed by the legal team of
the hospital concerned and contain all necessary local, state,
and federd disclosures. Password protecting the website, thereby
limiting access to residents or medical students, is a potential
solution. Fully understanding the desired accessibility before
building the website would be important in shaping both its
security and scope.

Discussion

While building our pilot website we focused on exploring the
potentials of Web technology to enhance general medical as
well as psychiatric education and the understanding of the
process necessary to construct such a website. Online

http://mededu.jmir.org/2015/2/e14/
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educational websites remain a nascent field and there are many
exciting avenues for such to develop along. Although there are
technological barriers to implementation, we believe that these
barriers will continue to diminish and that the true barrier at
this point is the design, trandation, and validation of core
psychiatric concepts presented on the page and their conversion
into interactive and visual formats.

Rather than be flooded by a sea of websites, medical aswell as
psychiatric educators now have the opportunity to develop their
own online resources as a hub of education. While the creation
of websites is not novel, the increased reliance on them by
trainees and the increased ease of creating them is novel and
important. Using Web technology, now at apoint wheretrainees
can create websites as in our example, technology is no longer
only amedium for educational knowledge but also atool to be
planned, developed, and learned.

While the potentials of digital learning to provide personalized
adaptive or collaborative learning have been widely discussed
and defined [12], actually implementing such in clinical
education has been less well documented. Considering
technology itself asatool to belearned by medical trainees has
been even less discussed. As we demonstrated, the actual
creation of such a website even with a social/collaborative
component is technically feasible and easily constructed. The
challenge now is observing and understanding how trainees
may actualy use such a website and how various learning
theoriestranslateinto an onlinereality. Medical and psychiatric
educators now have the opportunity to conduct such studiesand
gather actual user data.

However, in order for such to succeed there should be several
well-established processes before construction of any actual
website. Understanding how content will be created and who
will review and approve it are barriers that will likely become
of increasing importance. Likewise, understanding how such
content will be updated is another important consideration. A
potential solution grounded in adult learning theory and the
open classroom model is that trainees will provide the content
and actively review the quality of the material with faculty as
a shared process, which would simultaneously promote
education in research literacy. However, the actual
implementation of such remains unproven.

Despite the increasing prevalence of website use in medical
education and psychiatry, much also remains unknown and
unproven. While our paper does not present any user or subject
data, our goal hereisto not the highlight the merits or faults of
any one unique website but rather consider the motivations and
processes around creating such tools. Although there continues
to be newer technologies, for example, virtual reality headsets
and smart watches, websites currently remain the core
technology that medical trainees continue to rely on. A better
understanding of their use and the process of their creation is
the important first step for medica education to better
understand and utilize technology for teaching.

Although creating such processes will not be a simple task,
starting to think of solutions now is important in ensuring that
psychiatric educators will be able to influence the design and
implementation of online educational resources. Following the
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recommendations of the Working Group on the 2011 conference
“A 2020 Vision of Faculty Development Across the Medical
Education Continuum,” we agree that technology should be
used to supplement but not repl ace face-to-face experience, that
medical schools should alocate a variety of resources and
support, and that national organizations should providefunding
and leadership [13]. Whileit isimpossible to define that tipping
point where the investment and necessary resources decrease

Torous et al

and the potential educational benefit increases, perhaps
psychiatric education is how at that very tipping point with the
future of online educational resources in motion. At one point
in time, 16 years ago to be exact, it was noted that “ software
[for residency administration] will require both afinancial and
time investment before there can be dividends’ [11] and today
we would argue that online educational websites today are at
that same crossroads.
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Abstract

Background: Theinclusion of new technologies in education has motivated the development of studies on mental workload.
These technologies are now being used in the teaching and learning process. The analysis enables identification of factors
intervening in this workload as well as planning of overload prevention for educational activities using these technologies.

Objective: To analyze the mental workload of an educational intervention with the Mobile Virtual Learning Object for the
Assessment of Acute Pain in adults and newborns, according to the NASA Task Load Index criteria.

Methods: A methodological study with data collected from 5 nurses and 75 students, from November of 2013 to February of
2014.

Results: The highest students' and specialists means were in the dimensions of “Mental demand” (57.20 £ 22.27; 51 + 29.45)
and “ Performance” (58.47 + 24.19; 73 £ 28.85). The specialists mental workload index was higher (50.20 £ 7.28) when compared
with students' (47.87 + 16.85) on a scale from 0 to 100 (P=.557).

Conclusions: The instrument allowed for the assessment of mental workload after an online educational intervention with a
mobile learning virtual object. An excessive overload was not identified among participants. Assessing mental workload from
the use of educational technologies at the end of atask isakey to their applicability, with the aim of providing a more effective,
stimulating, and long-lasting experience of the learning process.

(JMIR Medical Education 2015;1(2):€15) doi:10.2196/mededu.4958

KEYWORDS

nursing; nursing informatics; distance learning; computer-assisted instruction; educational technology; nursing education; acute
pain; persuasive technology; mental workload

defined as aunit that creates an educational context, isreusable
in different learning contexts, and consists of an active and
Following the evolution of information and communications ~Constructive teaching-learning strategy [1-3].

technologies (ICTs), the concept of the virtual learing object  Theinterest in research on the organization of mental workload
(VLO) has been emphasized in the educational scenario. It is  hasgradually increased given the popularization of information

Introduction
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and communi cationstechnologies (ICTs) intheworkplace. The
use of technology has also increased in teaching and learning,
resulting in a growing interest for understanding the flow of
information, as well as the mental workload generated by the
use of these technologies [4].

Considering the current technological advances, some issues
related to the teaching and learning process need to be reviewed;
additionally, thereisaneed to establish metricsfor the effective
assessment of important parameters that can affect students
performance, such as mental workload.

Mental workload can be defined as the interaction between
internal and external factors and the individual, resulting in a
subjectively described experience [5]. This is the effect that a
particular demand has on the individual in terms of mental and
physical effort, which can berelated to the amount of processed
information, as well as the effort for the performance of that
particular task [6].

It should be noted that the assessment of mental workload is
subjective, namely, it is assessed from the perspective of the
person performing the task, not the task itself. The assessment
depends on individual characteristics that can increase or
decreasethisindividual perception. These characteristicsinclude
theindividual’s knowledge for performing the task, experience
with the activity, age, education, humor, etc. [7-9].

The assessment of mental workload assumesthat anindividual’s
burnout level is directly associated with his’her ability to
perform acertain activity [10-12]. In this sense, the NASA Task
Load Index (NASA TLX) has been more widely used, which
isfreely availableto researchers (see Multimedia Appendix 1).

Although theinterest in measuring mental workload asameans
of understanding human-machine interfaces has been around
for someyears, only for thelast 20 years has there been interest
in the study of this effect on Web-based learning in humans
[13-19].

By identifying the rates of the dimensions that construct the
mental workload, it can be classified as either “overloaded” or
“underloaded.” Overload correspondsto asaturation of resource
consumption, whereas underload results from the lack of
stimulus to perform the task [20].

The calculation of mental workload through the NASA TLX
combinesthe assessment rates of different dimensionsand their
weights, weighted according to their subjective importance for
agiven task [21]. In addition, studying the factors intervening
in mental workload from a given task enables the planning of
overload prevention during activities performed by these
individuals[20], and can assist with the planning and devel oping
of educational technologies.

The aim of this study was to analyze the mental workload of
an educational intervention using the Mobile Virtual Learning
Object for the Assessment of Acute Pain (m-OVADor) in adults
and newborns, according to the NASA TLX criteria.

http://mededu.jmir.org/2015/2/e15/
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Methods

A methodological study [22] approved by the Research Ethics
Committee at the Universidade Federal de Santa Catarina
(UFSC) in 2012 (certificate 2456), with online data collection
from November 1/2013 to February 15/2014.

A total of 170 studentsin the second to the eighth semesters of
the undergraduate nursing course were eligibleto participatein
this study, of which 120 agreed to do so. The nonprobabilistic
and intentional final sample, after applying the exclusion criteria,
included 75 students and 5 specialist nurses, who completed all
planned steps. All participantswereidentified by alphanumeric
codes, students S1 to S75 and nurse specialists NS1 to NSb.

The inclusion criteria for students were (1) being regularly
enrolled in the second to the eighth semester of the
undergraduate nursing course at UFSC during the study period
and (2) being available for online participation in the study
during an extracurricular period. Theinclusion criteriafor nurse
specialists were (1) minimum of a master’s degree; (2) anurse
with minimum experience of 2 yearsin the critical care area,
neonatol ogy/pediatrics, and/or medical-surgical clinic; (3)
experience with the use or development of ICTs in the
teaching-learning processin nursing; (4) having amobile device
with Internet access (cell phone, smartphone, personal digital
assistant, or tablet). The exclusion criterion was missing any of
the study steps.

All participants received the instructions to participate in the
study via email and Facebook. The m-OVADor was accessed
from their own mabile devices (see Multimedia Appendix 2).

The technology developed for the study had 3 different
simulated clinical scenarios (surgical clinic, adult intensive care,
and neonatology; see Multimedia Appendix 3), which enabled
the study of different variables involved in the assessment of
acute pain (Figure 1).

| dentification of the measuresrequired for the analysis of mental
workload of students and specialists (rate, weight, magnitude,
and mental workload index) was performed by application of
the NASA TLX instrument [11], according to the following
protocol (Figure 2).

The NASA TLX used in the study is a version that was
translated and adapted by the authors, available for free use on
the NASA website (see Multimedia Appendix 1). Accessto the
electronic instrument for data collection was made available to
participants through the Google Drive tool.

The application of the NASA TLX provides a subjective
assessment of mental workload, namely, an assessment from
the perspective of the person performing the task
(self-assessment). This tool was chosen because of its ease of
application, objectivity, and low cost of implementation [7].

The assessment of the participants mental workload was
performed in 3 stages: assessment of weights for each
dimension, assessment of rates for each dimension, and
calculation of mental workload index (overload).
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Initially, for the assessment of the weights for each dimension,
15 pairs of combinations between 6 assessment dimensions
were presented to the participants (effort and physical demand,
mental demand and effort, temporal demand and frustration,
frustration and effort, performance and frustration, temporal
demand and mental demand, temporal demand and effort,
physical demand and temporal demand, effort and performance,
frustration and mental demand, physical demand and frustration,
performance and mental demand, mental demand and physical
demand, performance and temporal demand, and performance
and physical demand). At this stage, only 1 option should be
selected in each pair, which should be the most prominent one
during the proposed activity [23].

The frequencies assigned to each dimension were summed up
and the results were expressed on a scale of 0-5. Then the rates
assigned to each dimension were identified from the

Alvarez et a

participants’ indication on a scale of 0-100 with 20 five-point
equal intervals[23].

The weight of each dimension was multiplied by its respective
rate, and the magnitude of mental workload was obtained. The
magnitude values of the 6 dimensions were summed up, their
resultsdivided by 15, and the mental workload (overload) index
was obtained [23].

The data were exported to electronic spreadsheets using Excel
for Mac 2011 for data classification and analysis of the mental
workload (overload) index. The dimensions comprising this
mental workload were analyzed by descriptive (mean, minimum,
maximum, standard deviation, and variance) and inferential
(Student t test, analysis of variance [ANOVA] and Bonferroni)
statistics. A significance level of P<.05 for a 95% confidence
interval was used in this study.

Figure 1. m-OVADor structure for access and assessment of acute pain in clinical scenarios.
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Figure 2. Protocol for the analysis of mental workload from the NASA TLX instrument.
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Results

Students and Specialist Nurses Characteristics

The sample (n=75) comprised young students between 19 and
32 years of age (22.65 + 3.12 years). Most were women (92%,
69/75) and exclusively dedicated to studying (79%, 59/75); only
8% (n=6) were working as nursing technicians.

Regarding the semester of the students (n=75) at the time of
data collection, the following distribution was observed: 1%
(n=1) in the second semester; 27% (n=20) in the third semester;
17% (n=13) in the fourth semester; 9% (n=7) in the fifth
semester; 9% (n=7) in the sixth semester; 12% (n=9) in seventh
semester, and 24% (n=18) in the eighth semester.

As for the use of the Internet in their persona and academic
environments (multiple-choice questions), 131 answers were
obtained, distributed as follows: 46% (60/131) accessed the
Internet on their [aptops; 34% (45/131) on mobile phones; 13%
(17/131) on desktops, and 7% (9/131) on tablets.

Table 1. Rate, weight, magnitude and mean overload® of students (n=75).

The results draw attention to the issue of connectivity from
small-sized mobile devices, thereby confirming the global trend
of popularization of these technologies among young people
[24].

Regarding the sociodemographic characteristics of specialist
nurses (n=5), 100% (n=5) were female, 80% (n=4) had a
master’ s degree, and 20% (n=1) had adoctorate. Asfor thearea
of experience, the participantswere distributed in thefollowing
areas. education and/or providing care for pain (40%, 2/5),
nursing informatics (40%, 2/5), and medical surgical (20%,
1/5). All used mobiletechnol ogies and the Internet for personal
and academic reasons every day.

Mental Wor kload Assessment

The application of NASA TLX enabled identification of the
rates, weights, and magnitudes assigned to 6 assessment
dimensions, which were used to calculate the overload. Tables
1 and 2 show the results obtained from the assessment performed
by students and specialists, as well as the mean overload for
each group, respectively.

Dimensions Rate Weight Magnitude
Mean SD Mean SD Mean SD

Mental demand 57.20 22.27 3.80 .92 217.27 110.41
Physical demand 29.27 2791 1.08 .93 30.47 42.83
Tempora demand 37.67 24.14 3.08 147 122.27 102.26
Performance 58.47 24.19 3.55 121 216.73 121.65
Effort 40.73 2324 2.69 .84 112.13 72.75
Frustration 30.60 27.80 0.80 115 36.93 71.89

3Mean overload of the studentsis 47.87.
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Table 2. Rate, weight, magnitude, and mean overload of specialists (n=5).2

Alvarez et a

Dimensions Rate Weight Magnitude

Mean SD Mean SD Mean SD
Mental demand 51 29.45 3.40 .89 175 110.79
Physical demand 10 8.66 40 .55 2 274
Tempora demand 30 34.10 2.60 1.82 89 112.05
Performance 73 28.85 4 1 294 134.69
Effort 49 34.53 2.20 1.30 121 129.05
Frustration 21 19.49 2.40 1.82 72 80.44

@Vlean overload of the specialistsis 50.20.

Students and specialists obtained the highest means in these
respective dimensions: “Performance” (58.47 + 24.19, 73 £
28.85) and “Mental Demand” (57.10 £ 22.27, 51 + 29.45). It
should be noted that the dimension “Physical Demand” (29.27
+ 2791, 10 £ 8.66) was identified as the one that least
contributed to mental workload during the educational
intervention. In general, the distribution of rates assigned by

the participants for each dimension had the same behavior
(Figure 3).

The repeated measures one-way ANOVA was used to identify
statistically significant differences in the mean values of the 6
dimensions of mental workload for the group of students (Table
3).

Table 3. Analysis of variance between means of assessments of the 6 dimensions of NASA TLX by students.

Assessment sources Sum of squares  Degrees of freedom Mean sguares Critical factor P vaue
Factor 1 (6 dimensions) 61.053 5 13.570 29.45 <.001
Error 153.417 333 461 — —

To identify the significant variables according to the ANOVA
test, the Bonferroni test was applied, with no statistically
significant differencein the mean values of thefollowing pairs:
“Mental Demand” and “ Performance,” “ Physical Demand” and
“Tempora Demand,” “Physical demand” and “Frustration,”

“Temporal Demand” and “Effort,” and also “ Temporal Demand”
and “Frustration.” For the other possible comparisons,
significant differences between means were identified (Table
4).

Table 4. Comparison between the means of mental workload in 6 dimensions analyzed for students (n=75).2

Dimensions Mean 95% Confidence interval
Mental demand 57.20° 52.07-62.35
Physical demand 29.27° 22.85-35.69
Temporal demand 37.67 32.11-43.22
Performance 58.47° 52.90-64.03
Effort 40.73% 35.38-46.09
Frustration 30.60° 24.20-37.00

3Equal lowercase letters do not statistically differ according to the Bonferroni test.

The ANOVA test could not be performed for comparison of
means of assessment of the instrument dimensions due to the
small number of specialist nurses. With regard to the mental
workload index (overload), the specialists mean was higher

http://mededu.jmir.org/2015/2/e15/
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(50.20 £ 7.28) when compared with the students' mean (47.87
+ 16.85). Among the students, 2 outliers were identified (S47
and S67), which had high overload means (90.33 and 100),
moving away from the means of most students (Figure 4).
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Figure 3. Mean rates of students (n=75) and specialists (n=5) for the NASA TLX dimensions.

100
90
80
70
60
50

51.00
40

30

Mental workload rate

Mental
Dremand

Physical
Demand

130.00
20
10 W 10.00

Temporal
Demand

== Specialists

== Students

|, 49.00

30.60
40.73

21.00
Frustration

Performance Effort

Assessment dimensions

Figure 4. Box plot of the students' (n=75) and specialists' (n=5) overload means.

20

: |

40

40

Overload

Students

Discussion

Preliminary Findings

The increasing inclusion of VLOs and mobile devices for
teaching and learning in nursing has a so been raising concerns
about the assessment of mental workload that these resources
can causein their users, The assessment of these factors becomes
essential to develop new directionsfor technological productions
using these resources.

The analysis of the perceived mental workload from a given
task is complex and personal, because it includes both specific
characteristics of the task and the effort required for its
development, which also has a direct relationship with the
individual’s personal factors such as motivation, skills[3].

From the application of the NASA TLX instrument after an
educational intervention using aVLO, we present the discussion
of our results, starting with the sampl e characterization, followed

http://mededu.jmir.org/2015/2/e15/

RenderX

Specialists

Group

by an analysis of individual assessment rates of the 6 dimensions
of the instrument and the overload of students and speciaists.

During the analysis of the students’ sociodemographic
characteristics, it was found that although UFSC provides free
Wi-Fi networks for students, students report that they most
frequently accessthe Internet at their own homes 63% (70/111).
This finding can be explained by the fact that the students are
more focused on actual classes at the university, using other
spaces to complement their online learning.

The fact that 7% (8/111) of the students access the Internet
regularly during commuting also drew attention, confirming
the global trend of mobility of individuals made possible by the
use of mobile devices. Currently, technologies are very popular,
especialy for providing easy accessto information, regardless
of time or space [25].

Regarding rates, the 6 dimensions were similarly assessed by
both students and specialists, with the dimensions
“Performance” and “Mental Demand” standing out, as these
had the highest assessment means.
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Thedimension “Performance” aimed at measuring how satisfied
participants felt with their own level of performance for the
assessment of pain using the m-OVADor. It had the highest rate
of assessment, both among students (58.47 + 24.19) and
specialists (73 + 28.85).

The assessment indicates a positive contribution of technology
to learning acute pain assessment using mobile devices,
suggesting it as a viable process to be used in the
teaching-learning process in nursing, comparable to results of
previous studies [7-9].

By contrast, “Mental Demand” had the second highest rate,
both among students (57.20 + 22.27) and specialists (51 +
29.45), indicating that the educational intervention through
m-OVADor demanded a greater mental workload, especially
regarding the amount of mental activity for execution (think,
decide, remember, look, and search).

Thismay be associated with the fact that the simulation of pain
assessment in clinical scenarios requires constant involvement
and judgment by the individuals, and may aso be due to
accessing content from mobile devices.

By contrast, “Physical Demand,” defined as the amount of
physical activity that the online educational intervention
demands from the individual, was indicated by students (29.27
+ 27.91) and speciaists (10 £ 8.66) as the dimension that
contributed least to the mental workload, just as reported in a
previous nursing study [18].

For some authors[26], thisresult isjustified by the low physical
demand required for the handling of small mobile devices, which
are very popular nowadays. The result is justified by both the
familiarity of these individuals with accessto the Internet, and
the use of their own mobile devices in their academic and
personal daily life, which would facilitate interaction with them.
In addition, there is the project presentation, which sought to
simplify the presentation layout of m-OVADor, thereby
facilitating navigation through clinical scenarios.

Thepresenceof 2 outliers (S47 and S67), which were distanced
from the mean of most participants, with high levels of overload
from the online educational intervention, can be explained by
theindividual perception of theseindividuals at thetime of data
collection, occurring at the end of the school year, when all
students had examinations and term papers.

It must be considered that the assessment of mental workload
is considered a complex and personal function, which also
involves the specific characteristics of the task, the effort for
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its performance, and the direct rel ationship between motivation,
emotional state, skills, among others[7].

Still, workload can be influenced by the nature of the task,
especialy when considering that the educational intervention
with m-OVADor included access to 3 different clinical
scenarios, in which there were a diversity of resources
(animation, short texts with definitions and/or descriptions,
assessment exercises, and also the clinical judgment to determine
nursing diaghoses and interventions), required for the assessment
of each presented context.

One should also consider that mental workload generated from
VLOs can relate to factors such as the complexity of the
individual, resources used for the development of the activity,
and factors unrelated to content, such as the multimedia
resources used [27-29].

In this sense, one should also reflect on increasing access to
mobile devices with Internet access, and the potentia of these
technologies when applied in the teaching-learning processin
nursing.

Arguably these technologies have become popular, especialy
for theflexibility that allows usersto quickly accessinformation
at any place or time, to expand their potential to transform
individuals' attitudes and behaviors [30,31].

Specifically in the context of this study, an assessment of mental
workload has indicated that the use of these technologies is
feasible in higher education in nursing, and can influence the
way students build their knowledge, establishing an innovative
process for teaching/learning.

Conclusions

The NASA TLX instrument demonstrated applicability for the
assessment of mental workload from the use of m-OVADor.
Theresults enabled analysis of the sources related to students’
and specialists mental workload from the use of a VLO
accessed from small mobile devices. The analysisrevealed that
thedimension “Mental demand” obtained agreater weight both
from the students and specialists perceptions, which is
expected from technologies for onlinelearning, dueto thelevel
of attention that they require. Although the study achieved the
proposed aim, in no way did it intend to exhaust the possible
approaches to the theme. The development of other studies to
explore the theme from other perspectivesis recommended, to
deepen our understanding of the effects of mental workload on
learning outcomes and even when planning new strategies for
mobile learning in nursing education as well as for validation
of theinstrument in Brazil.
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Multimedia Appendix 1
Nasa Task Load Index Form.
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Abstract

Background: The Semantically Annotated Media (SAM) project aimsto provide a flexible platform for searching, browsing,
and indexing medical learning objects (MLOs) based on a semantic network derived from established classification systems.
Primarily, SAM supports the Aachen emedia skills lab, but SAM is ready for indexing distributed content and the Simple
Knowledge Organizing System standard provides a means for easily upgrading or even exchanging SAM’s semantic network.
Thereisalack of research addressing the usability of MLO indexes or search portals like SAM and the user behavior with such
platforms.

Objective: The purpose of this study was to assess the usability of SAM by investigating characteristic user behavior of medical
students accessing MLOs via SAM.

Methods: In this study, we chose a mixed-methods approach. Lean usability testing was combined with usability inspection by
having the participants complete four typical usage scenarios before filling out a questionnaire. The questionnaire was based on
the IsoMetrics usability inventory. Direct user interaction with SAM (mouse clicks and pages accessed) was logged.

Results. The study analyzed the typical usage patterns and habits of students using a semantic network for accessing MLOs.
Four scenarios capturing characteristics of typical tasks to be solved by using SAM yielded high ratings of usability items and
showed good results concerning the consistency of indexing by different users. Long-tail phenomena emerge as they are typical
for a collaborative Web 2.0 platform. Suitable but nonetheless rarely used keywords were assigned to ML Os by some users.

Conclusions: Itispossibleto develop a Web-based tool with high usability and acceptance for indexing and retrieval of MLOs.
SAM can be applied to indexing multicentered repositories of MLOs collaboratively.

(JMIR Medical Education 2015;1(2):€16) doi:10.2196/mededu.4479

KEYWORDS
semantic net; usability evaluation; semantic indexing; learning objects; medical education

in the course of medical education, they need to be

Introduction

Medical learning objects (MLOs), classical sources (eg,
textbooks), and digital media support medical teaching and
learning [1]. Maloney et a [2] showed that health professional
learnersregard Web-based repositories asthe preferred learning
source. To improve theintegration and reuse of existing MLOs

http://mededu.jmir.org/2015/2/e16/

systematically collected and organized [1,3]. Semantic indexing
of MLOs s aprerequisite of useful repositories of MLOs, and
semantic networks (SNs) provide a sound basis for consistent
semantic indexing [4]. While SNs have worked their way into
medical classification systems and e-learning, the usability of
those networks has been sparsely investigated [5,6].
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Project Context

Multimedia Learning Objects of the Aachen Emedia
SkillsLab

Over the last few years, the Center of Audiovisual Mediaof the
Aachen Medical School has implemented and maintained the
emedia skills lab as an interdisciplinary repository of MLOs.
The ML Osof the emediaskillslab spread from traditiona media
(text files, pictures, etc) to modern digital media (videos,
podcasts, complete online classes, etc). The MLOs support
blended learning and self-studies in addition to the regular
classes and thus increase learning flexibility [3]. Additionally,
some of the ML Osareintegrated in compul sory modules of the
local curriculum and are therefore used regularly by learners
and medical teachers.

Semantically Annotated Media Project

SAM is aWeb app based on an SN (see section on Semantic
Indexing), which supports MLO retrieval, connects learning
resources of similar content, and presents them together [7]. At
present, SAM is used for indexing the MLOs of the emedia
skills lab. Nonetheless, SAM provides Web services, which
enable linking of MLOs organized in different repositories.
SAM implements the structure of a Simple Knowledge
Organization System (SKOS) [8]. The system was designed as
platform that is “opportunistic’ towards the terminological

Tix et a

knowledge base (the SN used by the system); that is, SAM’s
SN can be further developed or completely exchanged. SAM
is currently under consideration by other German medical
schools.

Asan entry point, SAM provides asimple search form equipped
with autocomplete functionality. Additionally, an extended
search interface allows an easy use of Boolean combinations
of search terms and the definition of simple filters. Based on
an initial request by the user, SAM generates result pages that
show MLOs fitting the query, but more importantly present a
part of the SN relevant to the query. Thus, users may explore
MLOs directly or switch to the network and explore the space
of related concepts, the (synonym) terms associated with agiven
concept, the semantic links between the concepts, and different
ML Os indexed by the SAM concepts, respectively. If the user
selects an MLO, SAM presents the link to the MLO in the
repository (emedia skillslab) but also gives a short description
of theMLO, the set of keywordsindexing it, and alist of media
with asimilar keyword profile. Users may collect the MLOs of
their interest following a “cart” metaphor known from online
shops. The user’s set of selected ML O items can then be used
for retrieving smilar ML Os, where the similarity isdynamically
calculated from the combination of selected items. Due to the
app context, the main language of SAM is German, but SAM
also includes English definitions for the MeSH concepts
included. See Figure 1 for screenshots of SAM.

Figure 1. Screenshots of SAM: Search interface and result page contain the SN links (green box).
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SAM isbased on existing and established classifications, namely
the Medical Subject Headings (MeSH) and the International
Classification of Diseases (ICD). The concepts of both
classification systems were merged while preserving the
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taxonomic structure. In addition to generic associations, cross
references between the concepts were established based on
semantic relations of the Unified Medical Language System
(UMLS). At present, SAM covers more than 2,810,000 links
between more than 180,000 main concepts. The conceptsinclude
subconcepts derived from MeSH terms combined with MeSH

JMIR Medical Education 2015 | vol. 1 |iss. 2 [e16 | p.46
(page number not for citation purposes)


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

JMIR MEDICAL EDUCATION

qualifiers (eg, “Heart — abnormalities’ as a subconcept of
“Heart”).

Background

Semantic Indexing of Medical Learning Objects

Assigning textual descriptors to MLOs characterizing their
content is challenging with respect to using characteristic
descriptors uniformly and consistently. Using a controlled
vocabulary (ie, astandardized collection of keywords) supports
consistent indexing. Tools like MetaMap [9] or the Medical
Text Indexer [10] were implemented to identify suitable
keywords to content starting from a given text by adopting
language processing and terminological knowledge. Pure
keyword indexing |acks associations between objects assigned
to different but semantically related keywords (a learner
searching media assigned to “appendicitis’ clearly may be
interested in a video linked to “appendectomy”). As a step
forward, SNs (ie, collections of concepts interlinked by
meaningful relations) are means for indexing and linking
information objects and can support orientation in large
information spaces. Cimino et a already saw the potential of
SN for reducing cognitive overload of medical hypertexts as
early as 1992 [11]. Semantic indexing of medical content is
used in different fields of application, for example, in
health-related Web resources [12,13]. SNsin e-learning enable
a fast and precise search of MLOs as well as organizing and
personalizing an e-learning environment [5].

Usahility

The International Organization for Standardization (1SO)
standard 1 SO 9241-11 defines usability as“ The extent to which
a product can be used by specified users to achieve specified
goas with effectiveness, efficiency, and satisfaction in a
specified context of use” [14]. The IsoMetrics usability
inventory, a usability inspection method, is a questionnaire
based on 1SO 9241-10, Part 10 [15]. IsoMetrics was designed
according to seven dialogue principles [16]: (1) suitability for
the task, (2) self-descriptiveness, (3) controllability, (4)
conformity with user expectations, (5) error tolerance, (6)
suitability for individualization, and (7) suitability for learning.
Thereisaset of questionsfor each of those principleswith five
answers for each question and an option for “no answer”.

Another method to evaluate usability is usability testing. The
main aspect of usability testing is the involvement of the target
usersand the observation of their interactions[17,18]. The users
walk through atypical usage scenario of the software, and they
are observed by experts on different aspects such as the time
they take to complete the task and the number and types of
errors they make [19]. Also the users can be monitored, for
example by thinking aloud combined with video observance
[20]. Usahility testing is more costly and time-consuming than
usability inspection methods.

Nielsen considered both methods, usability inspection methods
and usability testing, as highly appropriate for software usability
evaluation [21]. They are the most frequently used procedures
according to Hollingsed and Novik [22].

http://mededu.jmir.org/2015/2/e16/
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Sandars showed that while usability testing is well established
in other disciplines, it has not found its way into medical
e-learning [23]. Sandars and Lafferty also pointed out that the
usability testing of an e-learning tool should be carried out under
the conditions that it istypically used in [24].

Long Tail

Long tail is a phenomenon that appeared through Web
techniques. Anderson coined theterm “long tail” in economics
[25], where selling large numbers of very specific
products—each in relatively small quantities—could lead to
significant profit. O’ Reilly stated that along-tail effect istypical
for collaborative Web apps (Web 2.0) [26], which support both
the few commonly shared interests (blockbusters) and
additionally the huge amount of very specific ones (the long
tail). The effect is illustrated, for example, by the power-law
shaped popularity ratesin social networks[27]. Being agenuine
Web-based approach, crowd-based semantic indexing of digital
content illustrates characteristics of a long-tail phenomenon.
When many users propose index termsfor given content, along
tail of keywords used by only a few persons may arise by
erroneous choice, but could aso be due to aspects relevant for
comprehensive indexing, but noticed by only afew users. Asa
characteristic aspect of user behavior, we explored this issue
for the SAM app.

Statement of Purpose

This study aimed at assessing the usability of SAM when used
asatool for accessing and indexing ML Os. Clearly, the usability
of SAM has two aspects: (1) The usability of SAM’s user
interface (which can be adopted by any MLO repository
providing deep HTML-links, and which can operate on any
SKOS-conform SN), and (2) the suitability of the currently used
SN for accessing and indexing ML Os.

Based on typical tasks (scenarios), the study should uncover
typical usage patterns of students using SAM for browsing,
searching, and indexing MLOs. From those results, we intend
to derive recommendationsfor appsimproving accessto MLOs
by semantic indices.

Rationale for the Approach to the Problem

We decided to use a scenario-based approach in order to
evauate SAM. The participants were students of the
Evidence-Based Medicine (EBM) classin their second year of
medical school-target usersfor SAM.

Methods

Study Design

For this study, we chose a mixed-methods approach. Lean
usability testing was combined with usability inspection by
having the participants complete four typical usage scenarios
beforefilling out aquestionnaire. The questionnaire was based
on the I soM etrics usability inventory because of its widespread
use and aso because it is advised for a large group of
participants to ensure accurate analysis [15]. Here, only the
guestions from the areas of “suitability for the task” and
“suitability for learning” were used. Some extra questions
regarding the use of SAM were added, which yielded atotal of
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19 usability questions. At the end of the survey, therewerethree
open questions for positive and negative feedback as well as
improvement suggestions for SAM as a basis for qualitative
analysis.

The EBM course is a mandatory module of the curriculum
(attended by the first and the second half of each student cohort
in the 4th and 5th semester, respectively). Information retrieval
including a scenario-based introduction to SAM isapermanent
part of the EBM course introduced 2 years before this study
was conducted and has continued ever since. Participation in
the study was voluntary (see section on Ethical 1ssues).

Figure 2 shows the course of the study. A pilot study (n=24)
took placein October 2012. Asaconsequence of the pilot study,
one more usability question regarding SAM was added and the
four scenarios were established. The medical students assigned
to take the EBM class in their 4th semester in May 2013
(N=101) wereinformed about the study and asked to participate.
Of these, 95 participants consented and completed the
guestionnaires. According to the log files, only 90 students
accomplished all four search queries given by the scenarios. All
participants used computers provided by the university, and
logging was based on the computer’s | P addresses.

Table 1. Structure of the four scenarios.

Tix et a

First, participants were asked to give a short self-profile
including their gender, semester, and previous knowledge of
SAM and semantic tagging in general. Additionaly, the
participants were asked about their Internet usage habits for
studying and private use.

The study comprised two parts. After a short introduction to
SAM, the students were given four scenarios to explore their
handling of SAM. Table 1 gives an overview on the scenarios
covering thetypical areas of application. Thefirst two scenarios
were given by two picturesto which the participants had to find
keywords. Thisisatypical usage scenario for emedia skillslab
staff when uploading new MLOs. The first scenario derived
from the Nervous System Class, which is in the 4th semester
curriculum, and therefore the topi c was known to the partici pants
at the time of study. In contrast, the second scenario derived
from the Skin Class, which belongs to the 6th semester
curriculum, and therefore the students were not familiar with
the topic. In the third and fourth scenarios, there was a change
of perspective. The students were supposed to search for
available ML Os associated with agiven lecture topic via SAM.

Scenario Content User role Text size
1 MRI image of aglioblastoma Staff 81

2 Picture of an erythema chronicum migrans Staff 124

3 Lecture topic “polyneuropathies’ Student 73

4 L ecture topic “patient with cough” Student 79

The participants had to name keywords they would have used
to describe the picturesfor Scenarios 1 and 2 or keywords they
would have clicked on in order to find linked media for
Scenarios 3 and 4. Afterwards, 19 usability questionsregarding
the use of SAM and three free-text items for suggestions
concerning the futureimprovement of SAM could be answered.
Theusability questionswere Likert-scaled itemswith an option
for “no answer” aswell.

Data Elicitation

SAM generated log files based on the static Internet protocol
(IP) addresses used in the computer lab adopted for the study.

http://mededu.jmir.org/2015/2/e16/

Anonymity was ensured as it was not possible to infer the
individual participant from the | P addresses of the semi-public
computer lab. The completeness of a survey result was defined
by a minimum of four search queries including all four given
keywords of the scenarios. All clicks and search queries
performed during the introduction of SAM, before the starting
keyword (“glioblastoma”) for Scenario 1 was entered, counted
asnot assigned to ascenario. Thisanalysisfocused onthemain
interest: the top 10 keywords mentioned by the participants.
But there is also a long-tail interest, which we covered in our
analysis by showing random keyword examples occurring only
once.
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Figure 2. Course of study.

Pilot study

October 2012

April 2013

|

90 completed
according to
log files

May 2013 End of main study

Data Analysis

Data analysis by descriptive statistics relied on summary
statistics and data visualization (scatter plots, bar charts, box
plots). Due to the exploratory character of the study, visual
inspection of data plots had to play an important part, while
these plots provide more information regarding the nature of
the relationship compared to the investigation of summary
statistics only (eg, correlation coefficients). A scatter plot was
used to investigate the relationship between the mean number
of clicks per query and the number of queries submitted. A tag
cloud was adopted as a means for assessing the occurrence of
the top 10 keywords in a semi-quantitative way.

Qualitative analysis was carried out as follows. The
open-questions feedback was analyzed by bottom-up qualitative
text coding [28]. Two people read the users statements
separately and assigned individual codesto the statementswhile
reading the text for the first time. Afterwards, they ordered the
codes and indexed the statements for a second time using the
complete code set now. Afterwards, the two persons compared
their code sets and agreed on acommon set sometimes unifying
synonymous termsthen used to produce a consensus assignment
of codes to statements. This step produced a semantically
adjusted rate of conformance between the raters (semantically
equivalent codes assigned vs not assigned to the same
statements). Interrater reliability was measured by Cohen’s
kappa. A synoptic rearrangement of statements assigned to the
same (previously consented) code then provided the basis of a
qualitative interpretation and summary of the feedback.

Ethical | ssues

There were no medical data collected nor any risk or
disadvantage implied. All data were acquired anonymously at

http://mededu.jmir.org/2015/2/e16/
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Beginning of main study
= 101 4th semester medical students EBM class
RWTH Aachen University
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= 24 volunteers of 5th semester medical students EBM class
RWTH Aachen University

6 incomplete questionnaires

5 completed questionnaires. but log files missing

any time of the study. The participation in the study was strictly
voluntary. The course participants were informed they could
simply skip the study-related parts of the e-learning module of
the EBM course with no effect on their learning achievement
or course marks. Study participants received comprehensive
information on the objectives and methodology of the study.
The consent of the RWTH Aachen Faculty of Medicine system
block coordinators was obtained in advance of the study.

Software Tools

The study was executed through LimeSurvey 1.85+ [29], an
online survey app that contained the scenario descriptions and
the instructions on the tasks as well as the usability questions
at the end. The data were entered via the Web interface of
LimeSurvey and later exported for analysis. Descriptive statistics
and box plots were produced by the program R 3.1.0 [30]. Bar
charts and the randomization of the bottom 10 keywords were
produced by Microsoft Excel 2010. For flowcharts, we used
Microsoft PowerPoint 2010. The tag cloud was produced with
the worditout website [31].

Results

Prafile of Participants

Toinvestigate the semantic indexing of ML Os, wefirst analyzed
the profile of participants and their Internet behavior. Table 2
and Figure 3 present the characteristics. We found a noticeable
difference between Internet use for studies and private I nternet
use. The mgjority of the participants use the Internet 5-15 hours
weekly for studying whereas for private use the hours vary
between less than 5 hours and more than 20 hours weekly.
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Table 2. Profile of al participants.

Tix et a

Characteristics

Gender (N=95)
Male
Female
Survey questions (N=95)
| know about the emedia skills lab (yes)
| have used the emedia skills lab before (yes)
| know about tagging (yes)
| have used tagging myself (yes)
Completeness of the survey as given by LimeSurvey (N=101)
Complete
Incomplete
Completeness of survey after analyzing thelog files (N=101)
Complete

Incomplete

31

87
75
17

95

90
11

Figure 3. Internet usage habits of the participants (hours per week).

more than 20 hours

15 to 20 hours

10 to 15 hours

5 to 10 hours

less than 5 hours

@ use for studies
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=
W
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Main Results

After the short self-profiling, the students were given four
typical scenarios to explore their usage of SAM. We aso
monitored the time the students needed to complete all four
scenarios in order to see whether or not they had enough
patience to engage in the study and if they showed interest in
SAM or not. The participants needed atotal of 10.55 minutes
on average (Figure 4). We analyzed the number of the students’
mouse clicks during the introduction and per scenario (Figure
5). Many students skipped the introduction (median 0) and
started directly with the scenario, whereas few intensively

http://mededu.jmir.org/2015/2/e16/
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familiarized themselves with SAM by using the introduction.
For all four scenarios, the median number of clicks per scenario
was two. Thus, there were no marked differences between the
scenarios with respect to the total number of clicks, while for
each scenario there was awide spread in the number of clicks.

In addition to the total number of clicks per scenario, we
investigated the relationship between the numbers of clicks per
guery and the number of queries. There could have been alinear
or non-linear relationship (eg, well-oriented users could have
used few queries, each accomplished by afew clicks, whereas
disoriented users could have asked many unfocused queries,
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each accomplished by many exploratory clicks). Inspection of indicating a lack of linear correlation. The empty circles
the scatter plot (Figure 6) of the mean number of clicks per represent the participants who did not complete al four
query versus the number of queries yielded no marked scenarios, whereas the filled circles represent the participants
relationship. The Pearson correlation coefficient was 0.06 that completed all of them.

Figure 4. Observed frequency of duration to complete all four scenarios.
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Figure 6. Correlation of clicks per query to queries submitted (empty circles: incomplete, filled circles: complete).
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Table 3 shows the total number of keywords entered for each
scenario as well as the number of different keywords entered.
For this report, we had to translate some of the German
keywords into English. Since some participants entered the
English synonym of the keywords up front, there is no
distinction left between English and German keywords. Thus,
we combined them in Table 3.

Figure 7 shows an exemplary tag cloud visualizing the top 10
answers for Scenario 1. The larger the keyword is written, the
more often it was mentioned by the participants for each
scenario.

Table 3. Keywords entered in each scenario.

keywords and rated them aseither correct or incorrect according
to the pictures given (Table 4). The data show a very high
interrater reliability (Cohen's kappa was .907 and 1 for
Scenarios 1 and 2 respectively). Among the top 11 keywords
mentioned for Scenario 1, there were 10 correct keywords and
one incorrect. Among the top 11 keywords mentioned for
Scenario 2, there were three correct and eight incorrect
keywords.

Tables 5 and 6 give the 10 and 11 most frequently selected
keywords, respectively, for the four scenarios. If two keywords
occurred equally often, they share arank. If the tenth place was
tied, 11 keywords were listed. Also, 10 random examples of
the long-tail keywords with only one nomination were listed.

Total number of keywords entered

Number of different keywords entered

Scenario 1 346 74
Scenario 2 427 76
Scenario 3 394 102
Scenario 4 372 61
Table 4. Rating of Scenarios 1 and 2.
Total Correct Incorrect Inconsistent Cohen’s kappa P value
Scenario 1 74 49 (66.2%) 22 (29.7%) 3(4.1%) 907 5x 10725
Scenario 2 76 31 (40.8%) 45 (59.2%) 0 (0%) 1 0
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Table 5. Top keywords used per scenario (Scenarios 1 and 2) and correctness of the keywords as assessed by 2 independent raters.

Rank  Keywords Correctness  Occur-
rence
Scenario 1
1.  Glioblastoma Correct 63
2. Astrocytoma Correct 52
3. Gliosarkoma Correct 28
4.  Retinoblastoma Incorrect 26
5. Giant cell glioblastomas Correct 15
6.  Glioblastoma (diagnosis) Correct 12
7.  Glioblastomamultiforme Correct 11
8.  Glioblastoma (classification) Correct 9
9.  Glioblastom (radiotherapy) Correct 8
10. Glioblastoma (pathology) Correct 6
Contrast medium Correct 6
Bottom ten (random examples)
Magnetic resonance imaging Correct 1
Benign and malignant central nervous system neoplasms derived from glial cells Incorrect 1
Glioblastoma with sarcomatous component Correct 1
Glioblastoma (ethnol ogy) Incorrect 1
Complications Incorrect 1
Glioblastoma (metabolism) Incorrect 1
Malignant form of astrocytoma Correct 1
Diagnosis Incorrect 1
Glioblastoma (ultrastructure) Correct 1
Grade |V astrocytomas Correct 1
Scenario 2
1. Erythemachronicum migrans Correct 55
2. Larvamigransviscerais Incorrect 33
3. Erythemainfectiosum Incorrect 25
4.  Erythema Correct 23
5.  Larvamigrans Incorrect 22
6.  Thrombophlebitis migrans Incorrect 22
7. Lymedisease Correct 22
8.  Erythemainduratum Incorrect 19
9.  Erythemanodosum Incorrect 19
10. Erythemaabigne Incorrect 17
Benign migratory glossitis Incorrect 17
Bottom ten (random examples)
Skin disease, eczematous Incorrect 1
Erythema with el sewhere classified diseases Incorrect 1
Gyrate erythema Incorrect 1
Diagnosis Incorrect 1
Bullseye Correct 1
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Rank  Keywords Correctness ~ Occur-
rence
Erythema chronicum migrans (epidemiology) Correct 1
Bacterial lyme disease Correct 1
Chemically evoked Incorrect 1
Genetics Incorrect 1
Skin Incorrect 1

Figure 7. Tag cloud visuaizing the top answers for Scenario 1.
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Scenarios 1 and 4 show apower curve as expected in along-tail
figure, whereas Scenarios 2 and 3 still show along tail at the
end but a more bulky shape at the beginning (Figure 8).
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Figure 8. Distribution of keyword occurrence for the scenarios (x-axis. number of keywords given by students, y-axis. occurrence of one keyword).
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Table 6. Top keywords used per scenario (Scenarios 3 and 4).

Tix et a

Rank  Keywords Occur-
rence
Scenario 3
1 polyneuropathies (PNP) 29
2. polyneuropathies (PNP), cause 28
3. polyneuropathies (PNP), diagnostics 26
4. subtypes of polyneuropathies (PNP) 24
5. other polyneuropathies 23
6. other specified polyneuropathies 22
7. polyneuropathies 20
8. peripheral nervous system, diseases 14
9. polyneuropathies (etiology) 13
10.  peripheral nervous system 11
polyneuropathies, (diagnosis) 11
Bottom ten (random examples)
polyneuropathies critical illness 1
peripheral nervous system, diseases, hereditary 1
degeneration of the axon, myelin or both 1
polyneuropathies (rehabilitation) 1
diagnosis 1
inherited polyneuropathy 1
immunol ogy 1
symmetrical, bilateral distal motor and sensory impairment 1
distribution of nerve injury 1
disease of mulitneuronal nervs 1
Scenario 4
1 symptoms, respiratory 55
2. breathing deficiency 53
3. cough 52
4, symptoms, that affect the circulatory and respiratory system 33
5. ambroxol 32
6. cardiac syncope 24
7. cough (etiology) 10
8. cough (therapy) 9
9. cough (diagnoses) 8
10. respiratory system 7
Bottom ten (random examples)
hemoptysis 1
other polyneuropathies 1
influenza 1
dyspnea 1
mortality 1
diseases of the respiratory system 1
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Rank  Keywords Occur-
rence
parasitology 1
polyneuropathies (PNP), causes 1
cough (mikrobiology) 1
glottis 1

Results of Usability Questions

Figure 9 showsthe results of the usability questionnaire. Overall,
the participants rated the usability of SAM positively (median
4for nearly al questions). They clearly marked the advantages
of finding new keywords and the search feature for the emedia
skills lab. The students stated that the easy handling and fast
learnability of SAM were positive features. However, at this
stage of SAM, with only a few media linked to it, most

participants were indifferent about their future use of SAM for
preparing for lectures and classes. They were also indifferent
about the possibility of adding individual keywords to SAM
(median 3). A few questions seemed to be hard to answer for
the students as more than 20% of the participants chose “no
answer” as an option. These questions dealt with repeated uses
of SAM and the possibility of adding individual keywords to
the media. At the time of the study, the students did not have
any routine for using SAM.

Figure 9. Usability questionsin order of approval on aLikert Scale of 1-5 (5 best, 1 worst). The number of “no answers’ is denoted in parentheses.
Items yielding negative implications for the rating of the systems (marked by *) are given in the original wording, while the scale was inverted in the

figure (thus, a high rating represents a positive appraisal).
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Free-Text Items

Two raterswho evaluated the free-text items assigned 81 codes
to the statements given. The sets of the 2 raters conformed on
a large scale: Cohen’s kappa was .857 (z=34, P=0) for their
independent rating. For the variations, they found a consent
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code together (eg, “user-friendliness’ vs “usability” consented
as “usability”).

Most positive feedback was given about the clarity of SAM
(Table 7). Usability and simplicity also had strong support.
These keywords refer to the genera user interface of SAM.
Other frequently addressed attributes are synonyms and new
associations, which refer moreto the semantic content of SAM.
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Table7. “What did you like best?’ positive feedback free-text items (codes: given by raters, frequency: of appearance, representative statement: selected

typical statement).

Codes Support  Representative statement
Clarity 9 The clarity
Usability 7 User-friendly interface
Simplicity 7 Easy principle, self-explanatory
Synonyms 6 The big group of linked keywords
Associations, new 5 Keywords come up that | have not associated with the search term before
Search feature 3 Fast search for distributed media
Media 2 The pictures
Knowledge structure 1 Organization and structure of knowledge
1

Information access, easy

Good ideato link information to have an easier access. Thanks

Negative feedback was given about unclear associations where
participants were not able to understand associations given by
SAM (Table 8). This might also be related to the complaints
about missing definitions of keywords and complicated
navigation. Another negative aspect mentioned often was the
missing media in many categories. Two participants pointed

out that the search feature is not very advanced since one can
search only for keywordsincluded in SAM. SAM ismainly in
German, especialy the MeSH keywords. Only the definitions
and synonyms are in English. However, 2 participants were
irritated by the English language.

Table 8. “What did you disapprove of 7’ negative feedback free-text item (codes:. given by raters, frequency: of appearance, representative statement:

selected typical statement).

Codes Support  Representative statement

Associations, unclear 5 In some keywords | did not see the association with the search term

Media, missing 5 Nonexistent media so many categories were useless

Previous knowledge 2 The keywords are only usable with advanced knowledge

No German 2 SAM isin English athough it is for German students. Why is the standard language not
German combined with an international offer?

Navigation, complicated 2 Navigation is a bit complicated

Definitions, missing 2 The definition of the keywords isinsufficient

Search feature 2 No possibility of searching for individual keywords

Introduction not sufficient 1 The introduction could not sufficiently show SAM’s potential. It israther confusing

Presentation of results 1 The way of presenting the search results

Time-consuming 1 The constant redirecting is time-consuming

SAM unknown to user 1 | did not know SAM until today

No advantage 1 It is not distinct from other search engines, so | am not sureif | will use SAM in the future

Associations, missing 1 Missing link to differential diagnoses and diagnostic options of diseases

The top suggestion is to add further mediato SAM that relate  that might include the missing media or search functionality
to the negative feedback about missing media (Table 9). Other mentioned above in the negative feedback.
participants suggested general further development of SAM
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Table9. “What suggestionsdo you have?’ suggestion feedback free-text item (codes: given by raters, frequency: of appearance, representative statement:

selected typical statement).

Codes Support  Representative statement

Media, enhancement 4 Links to more media

Further development 3 Further development of the project

Definition of keywords 1 Short definitions behind keywords

Link to curriculum 1 Link to curriculum and information about rel evance ranking according to your level of

education

German language 1 Articlesin German

Promote SAM 1 More promotion of SAM, | have not heard of it before

Connect e-learning platforms 1 Connection to other e-learning platforms with help of keywords, ie L2P
Better introduction 1 Better exercisesto get to know SAM

Navigation 1 Navigation bar
Discussion Keywords Given

The study aimed to explore typical usage patterns of students
who use SAM for browsing, searching, and indexing MLOs
and to assess the usability of SAM focusing on (1) the user
interface and (2) the suitability of the currently used SN for
accessing and indexing MLOs. As stated in the introduction,
there is a lack of usability assessment in medical e-learning
[23].

Profile of Participants

A totd of 95 participants completed the survey, while (according
tothelog files) only 90 participants completed all four scenarios.
We surmise that participants might have copied the keywords
from their neighbors or just made up some keywords, and we
cannot completely exclude that some participants might have
finished the survey later when their activities were no longer
recorded.

Main Results

The average time for completing the study and the respective
spread showed satisfactory commitment (enough time on
averagefor adequately addressing thetask) and abroad variation
of user behavior. However, there was 1 participant who took
42 minutes to complete the study, which could be explained by
extraordinary thoroughness or along time needed to familiarize
with SAM. Alternatively, he might have been distracted in
between and returned later to finish the survey. As shown by
the respective numbers of clicks not assigned to scenarios, a
relatively small number of students took time to familiarize
themselves with SAM. Based on the similar median, the
scenarios can be assumed to be equally interesting and equally
hard to work on. Moreover, the analysis of duration and click
rates shows that, on average, the students worked quickly
without browsing through a lot of other keywords. However,
there is a wide spread, so there were also a few students that
followed a browsing approach instead of a more focused
keyword access. The analysis shows that there is no marked
relationship between the mean number of clicks per query and
the number of queries, which simply illustrates the broad
variability of search behavior not being obviously determined
by single factors.

http://mededu.jmir.org/2015/2/e16/

In Scenario 1, some students might not have been familiar with
the topic, although it had already been part of their curriculum.
Also, some participants might have entered random keywords
because they wanted to finish the tasks quickly. This could
explainthe 22 incorrect keywords. According to the curriculum,
the students had not come across the Scenario 2 topic at the
time of the study, which explains the number of wrong
keywords. Most of thetop 11 keywords mentioned for Scenario
2 show up in the associated keywords list of SAM after the
searchin SAM for “erythemachronicum migrans’. Nonetheless,
the scenarioisrealistic in some sense. Usually student assistants
working for the emedia skillslab are responsible for uploading
and indexing the media. Our results underline the need for a
profound knowledge of SAM’s SN aswell asthe content of the
media when adding new MLOs to the emedia skills lab and
indexing it. The quality of indexing the uploaded media could
beimproved by hiring studentsfrom higher semestersand giving
them a detailed introduction and training of SAM before they
start their jobs as student assistants for the emedia skills lab.
Also, it is not clear if medical teaching staff were better at
indexing ML OS since their familiarity with the content of the
media might not compensate for their being unfamiliar with
SAM’s SN.

For Scenarios 3 and 4, the keywords were not classified as
correct or incorrect since the students were free to enter
keywords of their choice to find additional media. Therefore,
thelong tail for Scenarios 3 and 4 could indicate abroad interest
in different topics as well as different previous knowledge of
the individual participants. Scenario 3, in particular, shows a
broad interest (102 keywords for one single scenario).
Nevertheless, some students might have entered random
keywords to finish the assignment quickly. Given the structure
and purpose of SAM, no gold standard outcome for Scenarios
3 and 4 could be specified. A scenario in which studentswould
have to find a certain ML O would not represent a realistic use
of SAM. Nonetheless, the definition of usability does not
necessarily imply the existence of a unique solution to a given
problem—otherwise no device for exploring or managing an
information space given an individual perspective or interest
could be assessed with respect to its usability. Nonetheless,
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maintai ning afocused search and avoiding disorientation while
using a complex information space can be considered
“achieve[ing] specified goalswith effectiveness, efficiency, and
satisfaction” (see the earlier definition of usability [14]), and
our results at least indicate that the majority of students
succeeded here. Additionally, the usability questions adapted
from I soMetrics were adjusted to these circumstances.

In al four scenarios, we observed that besides the top 10
keywords, there are many related keywords that rarely occur
directly in connection with the starting keyword. We interpret
the less frequently named keywords as long-tail interest. SAM
supportslinking top keywordsto long-tail keywords, which the
students may not have associated with agiven topic while using
regular learning strategies.

Usability Questions

This study was based on the IsoMetrics usability inventory.
Hamborg et al showed that IsoMetrics is a reliable technique
for software evaluation in the field of hospital information
systems [32]. While hospital information systems often use
toolsfor indexing medical diagnoseswith keywords, thisresult
motivatesthe use of IsoMetricsin the context of our study. Also
the results of Hamborg yielded a better outcome when he
compared the |soM etrics usability inventory to usability testing
methods [33]. Nevertheless, many questions of the IsoMetrics
guestionnaire could not be adapted to SAM or were not in the
focus of this study, which is not a mere software eval uation but
rather a study to investigate the acceptance, use, and usability
of an SN in medical e-learning.

Free-Text Items

Some of the improvement suggestions go along with the
negative feedback. Missing media were often mentioned. New
media are continuously added to the emedia skills lab, so the
situation can be expected to improve in the future.

One suggestion was to promote SAM in lectures. Obviously,
the more faculties know about SAM and provide new media,
the more the teachers will talk about SAM in their lectures and
classes. Another suggestion wasto link SAM’s keywords with
the curriculum and level of education. A connection between
SAM and the catalogue of learning objectivesisalready planned
for the future. One remark was about the lack of German
definitions of the MeSH terms. At present, only the MeSH terms
are officially trandated into German by the Deutsches I nstitiut
fur medizinische Dokumentation und Information (DIMDI),
but not the annotations, cross references, and definitions
included in the English MeSH version [34]. Therefore, the
definitions were taken from the English version of MeSH.

Comparison With Prior Work

Willett et a identified the need for a standardized taxonomy
for medical education and created a taxonomy called
TIME-Indexing (Topics for Indexing Medical Education) [35]
that can be used for indexing MLOs as well as for curricular
mapping. So far, the usability of TIME-Indexing has not been
investigated. However, Willet highlights the need for research
on ontology use in medical education [36].

http://mededu.jmir.org/2015/2/e16/
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Blaum et a performed a systematic review of 14 different
structured vocabularies for characterization of MLOs to be
organized inan SN [37]. According to the authors, none of those
proved to be a good content description of medical curricula
and learning resources in the German-speaking world. Neither
work systematically investigated the usage of the taxonomy or
vocabulary, nor did the authors address usability aspects of the
respective computer applications.

SAM visualizes the concept space and helps in navigating it.
Cimino introduced anetwork of concepts called “ concept space”
[11]. The approach was used, for example, by Karlsson et al to
develop a medical decision support system using a controlled
medical terminology [38]. Later on, Berners-L ee developed the
idea of the Semantic Web [39]. The Semantic Web focuses on
automatic interpretation of the World Wide Web and not on the
reduction of cognitive overload. SAM focuses on an easier
navigation and al so the reduction of cognitive overload.

In other areas of application, ontologies and semantic Webs are
visualized in different ways. For example, Le Grand and Soto
discussed different visualization ideas of topic maps, including
graphical three-dimensional representations based on virtual
reality conceptslike computer-generated |andscapes and virtual
cities [40]. In comparison to that, SAM so far presents only a
list of concepts. In the future, a more sophisticated graphical
representation of SAM might be helpful for the users, especially
since some participants disapproved of the complicated
navigation and unclear associations in the free-text items.
Katifori et a gave an overview on different ontology
visualization methods and tools [41]. These tools are not only
intended to navigate ontol ogies but also to model and administer
them.

New ML Os of the emedia skillslab are indexed manually with
SAM. Thereisalso some research on semi-automatic indexing.
Gay et a developed an extension of an existing tool, the Medical
Text Indexer, to semi-automatically tag biomedical articles[10].
Lacoste et a developed an intermedia medical image indexing
and retrieval system [42]. Semi-automatic indexing will be hard
if not impossible for videos and other interactive MLOs that
are uploaded to the emedia skills lab.

Limitations

Whilethe study focuses on usability aspects, it does not establish
a comparative design addressing the way the participants work
with, versus without, SAM and their respective effort or
efficiency to retrieve learning media. The effects of SAM on
the learning outcome of the students were not investigated,
while the design of the study does not allow the overall benefit
of SAM to be measured. Few incomplete answers had to be
excluded from the resultsin our study.

The interpretation of the long-tail results was complicated by
similar keywords being entered leading to a larger number of
keywords. The top 11 answers in Scenario 1, for instance,
include many keywords containing the word “glioblastoma’.
Somewere enhanced by MeSH qualifiers, while othersare more
specific, for example, “glioblastoma’ versus “glioblastoma
multiforme”. A similar pattern can be seen in Scenario 2. One
keyword among the top 11 is “erythema chronicum migrans’;
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the other one is just “erythema’. Therefore, not all of the
different keywords entered in each scenario are semantically
independent.

Conclusions

Our study demonstrated that it is possible to develop a
Web-based tool for indexing and retrieval of MLOsthat yields
to high rates of user satisfaction and user commitment
representing important aspects of usability. For the first time,
we analyzed thetypical usage pattern and habits of usingan SN

Tix et a

for indexing and accessing MLOs. Introducing a controlled
vocabulary or classification system generally homogenizesthe
indexing but requires preliminary training of theindexers. SAM
succeeded in a similar homogenization but also yielded a
spectrum of individual associations in the long tal as it is
typically found when applying Web 2.0 structures. A long-tail
interest in random topics can be supported by SAM. We found
SAM to be atool with high acceptance and usability that can
be used as a tool for many MLO repositories in different
locations.
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Abstract

Background: Astechnology in medical education expands from teaching tool to crucial component of curricular programming,
new demands arise to innovate and optimize educational technology. While the expectations of today’s digital native students
aresignificant, their experience and unique insights breed new opportunitiesto involve them as stakehol dersin tackling educational
technology challenges.

Objective: The objective of this paper is to present our experience with a novel medical student-led and faculty-supported
technology committee that was developed at Vanderbilt University School of Medicine to harness students’ valuable input in a
comprehensive fashion. Key lessons learned through the initial successes and challenges of implementing our model are also
discussed.

Methods: A committee was established with cooperation of school administration, a faculty advisor with experience launching
educational technologies, and a group of students passionate about this domain. Committee membership is sustained through
annual selective recruitment of interested students.

Results: The committee serves 4 key functions: acting as liaisons between students and administration; advising devel opment
of ingtitutional educational technologies; developing, piloting, and assessing new student-led educational technologies; and
promoting biomedical and educational informatics within the school community. Participating students develop personally and
professionally, contribute to program implementation, and extend the field’s understanding by pursuing research initiatives. The
institution benefits from rapid improvements to educational technologies that meet students needs and enhance learning
opportunities. Students and the institution also gain from fostering a campus culture of awareness and innovation in informatics
and medical education. The committee’s success hinges on member composition, school |eadership buy-in, active involvement
in institutional activities, and support for committee initiatives.

Conclusions: Students should have anintegral rolein advancing medical education technology to improvetraining for 21st-century
physicians. The student technology committee model provides a framework for this integration, can be readily implemented at
other institutions, and creates immediate value for students, faculty, information technology staff, and the school community.

(JMIR Medical Education 2015;1(2):€9) doi:10.2196/mededu.4676
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committee membership; educational technology; medical education; medical students; organizational innovation; organizational
models
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Introduction

Background

Over the last 15 years, technology has become pervasive in
medical education training at both the undergraduate and
graduate levels [1,2]. The excitement to adopt this technology
is often attributed to the unique and evolving needs and
capabilities of today’s digital native learners [3,4]. Indeed,
medical students and residents are eager to integrate digital
resourcesinto their training [5-7]. Technology isno longer only
a teaching tool, but also a crucia component of curricular
programming. Many studies have offered goals for new
instructional technologies [4,8], describing the need to
“transform learning into amore collaborative, personalized, and
empowering experience that can inspire a new generation of
learners” [1] With the explosion of new information, new
instructional modalities, and the accelerating pace of
technological evolution, there has never been amore opportune
time to innovate in medical education technology. There are
significant challenges, however, for educators and information
technology (IT) professionals as they pursue this agenda,
including the rapid evolution of technologies [2], highly
heterogeneous learners [9,10], diverse educational pedagogies
[1], limited funding [11], and varying levels of institutional
support [11-13].

Success in overcoming these barriers depends on a systematic
approach to project development, including the critical need for
learner involvement throughout the process [9,11,14]. Medical
students can shape technology development and integration
efforts because they better understand student culture and goals,
are often more comfortable with IT than faculty, and can offer
creativeideas outside of traditional approaches[15-17]. Despite
these calls for student involvement, only 21% of United States
and Canadian medical schools surveyed sought student input
on new applications and services, and even fewer engaged
studentsin student-led contributionsto educational technologies
[13]. More commonly, student input is solicited only after
technology implementation via satisfaction surveys [2,8].
Review of the academic and lay literature identified no reports
of formalized or longitudina student involvement in medical
education technol ogy.

The few reports that describe student input in integrating
educational technology confirm the vital role students play in
thiswork and their ability to advance thefield by novel research
projects. Students have worked with faculty in developing a
Web-based student resource portal [15], in revising Web-based

http://mededu.jmir.org/2015/2/e9/
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teaching modules for their peers [17], and in supporting iPad
integration into the preclinical curriculum [18]. Other students
have worked independently of institutional support to build and
pilot novel collaborative studying tools[19], and to test mobile
resources for the clinical learner [20-22].

Objective

The rising tide of interest in and opportunities for medical
education technologies, combined with the clear successes of
student involvement in the af orementioned exampl es, prompted
usto reconsider how motivated students could become engaged
stakeholders who could inform the effective use of these
innovations. Determining how to harness students’ valuable
input in asystemic fashion wasintegral to our approach. Inthis
paper, we describe the ideation, implementation, and impact of
anovel medical student-led technology committee, examineits
unique benefits, and discuss keys to success for adopting this
model at other ingtitutions.

Methods

Implementing a Student Technology Committee

At our ingtitution in the summer of 2012, student input regarding
educational technologies was highly fragmented, leading to
student frustration with the state of technology offerings. Born
from the opportunity to help shape the future, a student interest
group formed organically to focus on driving improvementsin
educational technologiesfrom the student perspective. Over the
1st year, the group undertook multiple projects, including
updatesto the learning management system (LM S), apilot study
of iPad use in the gross anatomy laboratory, and a clinical
podcast series. Strong relationships between senior group
members and key faculty were essential to early work. These
contacts provided insight into institutional priorities, made
connections with relevant faculty and IT staff, and supported
group initiativesfinancially and intellectually. Faculty and staff
were appreciative of the high-quality input provided by the
group and the efforts of its members and applauded the group’s
educational technology research endeavors.

At the end of the 1st year, the group’s efforts were formalized
as the “student technology committee” (STC). The Assistant
Dean of Educational Informatics and Technology was selected
as faculty advisor to provide close collaboration between the
STC and institutional leadership. STC presidents and the faculty
advisor enumerated core competencies and operating principles
for the committee (Table 1), which were modeled after
student-led curriculum committees [23,24].
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Table 1. Summary of the student technology committee bylaws.
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Bylaws article Details
Goals and purpose o Four core goals spanning medical school curriculum (see Areas 1-4 in the “ Results” section)
Composition «  Two to three student representatives per class year
«  Faculty advisor is specified (eg, Assistant Dean of Educational Informatics and Technology)
Membership term o  Members serve throughout their 4 years of medical school
«  Membership may be surrendered voluntarily or revoked for failure of responsibilities or conduct
«  Affiliate member status granted to students on temporary leave from medical school (eg, research year, second
degree)
Elections o  First-year students apply viawritten application with secondary interviews
«  New members selected based on holistic review
« Electionsin other class years held as needed if fewer than 2 representatives for a given year or amember leaves
the committee
Leadership o  President or Co-Presidents (2) serve 1-year terms (re-election allowed)
«  President(s) elected by popular vote of committee members
«  Serveasliaisons between committee and school leadership, faculty, staff, and other student committees
Meetings « Held 2 times/month on alternating weeks, additional meetings as needed
«  All meeting minutes recorded and archived
«  First meeting: includes faculty advisor; open to al faculty and staff seeking student technology committee input;
focus on project updates as well as administrative and faculty priorities
«  Second meeting: closed; focus on brainstorming new project ideas, addressing current challengesin project execution
Budget «  Annual budget prepared by committee president(s) with approval by committee and faculty advisor

«  Funds secured from institutional student group grants and the Office of Educational Informatics and Technology

Student Member ship and Project Operations

Given the unique educational environment of each class year,
the STC includes representatives from across the student body.
Members serve on the committee throughout their medical
school experience to promote continuity and commitment,
especialy in consideration of the many longitudinal projects
the committee undertakes. The committee president(s) iselected
annually. Senior (3rd- or 4th-year) students typically will be
selected for this position on the basis of availability and
flexibility intheir schedulesaswell as experience working with
the committee.

New members are selected from the 1st-year class via an
application process soon after matriculation. Applicants respond
to questions concerning interest in the committee, prior
experience with technology, ideas for new technology in the
medical school, and thoughts about the future of medical
technology. These questions assess applicants’ motivation for

http://mededu.jmir.org/2015/2/e9/

involvement, relevant experience and knowledge, and ability
to think creatively about problems the committee may address.
Top candidates, identified based on written applications, are
interviewed to evaluate for personal characteristics we have
identified to be present in our most successful members (Table
2). Final selections are made based on a holistic review,
including consideration as to how applicants skills may
complement those of existing and new members.

The committee operates on a dynamic project management
model wherein asingle member isappointed thelead for agiven
project and may flexibly recruit and rel ease additional members
to support that project as needed. When serving as project leads,
junior members are frequently mentored by senior membersin
areas including project management, research methods, and
administrative and staff contacts. Accountability for project
deliverables is reinforced through monthly goal setting and
project review, which occur as part of the committee’s
twice-monthly meetings (Table 1).
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Table 2. Qualities of successful student technology committee members.

Shenson et d

Quality How it supports success
Passionate «  Ensures baseline understanding and interest in medical education pedagogy, educational tech-
nology, and/or medical practice technology
«  Drives persona investment in committee work despite multiple demands on available time
Creative . Sup_portsflexible problem solving in projects with high complexity and multiple resource con-
straints
«  Enables out-of-the-box thinking, creating opportunity for true innovation
Problem solver « ldentifieslimits of personal knowledge and when to seek help
«  Improves self-sufficiency on personal projects
« Intandem with creativity, enhances committee efforts to address challenging projects
Self-starting «  Minimizes required project oversight
« Improves efficiency of project execution
Strong communication «  Enables effective relationships spanning students, staff, and faculty
« Aidsinteam understanding of individual’s goals, methods, challenges, and results
Cooperative «  Fosterspersonal connections with other members
«  Supportswork of all members to advance committee goals
«  Promotes positive committee culture to improve morale and member effectiveness
Technical understanding «  Familiarity with major consumer technologies (eg, Web services, mobile phones, tablets, wear-
ables) and core technical topics (eg, servers, Wi-Fi)
Results collected datafrom in-person discussion with peers and through

Delivering on Our Core Work Areas

Area 1: Serve as Liaisons Between Students and
Administration, | T Staff, and Course Directors With
Regard to All Technologies Related to the Curriculum

Committee members close proximity to the student body’s
day-to-day challenges yields an ideal communication channel
between students, faculty, and staff. The committee regularly
solicits student feedback regarding institutional technologies,
while also receiving unsolicited feedback in person, by email,
or via anonymous online forms. Issues are communicated
directly to the most relevant point person, thereby supporting
efficient resolution of student concerns and minimizing
communication hurdles between IT staff and students. The
committee also works to share the value of new technologies
with the student body and to keep them apprised of
improvements that are the direct result of their input, closing
the feedback 1oop.

Following the launch of our institution’s new LMS, the STC
helped to facilitate rapid-cycle development to eliminate
software bugs and address essential student needs. Building on
first-hand experience using the LM S daily, committee members
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an online survey. In just 2 weeks, the committee generated
reports from end-user feedback that directly informed
administrative planning for short- and long-term platform
improvements.

Area 2: Serve as a Student Advisory Panel for
Continuous Development and | mprovement of
Technology I nvolved in the Curriculum

The STC provides faculty and staff with easy, direct access to
amixed cohort of students for soliciting input at any phase of
the development process. To date, the student committee has
provided input on more than a dozen initiatives and projects,
including the LMS, the online learning portfolio, student Web
dashboards, a mobile real-time feedback tool [25], the School
of Medicine website, iPads and TVs in the gross anatomy
laboratory, and wireless printing in the computer laboratory.
Faculties have consistently found the STC input on various
projects to be extremely useful, lending new insights to guide
future directions.
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Area 3: Develop, Pilot, and Assess New Uses of
Educational Technology or Instruction Related to
Technology

As curriculum consumers, students are poised to identify
numerous opportunities for novel use of instructional
technology. The STC seeksto foster aresearch and devel opment
environment in which members, with suitable mentorship from
senior student peers and faculty, can explore novel uses of
educational technology. The school supports this mission by
providing financial support for pilot projects and dissemination
of lessons|earned through journal publications and conference
presentations. Academic informatics and/or computer science
departments can also play an important role in supporting
committee research endeavors.

A student-led pilot study and subsequent class-wideintegration
of iPads into our institution's gross anatomy laboratory
exemplifies the extent to which the STC model can impact a
school’s education ecology. Building on the experiences of
other institutions [18,26], committee members rapidly
implemented a low-cost pilot study to test iPads loaded with
two-dimensional and three-dimensional anatomy atlases with
60 students over a 2-month period. Poststudy surveys revealed
that studentsfound it to be a positive addition to their dissection
experience with distinct educational value; however, they also
identified key shortcomings to address. Working with school
leadership, the STC used this information to advocate
successfully for deployment of iPads at al tablesin the anatomy
laboratory. Since then, the STC conducts ongoing analysis to
help administrators tailor the hardware and software to student
needs.

Area 4: Promote | nformatics, Consumer Technology,
and Workplace Technology, and Their Applicationsin
Medicine and Education at Our I nstitution and Abroad

The STC aimsto prepare medical studentsto work intherapidly
evolving health care system under the heavy influence of
technological advances. Explicit training in this area at our
institution has been scarce. The committee hasidentified unique
opportunities to provide and facilitate instruction concerning
effective use of educational technology and to inform student
understanding and dialogue about the technologies shaping
21st-century health care. Committee members created online
resource guides to aid students in getting the most out of their
laptops and mobile devices as learning and clinical tools. The
STC developed a “Tech Talks’ series of lunch-hour faculty
lectures to engage students and the medical center community
in thinking critically about popular, clinically relevant topics
inbiomedical informaticsand medical technologies. In addition,
efforts are underway to develop elective seminar courses
teaching medical students about the changing dynamics of the
patient-physician relationship as altered by consumer and
medical technologies.

Benefitting Students and the I nstitution

Formalizing student involvement in educational technology
using the STC model offers clear benefits to the school as well
as committee members. Numerous advancements to the
educational ecology, including existing and new technologies,
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are possible (asoutlined in the previous section), benefitting all
students in the ingtitution through potential for greater
personalization of learning aswell asimproved satisfaction and
performance. Working toward a shared goal of improving the
academic experience for medical students, the committee,
together with faculty and staff, develops a collaborative and
constructive relationship that enhances the work of all parties.
TheIT staff are readily able to engage in rapid-cycle feedback
and development without significant time and energy
investment, increasing the likelihood of project success. Core
curricular faculty and administration gain direct insight into
student priorities, wants, and needs, which may differ
substantially from thoughts and plans devel oped without such
input. They also learn to break down traditional assumptions
about the limited roles medica students should play in
institutional initiatives [16]. In some cases, the STC may also
assume significant responsibility for development and/or testing
of new technologies, reducing the expenditure of resources by
the institution on those efforts.

Student members of the STC grow personally and professionally
through their experiences. Asproject |eaders, they devel op core
leadership skills, including team communication, delegation,
intuition, and the ability to inspire others. They learn how to
problem solve creatively and then translate their ideas and
opinions into convincing arguments that gain stakeholder
support. Students may also advance their personal technical
skills such as computer programming or graphic design, which
are increasingly in demand across the medical community.

As peer representatives, student members learn how to solicit
and assimilate diverse perspectives and advocate on behalf of
agroup. Working closely with faculty offersthem uniqueinsight
into the structure and politics of alarge educational organization,
which may inform their future work as teachers, leaders, and
scholars in academia. Students also receive hands-on training
and gain experiencein conducting researchin medical education,
and may have opportunities to develop skills in scientific
communication in written or oral formats. Most importantly,
their experience may dtimulate future learning and
self-improvement around any of a number of topics in
leadership, education, and technol ogy.

Discussion

A Successful Model for Students as Stakeholders

Motivated by demonstrative examples of the benefits of
integrated student involvement in advancing medical education
technologies, we developed a new student-led technology
committee model to inform effective use of these innovations.
Thoughtful engagement of motivated students as stakeholders
in the process of educational technology development and
deployment was essential to our approach. Further, our STC
model provided abasisfor unifying effortsand goals of students
and school leadership. Our experiences with the STC model
have borne out that students, coupled with institutional drive,
can help schools to realize technol ogy-focused advancements
in their educational ecology. Many opportunities are enabled
by this model to generate immediate and long-term value for
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committee members, the student body, faculty, staff, and the
school community.

We have gained the following key lessons, including
mechanisms to address potential limitations of our approach,
through the initial successes and challenges of implementing
our model.

Composing the Committee for Har mony

We learned the importance of the student composition of the
committee to ensure alignment of interests and complementary
skillsets. Whereas many student committees employ election
processes based on popularity or first-come interest [23,24],
such processes would likely be unreliable in selecting the best
students for the STC model. Through a careful application and
interview process, a select group of studentsis chosen to bring
amix of education and technology interests aswell astechnical
and leadership skillsets (Table 2). Despite the
technology-focused work of the committee, not all members
need be technological experts. Recruiting such ideal students
for the STC model may be challenging in the early days of a
new committee. Student interest should be solicited by founding
members and/or faculty advisorswith recognition that students
excited by education and/or informatics often do not know
where to apply their interests without invitation.

Fostering Student and Faculty Collaboration

We are fortunate at our institution to have an Assistant Dean
for Educational Informatics and Technology to serve as faculty
advisor and interface between the STC and the school
leadership. Although more institutions are creating similar
positions, schools without such dedicated roles should identify
faculty advisorswith experiencein educational technology who
are also strong communicators with constituents. As noted by
others[23,24], we also found that it is essentia for faculty and
staff to have an open attitude toward student involvement and
to affirm students' contributions to institutional projects. As a
2-way street, there should also be clear support for STC
initiatives from school |eadership, offering connections to key
faculty and staff, financial resources for appropriate projects,
and an open door to provide feedback and guidance. Together,
these practices empower students as change agents.

While involved faculty advisors and school leadership must
make asignificant commitment to fully support the STC model,
we redlized that they can benefit markedly from their
participation. These individuals develop a keen appreciation
for student input while also receiving gratification in knowing
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that they are advancing committee members and the student
body’s experiences. They may also become co-authors on
research publications led by the STC, helping to advance their
own careers and contribute to the field of education.

Identifying Appropriate Goals and Project Scope

In this paper, we have presented our framework of 4 core
missions that guide committee initiatives. In addition, school
leadership and committee members should regularly identify
shared goals that can inform specific project targets. We aso
found that it isessential that salaried work (eg, technical support
for students) be reserved only for faculty and staff.

Thefaculty advisor and committee leadership should collaborate
to keep project scopes concise and focused, while
simultaneously alowing members to dream big and wonder
“What if...?". There is potential concern that students do not
have time to be involved in this level of work and may be
distracted from their primary commitment as medical students.
We have found that group accountability, shared project
responsibilities, and input from the faculty advisor can help to
keep members balanced and reduce such risks to students
academic focus.

Applying Our Lessons

Moving forward, the STC will need to develop measures of
effectiveness to assess contributions to the school’s educational
ecology. Although informal feedback can provide some
guidance, routine surveys and objective metrics may elucidate
opportunities to improve both the processes and outcomes of
the STC model. These data may also enable the STC to secure
additional funding for project development and pilots.

Conclusion

As technology develops into an increasingly more essential
component of medical education, students need to play acentral
role as stakeholders in the creation and refinement of medical
education technologies. Through our novel student-led
technology committee, active mentorship, and formalized,
administrative commitment, we forged a collaborative vision
and effort to effect positive change across 4 core missions.
Students have demonstrated meaningful contributions to our
institution’s education ecology while generating substantial
benefits for committee members and faculty. Our experiences
may serveasamodel for other institutionsto spark advancement
of medical education technologies to improve training for
21st-century physicians.
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Abstract

Background: Augmented reality (AR) isincreasingly used across a range of subject areas in health care education as health
care settings partner to bridge the gap between knowledge and practice. As the first contact with patients, general practitioners
(GPs) are important in the battle against a global health threat, the spread of antibiotic resistance. AR has potential as apractical
tool for GPs to combine learning and practice in the rational use of antibiotics.

Objective: This paper wasdriven by learning theory to devel op amobile augmented reality education (MARE) design framework.
The primary goal of the framework is to guide the development of AR educational apps. This study focuses on (1) identifying
suitable learning theories for guiding the design of AR education apps, (2) integrating learning outcomes and learning theories
to support health care education through AR, and (3) applying the design framework in the context of improving GPS' rational
use of antibiotics.

Methods: The design framework was first constructed with the conceptual framework analysis method. Data were collected
from multidisciplinary publications and reference materials and were analyzed with directed content analysis to identify key
concepts and their relationships. Then the design framework was applied to a health care educational challenge.

Results: The proposed MARE framework consists of three hierarchical layers: the foundation, function, and outcome layers.
Three learning theories—situated, experiential, and transformative |learning—provide foundational support based on differing
views of the relationships among learning, practice, and the environment. The function layer depends upon the learners’ personal
paradigms and indicates how health care learning could be achieved with MARE. The outcome layer analyzes different learning
abilities, from knowledge to the practice level, to clarify learning objectives and expectations and to avoid teaching pitched at
thewrong level. Suggestions for learning activities and the requirements of the learning environment form the foundation for AR
to fill the gap between learning outcomes and medical learners personal paradigms. With the design framework, the expected
rational use of antibiotics by GPsis described and is easy to execute and evaluate. The comparison of specific expected abilities
with the GP personal paradigm helps solidify the GP practical |earning objectives and helps design the learning environment and
activities. The learning environment and activities were supported by learning theories.

Conclusions: This paper describes aframework for guiding the design, devel opment, and application of mobile AR for medical
education in the health care setting. The framework istheory driven with an understanding of the characteristics of AR and specific
medical disciplines toward helping medical education improve professional development from knowledge to practice. Future
research will use the framework as a guide for developing AR apps in practice to validate and improve the design framework.
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Introduction

Augmented redlity (AR) is a leading topic in media
consumption, education, health care, commerce, security and a
range of areas involving the development of mobile
technol ogies, such aswearable devices, cloud computing, mobile
phones, and tablets. AR was coined to describe aworker-training
app in which a computer-produced diagram is superimposed
and stabilized in a specific position on areal-world object [1].
ARisdefined asareal-timedirect or indirect view of aphysical
real-world environment that is enhanced or augmented by adding
virtual computer-generated information to it [2]; Carmigniani
and Furht's work focused on AR that is interactive and
registered in 3D. The International Organization for
Standardization (1SO), an international organization that
develops and publishes international standards for audio and
video coding, defines AR as a live view of a rea-world
environment whose elements are augmented by
computer-generated content, such as sound or graphics[3]. This
definition refersto any computer-generated content that can be
used to enhance the real physical environment.

Education frequently intersects with the AR evolution because
AR has the following characteristics:

1 AR provides users with an authentic and situated
experience, when connected with the surrounding real-world
environment.

2. AR enhances the physical environment around users with
virtual information that becomes interactive and digital.

3. AR showsusersan indirect view of their surroundings and
enhances users’ senses through virtual information.

When companies were developing early versions of AR, an
important focus area was workplace training.

Within health care education, AR has been used across arange
of subject areas. In our preintegrative review of papers published
before November 2012 [4], weidentified 2529 research papers
in the Education Resources Information Center (ERIC), the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), MEDLINE, Web of Science, PubMed, and
SpringerLink through computerized searching with two groups
of words: augmented reality and its synonyms, and medical
education and its synonyms. A total of 439 full papers were
checked and 77 matched the content criteria. We analyzed 25
of the papers that clearly described a research question and/or
aim, research results, data collection, and analysis processes.
The results showed that AR is useful for health care learning,
and that learners accepted AR as a learning technology. The
acceptance of AR was verified by our preliminary interviews
with two managers and three physicians in two community
hospitalsin China.

In our preintegrative review, most papers claimed that AR is
beneficial for health care learning. Specific benefits included
thefollowing: reducing the amount of practice needed, reducing
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failure rate, improving performance accuracy, accelerating
learning speed and shortening learning curves, capturing
learners’ attention, improving one’'s understanding of spatial
relationships, providing experienceswith new types of authentic
science inquiry, and improving the assessment of trainees.
However, few papers mentioned using learning theory to guide
the design or application of AR for health care education.
Instead, the traditional learning strategy, “ see one, do one, and
teach one,” was used to apply the new technol ogy.

A design framework connects concepts with applied problems
in order to provide a comprehensive understanding of a
phenomenon and to guide practice[5]. Aninstructional-design
framework that supports goals, values, and systematic methods
has been shown to overcome the shortcomings of a
technol ogy-driven approach, which traditionally has been used
to design technol ogy-enhanced training programs[6]. However,
in our comprehensive literature search, we did not find a
published design framework that guides the design and
development of AR in health care education.

The spread of antibiotic resistance has become a major threst
to global public health [7]. A health systems perspective was
suggested to solve the dangers and ethical dilemmas of current
use, misuse, and overuse of antibiotics[8]. General practitioners
(GPs) arean essentia part of medical carethroughout the world,
and their education in rational antibiotic use should enhance
carein higher-income and lower-income settings[9]. Evidence
shows that the effects of GP training in appropriate antibiotic
use varies [10]. Well-designed medical education has been
shown to improve targeted antibiotic prescribing outcomes[11].
However, evidence also shows that educational outreach often
fails in more experimental settings due to insufficient
workability where the education does not “fit” with the work
environment [12]. In addition, drug-centered pharmacology
teaching or disease-centered diagnostic clinical training has
been weak in transforming pharmacological knowledge into
clinical practice [13]. To address this health care education
challenge, our study examined the use of augmented reality as
a powerful partner to bridge the gap between knowledge and
practice.

Mobile technology, which is portable and can be easily
immersed in different environments, is developing rapidly.
According to areport by Morgan Stanley, by 2020 the use of
mobile Internet computing is projected to surpass desktop
Internet usage by over 10 times[14]. There are currently more
than 100,000 health care apps available[15], and current mobile
tools—tablets, mobile phones, and other wearable
devices—include features that rival existing AR tools (eg,
built-in video cameras, globa positioning systems [GPS],
wireless receivers, and sensors) [16]. This integration of
embedded devices can facilitate the ability to track learnersin
their natural environment and objects that enhance learning
[17]. In health education, app-based mobile devices have been
shown to support individual and social aspects of learning [18].
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The benefit of mobile phone use in health care has aso been
shown for evaluating interventions with antibiotic treatment
[19].

In short, AR with mobile technology has the potential to
transform health education, yet lacks an effective framework
for guiding the design, development, and application of such
tools. AR can change the effects of GP training in the
appropriate use of antibiotics, in an effort to reduce threats from
existing global health epidemics.

This study aimed to develop a mobile augmented reality
education (MARE) design framework that would guide the
development of AR educational apps for health care settings.
We used the rational use of antibiotics as a context for piloting
MARE. This study addresses the following research questions:

1. What learning theories are suitable for guiding the design
of an AR education app?

2. What factors should be involved in designing the MARE
framework to support effective health care education
through AR?

3. How can the devel oped design framework be applied inthe
context of ahealth educational challenge, such asimproved
prescribing of antibiotics?

Methods

Overview

Translating new information into clinical practice depends on
six types of systems, each with its own purpose and agenda
[20]. These systems include the health care environment, the
physician him/herself, relevant clinical information, continuing
medical education, implementation of a clinical strategy, and
clinical regulatory oversight. The multidisciplinary views
provided by such systems could be useful in designing,
developing, and applying AR in health care education.

Development of the Mobile Augmented Reality
Education Design Framework

The design framework for MARE was built using a conceptual
framework analysis method (CFAM) [5]. CFAMS, based on
grounded theory qualitative methods, are multidisciplinary
research approaches aimed at invoking critical thinking during
the iterative processes of the research [21]. CFAMs are used to
generate conceptual frameworks from multidisciplinary
publications and reference materials. These frameworks connect
the problemsidentified with the concepts to be applied in order
to provide understanding of a phenomenon [5]. CFAMSs have
been applied in designing conceptual frameworksthat illustrate
social considerationsfor information technology in health care,
education, and work/practice research [21-23]. The CFAM’s
multidisciplinary approach makes this analysis method
particularly suitable for designing a MARE framework, since
learning is a complex process.

Jabareen suggested that a CFAM is composed of eight steps:

...a) mapping selected data sources; b) reviewing the
literature and categorizing the selected data; c)
identifying and naming the concepts; d)
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deconstructing and categorizing the concepts; €)
integrating the concepts; f) synthesis, re-synthesis,
and making it all make sense; g) validating the
conceptual framework; and h) rethinking the
conceptual framework. [ 24]

To design the framework, we collected data from research
papers, government reports, conference papers, and websites,
as well as documentation of instructional experiences across
areas such as medicine, public health, education, instructional
design, information technology, and management. Directed
content analysis was used to analyze the collected data. This
analysiswas guided by astructured process and was particularly
useful for conceptually developing a theoretical framework
[25]. The initial coding of categories starts with instructional
system design theory, which involves following the principle
of instructional design to promote effective, efficient, and
engaging instruction by asking what, how, and why [26]. The
study’slead author (EZ) used direct content analysisto identify
key concepts and determine how they might be related within
aframework. The conceptswere then discussed with the study’s
principal investigator (NZ). EZ created the framework, as well
as the supporting figures to aid future instructional designers
in use of the framework, and piloted the framework in
collaboration with members of the research team. The
framework and supporting figures were then discussed among
the authors and resynthesized to support the aims of the study
and to improve future usability of the framework by readers.

Application of the Mabile Augmented Reality
Education Design Framework to an Educational
Challenge

The MARE design framework was applied in designing AR for
GPs rational use of antibiotics education. This application of
MARE and a subsequent AR program could help solve amajor
health care educational challenge. The framework was aso a
step toward the validation of MARE through its application.

First, following our development of the MARE design
framework, a systemic architecture, which was provided by the
main framework, helped handle the main factors of the
application of MARE to GPs ' rational use of antibiotics. Second,
the data—specific to education on rational use of antibiotics by
GPs—were acquired and analyzed. We collected learner abilities
and therational therapeutic processfrom report authorities such
as the World Health Organization and Public Health England,
and then examined the results of rationa use within medical
and health education. Next we used expected learner abilities
to describe the learning outcomes and analyzed the GP learners
personal paradigm with the rational therapeutic process. Last,
we compared the learning outcomes and the GP persona
paradigm, and used the MARE function structure to define
learning environments and design learning activitiesthat would
be useful for GPsto improvetheir ability and devel op their own
paradigm for the rational use of antibiotics. The learning
environment and learning activity design were guided by the
learning theories.
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Results

The Mobile Augmented Reality Education Design
Framewor k

Overview

The relationships among the key concepts we identified using
the CFAM informed the following framework shown in Figure
1. The learner is central to the instructional design guided by
this MARE framework. These concepts include learning
theories, objectives, assessment, activities, environment,
materials, and the personal paradigm. They have been mapped
to three main layers of MARE—foundation, outcomes, and
function.

Thethree main layers of the framework provide the hierarchical
structure for the content objects. The design order started with
defining learning objectives in the outcome layer. We then

Figure 1. The main elements of the MARE design framework.
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developed the foundation through examining theories that
support the MARE framework and its associated AR
characteristics. Finally, we focused on designing the function
level, which was guided by the learning theories, in an effort
to achieve the outcomes.

The relationships between the layers and concepts areillustrated
in the following figure through the use of arrows and colors.
As the framework design was an iterative process, the AR
function layer is the design object, while the foundation and
outcome layers provide support to achieve the design aim. The
factors within a layer (colored orange and purple) should be
considered while designing each layer. The four key elements
shown in orange are highlighted in the framework. The purple
factors help to support each layer, as needed. One-way arrows
pointing to aconcept areinfluenced by their starting ideas. The
two-way arrows align with the concepts, as both the source and
the target of relationships.

Expected Learning v
Abilities of —>| Objectives Learning Outcome
Learner Assessment
y I v
Learners’ Personal Paradigm [—>| Learning Assets
AR v 3 0 v Function
Learning Activities | <> | Learning Environment
L > Learning Theory <—Foundation

Foundation Layer

The foundation provides the reasons why MARE is useful for
health care education and considersour first question regarding
which learning theories are suitable. Different learning theories
provide different views on learning. Learning theory is the
foundation for devising learning activities, organizing study
content and material's, and establishing learning environments.
Guided by suitable learning theory, AR can perform optimally
in health care education [27].

Function Layer

Function tells us how health care learning could be achieved
with MARE. The function depends upon the learners’ personal
paradigms, which wewill define and discuss more deeply below,
and provides support for the outcome and foundation levels.
Learning requires suitable material and activities in an
appropriate environment. Theselearning materialsand activities
should be selected and developed by considering the learning
objectives and the learners’ paradigm, along with the AR
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learning environment. The choice of activitiesand environments
should be grounded in learning theory from the foundation level
and the characteristics of AR.

Outcome Layer

The outcome helps us understand which abilities health care
learnersmay achievethrough MARE and informshow to design
the functional level of MARE. Professiona certification
requirements and the learner’s paradigm include preknowledge
and influence the learning objectives. Meanwhile, the learning
assessment standards, as part of the outcome level, should be
ascertained according to the specific learning objectives.

TheOutcomelL ayer Combined With Miller’sPyramid
and Bloom’s Taxonomy

Overview

First, we consider the outcomesfor MARE, which are concerned
with the learner’s abilities. We combined certification criteria
with learning objectives and assessment measures based upon
well-established educational frameworks. Miller's pyramid of
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clinical assessment provides understanding of transforming
knowledge to action in medical education [28]. However, most
of this research focuses on action verbs adapted from Miller's
pyramid [29]. Simply using action verbs on behalf of low
cognition levels asthe entire ability on Bloom’staxonomy leads
to "teaching pitched at the wrong level" [30].

Bloom’s taxonomy and its development have been used for
planning, designing, assessing, and evaluating training and
learning effectiveness around the world. Three domains—the
cognitive domain, the psychomotor domain, and the affective

Zhu et a

domain—have each been ordered by the degree of difficulty.
Thethree domains, aso known as cognition, skill, and attitude,
are independent but influence one another. Figure 2 shows the
integrated hierarchy of an ability model and how to evaluate
MARE outcomes, from knowledge to action. Anderson’s
adapting cognitive domain, Bloom’'s affective domain, and
Dave's psychomotor domain were adapted for MARE [31-33].
Aswe move from knowledge to action, we see different ability
levels form different cognitive and physical skills. Only the
affective domain did not map directly to ability level, but
affected ability achievement.

Figure 2. Ability frames from knowledge to action: how to evaluate MARE outcomes.

Receive

Respond

Value

Organize

Internalize

Knowledge L evel

Knowledge is about knowing facts, information, descriptions,
or skills. Knowledge includes procedural knowledge and
declarative knowledge. Procedural knowledge, which is the
skill within the knowledge level (KS), can be evaluated by
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Action

Performance

Competence

Knowledge

imitating or manipulating. Declarative knowledge, whichisthe
cognition within the knowledge level (KC), can be tested by
remembering or understanding. Although attitude is not part of
knowledge, attitude affects health care student learning
knowledge. Knowledge can be assessed by tracking the students
behaviors during the health care learning processin MARE.
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Competence Level

Competence is the ability to apply knowledge or a precise
behavior inthe practical context. Competenceisabout knowing
and doing something the right way. Emotions and values not
only affect the application of knowledge, but are also a
foundation upon which to build competence according to
physicians' professional competence definitions [34]. The
cognition within the competency level (CC) can be evaluated
by reliably solving problems, and the skill within the
competency level (CS) can track and test physicians operating
in real circumstances or simulated practice.

Performance Level

Performance is the quality needed to accomplish work, acts,
and achievementsin real clinical practice. Performanceisbased
on competence, but isinfluenced by government, organizations,
patients, and individual physician factors [35]. Performance
requires higher cognitive ability, such as analyzing and
evaluating. A real case from the physician clinical setting is
provided for the physicians to analyze and evaluate in MARE.
Thus, physicianswill analyze and eval uate their cognition within
the performance level (PC). Higher performance is articulated
in the skills demonstrated. The skill within the performance
level (PS) can be tracked and evaluated. Since personal
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performance is affected by many other factors, improving
performance cannot be separated from organizing attitudes or
values, which requires comparing and synthesizing different
values to resolve conflicts.

Action Level

Action is the ability to run a series of events for a given set of
processes in headlth care to optimize patient outcomes. The
results of action come from one's individual performance as
well as collaboration with other colleagues and shared decision
making with patients, caregivers, or advocates where
appropriate. At the action level, the skill is naturaizing
behaviors, and the core of cognition is focused upon creating
new meaning or structure. Theskill withintheactionlevel (AS)
and the cognition within the action level (AC) can be evaluated
through patient outcomes and the impact on other physicians.

By applying this ability frame from knowledge to action, the
expected abilities of GPs' rational use of antibiotics are
specifically described, as shown in Tables 1-4. Every item that
is a component of the expected abilities uses the verbs from
Bloom's taxonomy to make the item easy to execute and
evaluate. We can use the related assessed ways in Figure 2 to
design how to evaluate them in MARE.

Table 1. Expected general practitioner knowledge of rational use of antibiotics.?

Domain Expected knowledge

Cognition

O N OTAWN PP

classes of antimicrobials

B ©

Skills

=

Stating public health antibiotics national guidelines

Recognizing trade and generic names, and the class of prescribed antimicrobial

Understanding the nature and classification of pathogenic microorganisms

Understanding the principles of prevention, treatment, and control of infection

Understanding the modes of action of antibiotics: broad versus narrow spectrum

Understanding the mechanisms of antimicrobial resistance

Understanding local microbial-/antimicrobial-susceptibility patterns

Understanding of common side effects, including allergy, drug/food interactions, and contraindications of the main

Interpreting basic microbiological investigations
0. Interpreting clinical and laboratory biological markers

Obtaining microbiological cultures or other relevant tests before commencing treatment as necessary

2. Implementing microbiological and other investigations to diagnose and monitor the response to treatment of infections

and their complications

3. Choosing in case of prior use of antibiotics when selecting an antibiotic for empiric therapy

Attitude 1

Understanding the importance of taking microbiological samples for culture before starting antibiotic therapy

2. Understanding the importance of monitoring for common side effects, including allergy, drug/food interactions, and
contraindications of the main classes of antimicrobials
3. Responding to the importance of selection advantages

#The table content was devel oped using various sources [36-38].
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Table 2. Expected general practitioner competencies for rational use of antibiotics.?

Domain Expected competencies
Cognition 1. Selecting and prescribing antibiotic therapy according to national/local practice guidelines
2. Using local microbial-/antimicrobial-susceptibility patterns when conducting empiric treatments
3. Using antimicrobial agents for prophylaxis appropriately
4. Constructing the prescription for an antimicrobial with its pharmacokinetics and knowing how this affects the choice of
dosage regimen
Skills 1. Choosing and calculating the dose, route, and interval of administration
2. Monitoring the therapeutic drug and adjusting doses to ensure adequate drug levels
3. Using the antibiotics toolkit
Attitude 1. Notinitiating antibiotic treatment in the absence of bacterial infection
2. Avoiding the unnecessary use of broad-spectrum antimicrobials
3. Using only single doses of antimicrobials for surgical and other procedures for which prophylaxis has been shown to be

effective unless published national recommendations suggest otherwise

#The table content was devel oped using various sources [36-38].

Table 3. Expected general practitioner performances with rational use of antibiotics.?

Domain Expected performances
Cognition 1. Applying best bacteriological guess for empiric therapy
2. Estimating the shortest possible adequate duration
3. Assessing when not to prescribe antimicrobials, and use of alternatives
4. Reassessing the antibiotic prescription around day 3
Skills 1. Switching to the correct antimicrobial based on microbiological results and cost effectiveness
2. Mastering delayed antimicrobial prescription and negotiation with the patient
3. Inputting documentation in the prescription chart and/or in patients' clinical records
Attitude 1. Working within ethical code of conduct
2. Applying legal and ethical frameworks affecting antibiotic-prescribing practice

#The table content was devel oped using various sources [36-38].

Table 4. Expected general practitioner actions with rational use of antibiotics.?

Domain Expected actions
Cognition 1. Engaging the views of others and cooperating with others with more expertise in antimicrobial treatment policy decisions
2. Educating patients and their caregivers, nurses, and other supporting clinical staff
3. Engaging regularly in team-based measurement of the quality and quantity of antimicrobia use
4.  Sharing with prescribers, as well asinforming antimicrobial surveillance/infection prevention and control measures
Skills 1. Using the results of adverse-event monitoring, laboratory susceptibility reports, antimicrobial prescribing audits, and an-
timicrobial usage data
2. Producing sustained improvements in the quality of patient care
3. Using locally agreed-upon process measures of quality, outcome, and balancing measures
Attitude 1. Adapting consultations and prescribing to meet patient diversity
2. Ensuring that confidence and competence to prescribe are maintained
3. Maintaining patient confidentiality, dignity, and respect in line with best practice, regulatory standards, and contractua

requirements

#The table content was devel oped using various sources [36-38].

The Learning Theories Supporting the Foundation

L ayer

to guide the design, development, and application. AR has the
potential to provide powerful contextual situated learning
experiences and to aid in exploring the connected nature of

Understanding learning theories and their interpretations can  information in the real world. According to the requirement for
boost the use of effective teaching and learning strategies for  transforming health care education and these characteristics of
medical education practice [27]. However, as we emphasized, AR, we selected three learning theories guiding MARE design:
few AR programs in health care education use learning theory  situated learning, experiential learning, and transformative
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learning. Table 5 shows the main characteristics of these
learning theories and how they can inform MARE design.

The reasons we chose these three learning theories are as
follows:

1. From the view of social practice, situated learning theory
provides a holistic perspective on the interpretation of
learning by exploring the situated characteristics of the
learners, environment, and practice [39].

2. Experiential learning theory emphasizes the dynamic state
between the learner and the environment [40]. This theory
differs from situated learning theory by focusing more on
the experiences of anindividual learner to create knowledge.

3. Transformative learning focuses on discovering evidence
that education facilitates changesin the learner’ s frames of
reference or schema by which the learner identifies his or
her life world [41].

Zhu et a

These three learning theories provide different views of learning
and enhance different characteristics of learning environments,
which AR could provide. In addition, the learning activities
suggested by these theories could be applied in MARE. Each
learning theory can inform decisions for the learning
environment, activities, and how to apply AR.

L earning environments that encompassthe physical, social, and
psychological context of learning are of significant importance
and require the attention of medical and other health sciences
educators when they teach or design acourse[44]. The medical
learning environment could be in medical school, an academic
health center, or a clinical environment. Different learning
settings are supported by different types of learning
environments.

Table 5. Comparison of situated learning, experiential |learning, and transformative learning.2

Characteristics

Situated learning

Experiential learning

Transformative learning

Learning assump-
tion
Learning perspec-
tive

Definition

Environmental
conditions

Learning activities

Implications for
MAREP

A dimension of socia practice

Concernsthe whole person acting in theworld

Learning is participation in communities of
practice, which produces knowledgeableiden-
tities and the community itself

Real-life situation where the learning occurred

Sustained participation viaobservation, collab-
oration, and communication

Thinking holistically about learning activities,
real practical tasks, real environments, and
MARE functions

Understanding and using the social situation,
especially the real-life environment

Design activities to sustain participation with
MARE (or AR

A holistic process of adapting to the
world

Combines experience, perception,
cognition, and behavior

Learning is the processing of transfor-
mative experiences, which includes
concrete experience and abstract con-
ceptualization

Create learning environments for feel-
ing and thinking, reflecting, and acting

Reflective observation and active exper-
imentation

Design virtual learning environment
for feeling, thinking, watching, and
doing

Utilize Kolb's spiral model from con-
crete experience or knowledgeto action
[40]

Critically aware of the personal
paradigm

Implicates transformation in meaning
perspective that encompasses cognitive,
conative, and affective components

Learning is changing problematic
frames of reference, which comprise
habits of mind, points of views, and
mind-sets

Safe environment, authentic settings

Critical reflection and dialectical dis-
course to validate beliefs, intentions,
values, and feelings

Design thelearning activitiesto reflect
upon and change problematic frames
of reference

#The table content was devel oped using various sources [39-43].
bMobile augmented reality education (MARE).
CAugmented redlity (AR).

The Functional Level Design

Overview

MARE provides a prompt, portable tool for medica student
learning within the clinical setting in order to transform
knowledgeinto practice. Theflexible personal paradigm, which
is “more inclusive, discriminating, open, reflective, and
emotionally able to change,” is more appropriate for guiding
action [43]. The most important function of AR is mixing
aspects of the real environment with virtual objects to create
different learning environments. As backed by the learning
theories previoudy discussed, these mixed environments will

http://mededu.jmir.org/2015/2/e10/

be useful for the medical student to form a flexible personal
paradigm.

We propose the following function structure shown in Figure
3for developing MARE. The personal paradigm isthe starting
point of design learning and must transform to becomeflexible.
A physician’s personal paradigm includes his or her personal
style of diagnosis, treatment, prescription, and drugs
(P-diagnosis, P-treatment, P-prescription and P-drugs, which
are four related processes) [13]. The physician’s personal
paradigm could be analyzed through observation and deep
interviews.
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Second, by comparing the learners personal paradigms with
professional expectations, we can describe the learning
objectives and check their problematic reference. The learning
activities cycle, which focuses on improving one's personal
paradigm from feeling, watching, and thinking to doing, will
help learnersreflect on their practice and change the problematic
frames of reference.

After identifying the learning objectives, an AR environment
of MARE framework should be designed. Four oriented learning
environments, which can add different virtual objectstothereal
clinical environment, create multiple sensory channels for
learning [45]. Affective-oriented environments affect health
care learners’ feelings. Perception-oriented environments are
beneficial for observation. Symbol-oriented environments are
particularly useful for thinking, and behavior-oriented
environments are beneficial for doing [42].

The real clinical environments are the immediate context in
which a connection is needed between learning and practice.
The real clinical environment is the anchor and scaffold upon
which learners are encouraged to learn. The rea clinica
environment includes physical environments and social
environments. The content in physical environments, such as
patients and their disease, microbiological samples,
documentation and clinical notes, medical egquipment, drugs,

Figure 3. MARE function structure.
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and consequences of bacterial resistance, can be the anchor to
trigger alearning activity, which then aims to fulfill alearning
outcome within the appropriate therapeutic stage. The social
environment (ie, local culture and customs, organizational
norms, and policy) shapes the content and forms of learning,
which should be more instrumental or communicative.

Virtual environments, which are simulated with computers,
extend the real-world environment with an assurance of safety
and enable or increase opportunities for engagement. Although
it may be necessary or attractive for medical learners to learn
inthe clinical context, observing areal-world context could be
dangerous, expensive, or even impossible [46].
Computer-generated content, such as sound, graphics, 3D, video,
or text, shows learners an indirect view of surroundings and
enhances learners different senses to achieve the learning
objectives.

In these environments, learning activities are added, which will
help medical learners to recognize and build their personal
paradigm as they develop skills, gain insights, and determine
the dispositionsthat are essential for trandating what they learn
into action. Each mixed environment in MARE has its own
focus on different learning activities, and the environments
should complement and reinforce one another.

Problematic Treatment

(D Compare

the clinical setting
to expected learner
abilities to identify
personal paradigm
problems (Cognition,

Problematic
Personal
Paradigm

Physical & Social
Environments

() Select

the clinical environment
and combine with virtual

Clinical Environment Augmented enviranmenis
Reality Virtual Environments
Learner o e(\oa ,&\o@ Affectively Perceptually Symbolically Behaviorally
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Skills [ ks ¢S Ps As to address X Y
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(®Design —
the learning activities Learning Activities
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J

44

Clinical & Virtual Environment
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The personal paradigm iscompiled from the frames of reference
that shape learners beliefs regarding guiding action in
transformative learning theory. The personal paradigm combines
the individual’s mind-sets, habits, and meaning perspectives,
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and encompasses cognitive, conative, and aff ective components.
Thisparadigm is affected by sociolinguistics, mora and ethical
values, learning styles, religious beliefs, psychological hesth,
and aesthetic preferences [43], and is developed through the
learners’ learning and/or practice experience. Problematic frames
of reference can be caused by poor teaching, digointed practice,
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bad example by colleagues, patient pressure, and salesmanship
[47].
Learning Environment, Assets, and Activities

Thelearning environment provides the conditions and external
stimuli that facilitate learning and transform the learners
paradigms. Learning assets provide the content for learning
[48]. Learning assets are composed of different media forms,
such as text, sound, and video; various media can be used in
MARE to create different learning environments and realize
the valuable functions of different media [49]. MARE mixes
real clinical environmentsand virtual environmentsinalearning
environment within which learners feel, think, watch, and act.
Real clinical environments are an immediate context in which
learners connect with the learning and practice. These
environments include physical environments and social
environments. As expected by situation learning theory [39],
the clinical environments provide the anchor and scaffold in
which learning isencouraged. Thevirtual environment isuseful
for learners who learn in different ways and transforms the
problematic frames of reference in their persona paradigms.
These types of environments conform to create safe
environments, in which learners experience learning theories
including transformative |earning theory [42]. Learning activities
arethe approach by which learners obtain meaning from learning
material, context, and other peoplein thelearning environment.
The three learning theories suggest various learning activities,
as seen in Table 1. Although an individual’s learning style
preferences may be inclined toward specific activities, using
diverselearning activitiesis effectivefor al learning styles[42].

Application of Mobile Augmented Reality Education
to a Health Care Challenge

In recent years, one of the global health threats has been the
spread of antibiotic resistance. Encouraging rational antibiotic
use is of paramount concern to authorities worldwide in order
to minimize the development of resistance [50]. Multifaceted
national and international strategies have been recommended
[51]. Education is an important strategy for the rational use of
antibiotics. We used the MARE framework to design GP
training for the rational use of antibiotics.

Implementing the MARE framework involves several steps:
(1) defining the educational outcomes (based on the outcome
layer), (2) defining the GP's persona paradigm, (3)
characterizing the learning environment, and (4) designing the
learning activities.

TheOutcomelL ayer of General Practitioners Rational
Use of Antibiotics

Overview

Thedifferent abilitiesfor rational use of antibioticswere adapted
from Public Health England and a number of authors [36-38].
In Tables 1-4, we show how cognition, skill, and attitude can
be identified across the spectrum of abilities from knowledge
to action. Emotions or attitudes affect the abilities acquired, but
do not have a corresponding relationship to specific cognitive
and physical skills. Weinclude every affectivelevel inthetables
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for easy understanding. Attitudes within each level will be
surveyed through an attitude questionnaire instrument.

Knowledge Level

Knowledge-level expectations for GPs regarding the rational
use of antibiotics are shown in Table 1. When GPs use MARE
asatool for evaluating knowledge, they can scan or take aphoto
of the object in their workplace, task, or virtual case, and the
real object will be integrated in MARE. GP behavior can be
tracked and their skill within the knowledge level tested. For
example, KS1 involves obtaining microbiological cultures or
other relevant tests before starting treatment as necessary. A
patient who has bacterial pneumonia or viral pneumonia will
be shown to a GP treating in MARE. The GP will either select
laboratory tests and interpret results or not. We will know
whether the GP achieves KS1 or not. The KC of GPs can also
be evaluated in MARE. GPs can write instant messages,
comment, and annotate that they understand the rational use of
antibiotics. GPs can also categorize, tag, or highlight the
information that they think is correct. For example, KC2 is
recogni zing trade and generic names, and the class of prescribed
antimicrobials. GPs can categorize the class of prescribed
antimicrobials when using MARE to scan trade or generic
names.

Competence Level

The competence level expected of GPs regarding rational use
of antibioticsis described in Table 2. Emotions and values not
only affect the application of knowledge but are aso a
foundation for building GP competence according to physicians
professional competence definitions[34]. Whenweuse MARE
to evaluate GPS competence levels, the cases could be
conducted in mixed real environments (eg, the real person and
the symptom described coexist on the GP's mobile phone in
hisor her workplace). The procedure for forecasting, executing,
or replying can be uploaded to evaluate the GP's CC and CS.
For example, CC4 is constructing a prescription for an
antimicrobial with its pharmacokinetics and knowing how this
affects the choice of dosage regimen. The case condition will
change when different antimicrobials are used with their
pharmacokinetics. The result for the forecasting of antibiotics
by the GP and the dosage regimen will be evaluated.

Performance Level

The performance level expected of GPs regarding the rational
use of antibioticsis shown in Table 3. To aid GPs in assessing
their workplace performance using the MARE framework, we
should build a network for physicians in which they can share
their work experiences; then the GPs can review, question, and
validate their work performances with each other. Further, the
GPscan negotiate, debate, and comment on real cases, and their
performance in skills, such as PC and PS, can be tracked and
estimated. For example, PS2 is mastering when to use adelayed
antimicrobial prescription and how to negotiate this with the
patient. One way is to evaluate the GP's response with the
patient case shared on MARE with other GPs meeting at areal
clinic. Another way is through creating a story case in which
GPs often meet at their workplace to check how the GP deals
with delaying antimicrobial prescriptions and negotiating.
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Action Level

The action level involving the rational use of antibiotics is
explained in Table 4. It is hard to evaluate GPs' real actions,
but MARE could be aplatform for GPs collaborating, planning,
and publishing their views or directing others. As an initiator
for action, GPs' internalized values can regulate the GPS
pervasive and consistent behavior.

First, we use the expected abilities in Tables 1-4 to analyze the
GP's persona paradigm with the rational therapeutic process
(see Figure 4). For example, a GP needs items KC3 and KC10
for physical examination clinical symptoms and signs. Items

Zhu et al

KC7, KC9, KC10, KS1, and KS2 are the GPs' abilities when
they select laboratory tests and interpret the results, and so on.
Each ability item in Figure 4 can be compared with the GP's
current persona paradigm. GPS problematic frames of reference
for using antibiotics were identified with comparisons.
Problematic frames of reference could be caused by alack of
ability or the wrong habit and mind-set. Finding the problem
areaswill help establish specific learning objectives. Meanwhile,
an evaluation tool was developed to assess these specific GP
learning outcomes. Content for Figure 4 was developed using
various sources [13,52,53].

Figure 4. The process of revising the personal paradigm for a rational therapeutic process. The figure content was devel oped using various sources

[13,52,53).
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General Practitioners Personal Paradigms About
Rational Use of Antibiotics

The GP's persona paradigm is the means by which he or she
sets his or her prescribing behavior for antibiotics. Figure 4
displays the process of revising the personal paradigm for a
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rationa therapeutic process. The components of the GPS
paradigms with rational use of antibiotics have been described
as different abilities in Tables 1-4. The problem of a GP's
paradigm in the real clinical setting could be checked within
Figure 4 and Tables 1-4. GPs require different abilitiesin each
phase of the therapeutic process to build their own paradigm
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with rational treatment as the ultimate aim. Although the
P-diagnosis initiates the therapeutic process, each phasein the
paradigm could be adapted independently or considered as a
whole during the learning process. When a phase isisolated in
theindependent paradigm for training models, the other relative
phases in the paradigms are assumed to be perfect.

In comparison to the expected abilities and the ideal paradigms
for a GP's rational use of antibiotics, GPs will need different
abilities in each phase of the therapeutic process. Asin Figure
4, we added the expected ability in each stage. For example,
GPsneed only some K C in afew stages of each phase, and these
abilities are the basis of later stages and phases. The ability to
combine cognition and skill is needed in most stages, and is
shown by being able to progress from knowledge to the
performance or action level. Emotions and attitudes are as
important to achieving learning objectives as are cognition and
skill. As we mentioned before, emotions and attitudes do not
map directly to ability level, but rather to the GP paradigm in
each stage.

Aside from the abilities that help construct the GP's personal
paradigm, many other factors affect a GP's paradigm. MARE
should help GPs build more accurate personal paradigms or
transform problematic frames of reference. In Figure 4, theGP's
existing personal paradigm, the situation, and the characteristics
of each stage in the therapeutic process are analyzed. The flow
and visualization of relationships can help inform the design of
learning activities and learning environments with MARE.

L earning Environment Design for General
Practitioners' Rational Use of Antibiotics

After the learning objectives and the GP's personal paradigm
for the rational use of antibiotics are compared, the learning
environment could be designed for GP rational use of antibiotics
asfollows:

1 In affective-oriented environments, visuals or voice
simulations are overlaid in the physical environments to
affect the attitudes of GPs in specific settings. GPs are
encouraged to share their values and feelings from their
concrete experiences.

2. In perception-oriented environments, GPs observe the
process simulations of infecting and treating with the real
object to reflect and change their habit of misusing of
antibiotics. GPswill examinethe problem-solving strategies
that they used in clinical practice.
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3. Insymbol-oriented environments, the tasks, guidelines, and
alarms are integrated in the therapeutic process to show
“the revealed and the concealed” aspects of a complex
professional activity. GPs create personal knowledge and
develop abilitiesthrough discovering, building, and testing
hypotheses, and through changing variables and observing
the results.

4. In behavior-oriented environments, GPs interact with the
virtual object in combination with the real clinica
environment to practice what they learn and reflect upon
what they do. GPs make their own choices and become
more critically reflectiveto adapt to uncertainty and variable
conditions through the decision to act upon a transformed
insight.

Learning Activities Design for General Practitioners
Rational Use of Antibiotics

Thelearning activitiesare designed as design strategiesfor GPs
to focus on personal experience during the entire therapeutic
process, and to promote reflection on their own personal
paradigm in the rational use of antibiotics. The personal
paradigm includes four related processes, and correlation and
difference functions (as shown in Figure 4), which affect the
rational use of antibiotics. In different learning environments,
the four types of reflection—premise, process, content, and
action—help interpret and give meaning to the GP's own
experience. Within different learning environments, GPs use
different learning activities to achieve the learning outcomes
for each stage. Table 6 suggests how to apply learning strategies
in the four learning environments.

One specific example of the use of MARE as a software app
involves examining the effect of AR on emotions and the
emotional and cognitive development of physicians within
community-based hospitals. Using MARE, we can develop a
mobile phone-based software app to be used on the physician’s
own mobile phone. GPs who work in community hospitals
would be included in the study after they have given informed
consent to participate in the trial. During the learning process,
the physician participants would take turns role-playing as
physicians and patients. Asaphysician, aGP could see, through
his or her mobile phone, the virtua pneumonia infecting a
patient via a bacterium or virus. When a GP chooses an
antibiotic to treat viral pneumonia or the dose is wrong in the
MA RE app, the pathogen and commensal changein the patient’s
body will appear on the GP’'s mobile phone.
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Table 6. General practitioners learning activities and application examples in learning environments®

Learning environ-
ment

Learning activities

Examples of use in antibiotic education

Affective oriented

Role-playing of GPL as patients could arouse GPs
empathy.

Sorytelling could be used to share GPs' experiences
to become aware of their own problems.

Sdlf-examination or discussion with peers could raise
consciousness about the rational use of antibiotics.

Premise reflecting may lead to transforming the GPs'
belief systemsin the use of antibiotics.

Per ception oriented

Demonstration observing could provide GPs the right
therapeutic skills and transformed insights regarding
infectious diseases.

Case studies could improve the GPs with the ability
to analyze and resolve problems.

Process reflecting questions the etiology and factors
of actions that might change GPs’ problem-solving
strategies during the therapeutic process.

Symbol oriented

Cognitive apprenticeship, which makes thinking visi-
ble, could iteratively build the GPs' intellectual skills
in rational use of antibiotics.

Rational discourse could offer GPs accurate and
complete information with which to get objective and
rational consensus on the rational use of antibiotics.

Reflective journal writing could help GPs externalize
and articulate what they are learning.

Content reflecting involves GPs thinking back to what
was done in past experiences, which might transform
their meaning scheme for the use of antibiotics.

Behavior oriented

Experimenting through scientific-based inquiry meth-
ods for problem solving could help GPs devel op criti-
cal thinking and adapt to changing contexts and new
challenges.

Behavior modeling could engage GPs in practicing
their skillsfor the desired behavior of the rational use
of antibiotics.

Multiple practices could enhance a GP's rational use
of antibiotics behavior.

Action reflecting could help GPs apply their current
experiences of solving problemsin clinical practiceto
future problems.

GPs can role-play as patients for one another and use MARE tracking to
experience how patients may feel or change during the treatment process.

GPs will be encouraged to tell stories related to the situation being ad-
dressed by MARE or add as new cases within MARE.

After learning with MARE, GPs examine or discuss with peers how they
feel about the learning experience.

GPs assess assumptions about what determines or guides prescribing an-
tibiotics within their value systems. Disorienting dilemmas should be de-
signed to define problem processes that provide an opportunity for GPs
to reflect on MARE.

GPs can observe antimicrobial therapy dynamic change processes, which
simulate ademonstration of the complex interrel ationship between patient,
microorganisms, and antimicrobial drugs through MARE.

GPs can analyze well-designed case descriptions of misused antibiotics
on MARE and offer solutions and recommendations related to a concrete
situation or problem they might meet in thereal clinical environment.

GPs compare their own problem-solving process with expert modeling or
othersin MARE to examine their strategies for appropriate use of antibi-
otics.

GPsfollows the guidelines, posters, or cue cards for the rational use of
antibioticsin MARE to build their cognitive ability, asdescribed in Tables
1-4.

GPs have an equal opportunity to participate in arational discourse with
achallenging incident or controversial statement about the use of antibi-
otics, which was designed in MARE.

GPswriteablog with MARE to record their ideas, thoughts, and feelings
about the eventsthey have observed, in order to learn and gain experience.

GPs examine past experiences of their persona paradigms with the use
of antibiotics and compare them to the content of guidelinesfor therational
use of antibiotics and/or engage in comparative discourse with others
through MARE.

GPsuse MARE in the experimentation mode, whichillustrates phenomena
and variables of typical cases involving the use of antibiotics, in order to
test their ideas, gather data, and distill the results.

GPs participatein interactions with the model, which simulates the desired
behavior for therational use of antibioticson MARE to help GPs practice
and master their skills.

GPs participatein planned exercises that use scaffolds and combine differ-
ent real conditions to practice what the GPs learnin MARE.

GPsthink about the problem and the solutionsinvolving the use of antibi-
otics when they meet in practice. This reflection-in-action or reflection-
on-action could be reinforced with MARE.

3The table content was devel oped using various sources [54-56].
bGeneral practioners (GPs).
®Mobile augmented reality education (MARE).
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Discussion

Principal Findings

AR, aswell asmany other information technol ogies, is expected
to help the reform of health professiona learning. AR is a
promising technology that can amend curricula rigidity,
traditional pedagogy, and adaptation to local contextsin health
education [57]. AR has shown its potential as a learning
technology in health care education, but most AR systems are
still used in traditional pedagogies[4], just like online learning
did when it wasfirst introduced.

Effective application of technology in education practice
requires profound understanding of the potential of technologies
and the specific disciplines, as well as appropriate learning
theory support [58]. The MARE framework through a CFAM
considers the characteristics of AR and the learning theory
supporting it, as well as the objective identification to guide
design. Thisfull view of MARE ishelpful for medical education
to improve professional development from knowledge to
practice. The three learning theories provide foundational
support from the different views of the relationship among
learning, practice, and environment. The outcome layer, which
analyzes different ability levels from knowledge to practice,
can possibly avoid “teaching pitched at the wrong level” [30],
andit can alsofill the gap between teaching and clinical practice
needs. Moreover, AR is a potential tool to help health care
educators fill the gap between teaching and clinical practice,
especially through guidance by theoriesto achievetheaim. The
MARE framework meets clinical teaching goals listed in the
Association for Medical Education in Europe (AMEE) Guides
that apply relevant educational theoriesto guideclinical teaching
in the hospital setting [29].

Limitations

Thisis the first AR framework based on learning theory with
clear objectives for guiding the design, development, and
application of mobile AR in medical education. To date, there
is no standard methodology for designing an AR framework.
MARE uses a CFAM, which is based on atheory that provides
systematic understanding of the multidisciplinary, complex
relationship from knowledge to practice in medical education.
However, thisMARE framework created through a CFAM from
multidisciplinary publications and reference materials must be
tested in practice.

Validation of the framework was suggested by Jabareen [24],
but he did not give amethod for how to validate it. We checked
the internal validity by involving authors from different
disciplines and perspectives to reduce the bias. We also used
thisframework for analysisof, and applicationin, GPS' rational
use of antibiotics. However, since thisis a general framework
for guiding the design, development, and application of AR in
medical education, external validity, which is transferable in
qualitative research, must be further tested with users and with
the next step to develop an AR app. In addition, a number of
experts such as instructional designers, AR developers, GPs,
medical educators, visual designers, information and
communications technology (ICT) specialists, and interaction
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designers are needed to further design, improve, and test the
framework.

Comparison With Prior Work

The MARE framework is a general instructional design
framework that addresses functional conceptualism by
explaining and predicting theory with a multidisciplinary
perspective [6,59]. Similarly, the general instructional design
framework has been used to design e-learning and simulation
training frameworks. Situation learning theory was used to guide
the design of the learning environment and learning activities
for an instructional design model, and transformative learning
theory was used to build an elearning framework [54].
Identifying the learning aim is important for a framework that
uses the design process in electrical engineering as a model
[60]. Edelson developed a framework with principles and
learning activities from the inquiry-based cycle [61]. Distinct
from these frameworks, the MARE framework triesto meet al
components of functional conceptualism: goal, vaues, functions,
and situations. Learning theories are the foundation of the
MARE supporting values. Their selection corresponds to the
characteristics of AR and GP learning outcomes. Clarifying the
learning goal is the important first step in MARE instructional
design. Learning activities are manipulable variables within
learning environments. Activities are suggested from learning
theories to achieve learning outcomes. Learning activities are
described along with the situations for guiding when and how
to apply them in the MARE framework.

Implications and Future Work

The proposed MARE design framework addresses the lack of
theory for guiding the design, devel opment, and application of
AR to improve GPs' rational use of antibiotics. Understanding
the theory behind this framework could benefit instructional
designers, AR developers, and GP professionals when they
apply the recommendations and could ultimately lead to further
development of this framework and its practical use.

Thefirstimplication of MARE for AR designersishow to apply
learning theories and learning outcomes to guide AR
instructional design. Situated learning theory, experiential
learning theory, and transformative |earning theory share some
views, but each has unique emphases. The learning activities
from which the learning theories are based are effective
substitutes for traditional medical instruction in AR
environments. The fundamental change in pedagogical
philosophy isbetter than the tinkering with “interactivity” levels
by instructional designers to support deeper, richer levels of
learning [54]. The learning outcome framework (Figure 2),
which combines Miller’s pyramid of clinical assessment and
Bloom’s taxonomy of learning aims, avoids assessment that
rests on low ability. AR designers may use the learning
outcomes, which are explained in Tables 1-4, to analyzeaGP's
personal paradigm and to design their AR program. The
effectiveness of the strategies and the appropriateness of the
goals require further evaluation and refinement.

The second implication of MARE for an AR developer is the
function framework. It may help devel opers understand how to
create mixed environments for learning, not just for

JMIR Medical Education 2015 | vol. 1 |iss. 2 [e10 | p.85
(page number not for citation purposes)


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

JMIR MEDICAL EDUCATION

technology-driven infotainment. Different environments offer
different learning functions. AR developers may use the list of
teaching activities shown with the MARE framework as
guidance when they consider how to develop AR functions. In
terms of the learning objective, learning environment, learning
activities, GP personal paradigm, and therapeutic process, AR
developers may think about how to build interactive models
and interactive levels between MARE and GPs in different
environments. Thelearning materialsin different environments
must be designed and devel oped.

Another implication of MARE for GP educators and researchers
is the new technology and learning activity supported by
learning theory, which corresponds to technology characters.
GP educators and researchers may integrate it in their
instructional practice. They can use the list of broader
opportunities of MARE outcomes to compare with their
students’ learning needsto design an app. Theframework could
be used to guide other drug or therapeutic intervention
education.

Conclusions

Due to the traditional teaching focus on recalling facts, health
care professional sface the challenge of transforming knowledge
into practice in health care settings. AR could provide ameans
to resolve this challenge, but it lacked a theory-guided design.
Most AR apps still use traditional learning activities—see one,
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do one, teach one—in medical education, which hinders its
educational function.

This paper has described a framework for guiding the design,
development, and application of MARE to health care education.
This includes consideration of afoundation, a function, and a
series of outcomes. The foundation based upon three learning
theories enhances the rel ationshi p between practice and learning.
The function constituted by suggested learning activities and
the requirements of the learning environment from the
foundation and AR characteristics can amend the gap in the
learning outcomes and medical learners persona paradigms.
The learning outcome, which combines Miller’'s pyramid and
Bloom’s taxonomy, can clarify the objectives and expectations
and avoid teaching pitched at the wrong level [29].

Furthermore, we used a global health challenge—antibiotic
resi stance—as an application example and chose oneimportant
aspect that isthe general practitioners' rational use of antibiotics,
to which to apply the MARE framework. With thisframework,
the expected abilities of GPs' rational use of antibiotics are
described specifically and may easily be executed and evaluated.
The abilities were compared with the GP personal paradigm to
solidify GP practical learning objectives and to help design
learning environments and activities. Future work will focus
on theimplementation of the proposed framework by developing
a mobile phone-based AR app for GP training and for
conducting evaluationsin China.
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Abstract

Background: Residency programsface many challengesin educating learners. The millennial generation’slearning preferences
also force us to reconsider how to reach physiciansin training. Social mediais emerging as a viable tool for advancing curricula
in graduate medical education.

Objective: The authors sought to understand how social media enhances a residency program’s educational mission.

Methods: While chief residents in the 2013-2014 academic year, two of the authors (PB, AN) maintained a Twitter feed for
their academic internal medicine residency program. Participants included the chief residents and categorical internal medicine
house staff.

Results: At the year's end, the authors surveyed residents about uses and attitudes toward this initiative. Residents generally
found the chief residents’ tweets informative, and most residents (42/61, 69%) agreed that Twitter enhanced their overall education
in residency.

Conclusions: Datafrom this single-site intervention corroborate that Twitter can strengthen aresidency program'’s educational
mission. The program'’s robust following on Twitter outside of the home program also suggests a need for wider adoption of
social mediain graduate medical education. Improved use of dataanalytics and dissemination of these practicesto other programs
would lend additional insight into social media’s role in improving residents' educational experiences.

(JMIR Medical Education 2015;1(2):€5) doi:10.2196/mededu.4434

KEYWORDS
social media; medical education; Twitter messaging; Internet/ethics

: experiencesand may favor technology-driven learning platforms
Introduction [1]?0irl'hevast mau'ofil{y of millenmisucesocia mediagpzrsonally
The current learning environment for internal medicine @d professionaly, often accessing sites multiple times daily
residency contains potential obstacles to learning: duty hour [2]:Asreﬁdentsface|ncreas ng compgtltlon for thewaItent!on,
restrictions, training a multiple sites, increasingly complex  'esidency programs need to reconsider how they defiver
patients, and pressures for clinical productivity and timely educational offerings and reach trainees. SQC|aI medlaoffersa
discharge. Moreover, our trainees have evolved:; the so-called  "OVel @pproach to keep contemporary residents informed, to
millennial generation may require more interactive learning  diSSeminate teaching materials, and to interact with learners.
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We tested the use of a novel social media
initiative—specifically, a Twitter feed—to enhance the
education of our residents and the mission of our internal
medicine residency program. A recent systematic review
explored the role of social mediain medical education; results
of social media initiatives were largely mixed [3]. These
initiatives resulted in increased feedback to learners and more
learner satisfaction, but had equivocal effects on knowledge
promotion [3]. The majority of these studies examined medical
students; thus, few compelling data exist on the use of social
media as a teaching tool in residency education, making this
arearipe for testing and evaluation.

To our knowledge, no residency program has reported on its
experience or outcomes in using social media to advance the
program’s educational mission. Herein we describe our
implementation strategy for using Twitter and report on its
reception among residents. We specifically sought to understand
Twitter'svalue as an extension of our teaching conferences and
as amore general educational resource for residents.

Methods

Overview

We conducted our educational intervention in a single internal
medicine residency program at an academic medical center over
one academic year. The intervention was led by the chief
residents, and residents voluntarily participated on Twitter at
their convenience.

Our program includes 95 categorical residents. During the
intervention, our residents rotated through three hospitals on

Table 1. Brief glossary of Twitter terminology.

Bergl et a

two campuses. This project represents a pilot curricular
innovation. Regarding ethical approval, we have obtained
Ingtitutional Review Board (IRB) exemption for this study.
Logistics

We selected Twitter for our platform based on its efficiency,
propensity for publicity, its rapid growth, and its novelty. First,
awsdll-curated Twitter feed can offer succinct, timely educational
material for busy residents, including program-specific
announcements, educational materials, and discussion points
on thelatest medical headlines. Next, because websites are static
and require active maintenance, they do not promote learner
engagement or the interactivity that Twitter offers. Finaly, a
Twitter feed improves the visibility of a program’s academic
activities, including publicly highlighting the quality and
diversity of teaching conferences. We could also promote
residents’ publications, research posters, teaching awards, and
community service work. This publicity may also represent a
powerful recruitment tool. Table 1 shows a brief glossary of
Twitter terminology.

We launched our @Medchiefs Twitter account in July 2013
whiletwo of the authors (PB, AN) served as chief residents and
the third author (VA) served as associate program director for
the University of Chicago Internal M edicine Residency Program.
Only the chief residents had the account’s password. We linked
our Twitter account to Facebook, and thus all of our tweetswere
also simultaneously broadcasted to our followers Facebook
feeds. We a so embedded the Twitter feed directly into our chief
residents website [4]. Because our website hosts our conference
calendar, resident team schedules, vital administrative policies,
and service rules, most residents access the site at least daily.

Term Meaning

@Username Designation of a Twitter user; usernames always preceded by an @ sign

Tweet Noun: A message consisting of 140 charactersthat is publicly displayed on the user'stimeline
Verb: To post a brief message on one's own timeline

Retweet Verb: To repost another user's message verbatim to one's own timeline

Timeline The running feed of messages posted or retweeted

Followers The group of other users who has voluntary elected to follow one's own timeline

Hashtag Designation of an indexed keyword; a searchable term or topic on Twitter

Timelnvested in Twitter

We estimate that the chief residents dedicated 30 to 60 minutes
daily to actively maintaining our feed. This time included
reviewing other users' posts, messaging followers, and queueing
up tweetsfor later dissemination. Additionally, we often tweeted
in real time during conferences, such as weekly Department of
Medicine Grand Rounds.

Establishing or Using Hashtags

By searching specific “ hashtags,” Twitter users can quickly find
tweets or userswithin specific areas of interest. When possible,
we applied hashtagsto conference tweets such as#grandrounds.
After reaching out to other programs on Twitter and reviewing
hashtag trends, we settled on the nascent #AMReport to

http://mededu.jmir.org/2015/2/e5/

designate tweets from our internal medicine morning report.
We also created a program-specific hashtag, #UCIMR, to
encourage our residents to reference our program online.

Types of Tweetsand Their Purposes

We loosely adhered to our own “rule of thirds” when tweeting;
a balanced number of tweets pertained to resident education,
recognition of our program’s academic activities, and outward
promotion.

Tweets about our morning report constituted the greatest number
of indexed tweets; atotal of 31% of our tweets related to the
morning report conference. Tweets were used to broadcast
teaching points from our morning report and summarize key
features of the case.
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In addition, tweets from teaching conferenceslinked to relevant
medical literature discussed, and occasionaly shared,
educational radiographs, computerized tomography (CT) scans,
or pathology slides from interesting cases. Any patient-related
materials that were shared were stripped of all identifiers to
avoid Health Insurance Portability and Accountability Act
(HIPAA) violations.

Because resident-prepared morning report caseswere reviewed
by chief residentsin advance, “tweetable” teaching pointswere
prescheduled for broadcasting during the conference via
Hootsuite, a third-party social media application. Using this
approach prevented chief residentsfrom being distracted during
the conference and al so offered the opportunity to reflect on the
most val uabl e teaching points for each case.

We also tweeted relevant news for our residents by
discriminating which medical headlines would apply most to
our residents. In addition, we highlighted institution-specific
accomplishments and examples of our faculty physiciansbeing
recognized in national and global forums.

Advancing House Officer Recruitment

We recognized that our Twitter feed might also buttress our
recruitment efforts. By having applicants follow us during the
recruitment season, we could continually highlight our robust
academic activities and dedication to resident education. As
such, during the 2013-2014 interview season, we distributed
flyers promoting our Twitter feed to al applicants on their
interview day.

Survey of Residents

At the end of the 2013-2014 academic year, we conducted a
brief 14-item survey on our residents’ use patterns with our
Twitter account. Our survey asked residents how frequently
they viewed the Twitter feed, how informative they found
tweets, and how valuable they found the intervention. Our IRB
determined this survey-based study to be exempt.

Online Audience

Both Twitter and third-party companies Hootsuite and Simply
Measured provide a number of metrics on followers and online

http://mededu.jmir.org/2015/2/e5/
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activities. These metrics include online influence of followers,
approximate locations of followers, and popularity of individual
tweets. This online data was retrieved on July 23, 2014,
approximately one year after the inception of our account.

Results

In our first year, we amassed a following of more than 1000
Twitter users; we grew our global following by 3 users per day.
At the end of the 2013-2014 academic year, we identified at
least 27.1% (35/129) of our current residents, preliminary
interns, and chief residents among our Twitter followers. We
also published over 1000 tweets, or about 3 tweets per day. Our
messages generated atotal of 782 retweets.

The largest segment of our followers consists of health
professional s as evidenced by the four most common keywords
in our followers profiles: medicine, medical, health, and
physician. Only 35% of our 1091 followers access Twitter from
our program’s time zone; this data suggests that most our
followers have no formal connection to our home institution.

Our survey on attitudes and use of the Twitter feed was
completed by 61 of 95 of our categorical medicine residents
(64% response rate). Of 61 responding residents, 33 (54%)
residents reported having a Twitter account. However, the
majority of our residents (36/61, 59%) reported using Facebook
or our website as their preferred way of accessing our Twitter
feed. Most residents (47/58, 81%) reported reading our tweets
at least once per week, but only 11% (7/61) of our residents
accessed the feed daily. The majority of our respondents (42/61,
69%) agreed that our Twitter feed enhanced their education in
residency.

Tweets about our morning report were well received with 84%
(51/61) of our residents reporting morning report tweets as
occasionally or often informative. Most residents (43/61, 70%)
agreed that our morning tweets captured the major teaching
points. Interestingly, our tweets about medical news and the
latest literature garnered greater interest, with 87% (53/61) of
our residents finding these tweets informative.

Additional survey data on our intervention isfound in Table 2.
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Table 2. Survey of categorical medicine residents regarding Twitter use and its roles in advancing the educational mission (n=61).

Survey item n (%)
Reported having personal Twitter account (number of respondents) 33(54)
Twitter feed's contribution to educational mission
Role of Twitter (number in agreement)
Helps residents remember teaching points from the morning report 39 (64)
Captures the major teaching points from the morning report 43 (70)
Makes residents feel less removed from the residency program during external rotations (off-campus hospital, emergency 38 (62)
ward, etc)
Enhances overall education in residency 42 (69)
Category of tweets (number that rated tweets as infor mative)
Morning report 51 (84)
Genera medical information 53 (87)
Grand rounds 44 (72)
Residents accomplishments, socia events, and other institution-specific information 49 (80)

Discussion

Principal Findings

Maintaining a residency-run Twitter feed appears to have
educational value both internally and externally. Our survey
data demonstrates that Twitter was a frequently accessed and
appreciated educationa resource for residents. Moreover, our
robust following outside of our home institution suggests a
greater need for resident-directed educational resourcesin social
media.

Though maintaining a Twitter feed requires an additional
investment of a chief resident’stime, we believe social media's
strengths in reaching learners justify the effort. Although the
educational cornerstone of our residency program hasbeen live
teaching conferences, residents have competing priorities that
limit attendance. For example, in 2013-2014, our average
resident was present for only 48% of conferences they were
eligible to attend (excluding post-call days, clinic days, and
days off). Giving residents an alternate means of receiving
educational material thus represents an important service.

We opted for voluntary participation in our intervention for at
least two practical reasons. Most importantly, we wanted to
respect residents’ limited time. Additionally, we wanted to use
Twitter as an adjunct to—and not a substitute for—our more
traditional educational offerings. We felt that compulsory
participation could potentially detract from participation in other
valuable and mandatory curricula including live conferences
and Web-based learning modul es.

Our work has some important limitations. Most notably, this
intervention occurred at a single site in a single residency
program; thus, our results may not be generalizableto all types
of medical education settings. Additionally, we did not directly
compare Twitter to other educational interventions and thus
cannot comment on social media’s relative value in supporting
our program’s curricula. Our survey data also relies on
self-report of frequency of use rather than actual quantification

http://mededu.jmir.org/2015/2/e5/

of use. Finally, we did not directly examine Twitter’s ability to
promote knowledge acquisition and retention.

Professionalism and L egal Concerns

Concerns about professional boundaries and patient privacy
might deter residency programsfrom engaging in social media.
Fortunately, guidelines on professional use of social mediacan
be found in a position paper by the American College of
Physicians and the Federation of the American Colleges [5],
and other tools for understanding professionalism issues are
available in the Association of American Medical Colleges
(AAMC) digital literacy toolkit [6]. Many institutions also have
their own social media policy. Generally, such guidelines
emphasize the sanctity of patient privacy. Experts recommend
a“pause before posting” approach when using social media; a
brief reflection on a message's appropriateness often serves as
an adeguate checkpoint. These general rules of engagement
provide an excellent framework for managing a residency
program feed.

As program leaders, chief residents are well positioned to role
model the use of social mediaand understand the responsibility
and care required to manage a medium prone to misconduct.
For example, while we occasionally posted interesting images
from case conferences or teaching services, all images were
completely deidentified and posted asynchronously to the
patient’s hospitalization. Likewise, when tweeting educational
materials and original articles from journals, we maintained
compliance with fair use by sharing only small parts of
published works.

Future Work

To develop a better understanding of the impact of our
program’s Twitter account, we would like to expand the use of
data analytics in the coming academic years. Tools embedded
in Twitter or offered by third parties allow for meaningful data
extraction including the times of day that followers interface
with our account and the popularity of specific tweets. These
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data may better inform future programs on how to best use
social mediato reach residents.

Analysisof tweets by hashtags would provide additional insight
on the content and potential uses of Twitter in resident
education. Hashtags likely represent the easiest way to
standardize tweets across residency programs. Though other
authors have recently analyzed the use of academic
conference-specific hashtags on Twitter [ 7,8], we are not aware
of any analysis of hashtags used for regular resident teaching
conferences such as the interna medicine #AMReport.
Widespread adoption of specific hashtags like #AMReport

Acknowledgments
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would create a standardized tweet format and would facilitate
large-scal e data collection across multiple programs.

Conclusions

Although recent systematic reviews have relied on low-level
outcomes to assess social media’s role in medical education
and higher education [9], we believe this medium represents a
major frontier in education. We encourage other residency
programs to invest the time to maintain a Twitter feed. As our
data show, a program-run Twitter account can serve as a
meaningful educational tool for the millennial resident.
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Abstract

Background: Medical education has grown beyond the boundaries of the classroom, and social media is seen as the bridge
between informal and formal learning as it keeps students highly engaged with educational content outside the classroom.

Objective: The purpose of this study isto explore the perceptions of medical educators and medical students regarding the use
of social mediafor educational purposes.

Methods: Both groups (medical educators and students) were invited to take a survey. The surveys consisted of 29 questions,
including Likert-style, multiple choice, yes/no, ranking, and short answer questions. The survey forms and statistics were built
using Google Drive analytics with the free Spanning Stats module. To compare between professors and students, results were
exported to a Microsoft Office Excel spreadsheet (Microsoft Corp, Redmond, WA). The study protocol was approved by The
Ottawa Health Science Network Research Ethics Board (OHSN-REB:20140680-01H).

Results: The overall response rate to the survey was 40.9% (63/154) for students, and 36% (72/200) for medical educators. The
majority of educators (79%, 57/72) and students (100.0%, 63/63) had presence on social networking sites (SNSs). Only (33%
19/57) of educators used SNSs with their students, the most used sites were Facebook (52%, 10/19) and Twitter (47%, 9/19),
followed by LinkedIn (21%, 4/19), Google+ (16%, 3/19),YouTube (11%, 2/19), and blogs (11%, 2/19). Facebook (100%, 63/63),
YouTube (43%, 27/63), Twitter (31%, 20/63), and Instagram (30%, 19/63) were the sites most commonly used by students. The
educators used SNSs mainly to post opinions (86%, 49/57), share videos (81%, 46/57), chat (71%, 41/57), engage in medical
education (68%, 40/57), take surveys (24%, 14/57), and play games (5%, 3/57). On the other hand, students used SNSs mainly
to chat with friends (94%, 59/63), for medical education purposes (67%, 42/63), to share videos (62%, 39/63), to post opinions
(49%, 31/63), to take surveys (11%, 7/63), and to play games (6%, 4/63). Most educators (67%, 38/57) do not use social media
in their education Although most of the educators (89%, 17/19) and students (73%, 46/63) found the use of socia media
time-effective, that it offered an inviting atmosphere (89%, 17/19 and 70%, 44/63), and that it enhanced the learning experience
(95%, 18/19 and 70%, 44/63), both groups stated that they had colleagues who refused to use social media. The detractors
concerns included privacy issues (47%, 18/38), time-wasting (34%, 13/38), distraction (21%, 8/38), and that these media might
not be suitable for education (11%, 4/38). When it came to using SNSs with the students, the educators most often used SNSsto
post articles (42%, 8/19), explanatory comments (31%, 6/19), and videos (27%, 5/19).While students preferred the following
posts : Quizzes (87% 55/63), revision files (82% 52/63) and explanatory comments (29% 21/63).

Conclusions: Although social media continue to grow, some educators find that they do not offer suitable modes of learning.
However, it isimportant to acknowledge that there are persistent differencesin technol ogy adoption and use along gender, racial,
and socioeconomic lines; thisis often referred to asthe “digital divide”. The current study showsthat students prefer certain posts
like quizzes and revision files, while educators are focused on posting videos, articles, and explanatory comments. Medical
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educators are encouraged to focus on the students in away to minimize the gap between learners and educators. It will remain
our responsibility as educators to focuson the student, use SNSs at their fullest, and integrate them into traditional Web-based
management systems and into existingcurricula to best benefit the students.

(JMIR Medical Education 2015;1(2):e7) doi:10.2196/mededu.4908

KEYWORDS
social media; e-learning; innovations in medical education

Introduction

Information and communication technologies (ICTs) have
evolved tremendously over the last few decades, bringing with
them a new perspective on methods of teaching and learning.
Currently, social networks are used by millions of users, most
commonly adolescents, for a variety of purposes, such as
chatting, socializing, posting, and most interestingly, learning
[1,2]. Medical learning has grown beyond the boundaries of the
classroom and now social mediais seen as the bridge between
informal and formal learning as it keeps the students highly
engaged with educational content when not in the classroom

(3.

In recent years, new Web-based social media have been
portrayed as placing the learner at the centre of knowledge
networks by providing expertise that can potentially lead to new
forms of learning despite the fact that these media make no
educational promises. Educators have advocated integrating
Facebook, Ning, and other sites into kindergarten to grade 12
(K-12) academic life[4]. Advocates have a so promoted social
media use as part of a connectivist learning theory. This recent
move elevates social and communicative connections to the
level of an epistemic category central to learning processes. In
other words, social media learning empowers students [5,6].
This type of learning is characterized not only by greater
autonomy for the learner but also by changing roles for the
teacher; indeed, a collapse of the distinction between teacher
and student altogether isindicative of connectivist learning [6].

Many teachers have adopted an everyday practice of
incorporating digital technologies in the classroom and
extending learning beyond the traditional boundaries of the
institution. The rapid advance of technology isdriving educators
to implement tools they may have only recently learned. Most
college age students, otherwise known as digital natives,
Generation Y (Gen Y), Net Generation (Net Gen), and
Millennials [7] are far ahead of teachers in technology usage
and they are demanding that technology be used within the
classroom. This younger generation of students has spent their
entire lives surrounded by and using computers, video games,
digital music players, video cameras, mobile phones, and all
the other toys and tools of the digital age [8].

Incorporating digital technology into everyday study has
changed not just the teacher’s role but also the way students
learn [9]. Now students can assume more responsibility for their
own learning, access a vast pool of knowledge, and learn
anywhere at their own pace. Aswell, they can share knowledge
and experiences, communicate with their peers and teachers,
and enhance their learning experiences.

http://mededu.jmir.org/2015/2/e7/

Expertsin any field are more accessible than ever before, thanks
to social media. They share their ideas and experiences in
videos, articles, and so on. Thus, even beforefirst encountering
students, teachers can provide an insight into the professional
world and prepare students for their studies. Students get the
chance to "meet" their professors and their classmates even
before arriving on campus.

One of the mgjor advantages of social mediatoolsisthe creation
of community. Sociad media fosters communication,
engagement, and collaboration [10-12]. A community can be
created locally for aparticular class, university, or it can extend
beyond a single campus using a virtua world, such as Second
Life [12]. This way of communication is well-suited for the
lives of college-age students, Millennials who were born in the
technology age and who are very technology savvy, despitethe
debate that using technol ogy does not necessarily mean that the
user understands technology [13].

However, with the growing amount of time that youth are
spending on social networking sites (SNSs), do educators
consider these sites to be of educational value? The purpose of
thisstudy isto compare the use of social mediaas an educational
tool by medical students versus medical educators.

Methods

Overview

Theinfrastructure of the Faculty of Medicine at the University
of Ottawais designed to allow free WiFi Internet access for all
employees and students anywhere on the campus. At the
University of Ottawa, online support for courses includes
teaching materials that are available through a learning
management system. The study protocol was approved by The
Ottawa Health Science Network Research Ethics Board
(OHSN-REB: 20140680-01H).

Recruitment

Professors of different medical specialties (N=200) and second
year medical students (N=154) were surveyed regarding their
use of SNSsasan extracurricular way of enhancing thelearning
experience. Survey questionswere based on the current literature
[14-17] and optimized with input from faculty and medical
student focus groups.

Study Structure and Statistical Analysis

The surveys consisted of 29 questions including Likert-style,
multiple choice, yes/no, ranking, and short answer questions.
The survey forms and statistics were built using Google Drive
analytics with the free Spanning Stats module.
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The survey questions were divided into the following sections,
each of which approached a concern about professors and
students' use of social media (1) social media presence, (2)
purpose of social media use, (3) frequency of socia media
access, (4) the devices used for socia media access, and (5)
perceptions of social media use in education.

The frequency of social media use was the number of timesthe
user accessed SNSsin agiven hour, day, week, or month. With
respect to the medium of social media access, |aptop, desktop,
mobile phone, and tablet were the devices listed. Medical

Textbox 1. Statements rated on a Likert scale.

El Bialy & Jdldli

educators and students were asked about their reasonsfor using
social media in general and for educational purposes in
particular. Respondents opinion about using social media in
education were tested by asking them to rate on a Likert scale,
ranging from strongly disagree to strongly agree (Textbox 1).

In addition, participants were asked about their concerns with
using social media in education. To compare professors and
students, results were exported to a Microsoft Office Excel
spreadsheet (Microsoft Corp, Redmond, WA).

Statement

1. Social mediacan be used as a suitable learning environment.

2. Socia mediasites are more accessible than other ways of communication.
3. | amaware of privacy settings that limit access to personal information.
4

Social media provide an inviting atmosphere that encourages me to participate.

Results

The overall response rate to the survey was 40.9% (63/154) for
students and 36.0% (72/200) for medical educators.

Medical Educators

Of themedical educatorswho participated, most wereclinicians
(52%, 37/72), full-time professors (26%, 19/72), part-time

professors (13%, 9/72), and others (10%, 7/72) (eg, teaching
assistants and sessional lecturers), and the majority dedicated
more than 100 hours per year to their teaching (55%, 40/72).
Some participants (21%, 15/72) did not have a presence on any
SNSs; among those who did, the most frequently used sites
were Facebook (61%, 35/57), LinkedIn (47%, 27/57), Twitter
(46%, 26/57), Google+ (30%, 17/57), and YouTube (22%,
12/57), followed by other sites including Pinterest, Instagram,
and Tumblr (Table 1).

Table 1. Students and medical educators social networking sites (SNSs) use by type of media.

SNSs Users, n (%)
Medical students (n=63) Medical educators (n=57)

Facebook 63 (100%) 35 (61%)
YouTube 27 (43%) 12 (22%)
Twitter 20 (31%) 26 (46%)
Linkedin 13 (21%) 27 (47%)
Instagram 19 (30%) 5 (8%)
Pinterest 11 (18%) 10 (18%)
Google+ 8 (13%) 17 (30%)
Reddit 5 (8%) 1 (2%)
Tumblr 4 (6%) 1 (2%)

The educators used SNSs mainly to post opinions (86%, 49/57),
sharevideos (81%, 46/57), chat (71%, 41/57), engagein medical
education (68%, 40/57), take surveys (24%, 14/57), and play
games (5%, 3/57) (Table 2). Most educators (67%, 38/57) did
not use social mediain their education. They expressed concerns

http://mededu.jmir.org/2015/2/e7/

such as privacy issues (47%, 18/38), time-wasting (34%, 13/38),
distraction (21%, 8/38), and that these media might not be
suitable for education (11%, 4/38). Some educators even
mentioned that they were unaware of social media use in
education (29%, 11/38).
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Table 2. Students and medical educators use of social networking sites (SNSs).

Uses of SNS Users, n (%)
Medical students (n=63) Medical educators (n=57)

Medical education 42 (67%) 13 (23%)

Play games 4 (6%) 3 (5%)

Chat 59 (94%) 45 (71%)

Share videos 39 (62%) 40 (70%)

Post opinions 31 (49%) 54 (95%)

Take a survey 7 (11%) 15 (26 %)

Of the educators who used SNSs with their students, the most
used siteswere Facebook (52%, 10/19) and Twitter (47%, 9/19),
followed by Linkedin (21%, 4/19), Googlet+ (16%, 3/19),
YouTube (11%, 2/19), and blogs (11%, 2/19). About 32% (6/
19) of educators logged into their accounts daily, 21% (4/19)
logged in a few times per week, 5% (1/19) logged in weekly,
and another 5% (1/19) logged in afew times per month. Finally,
21% (4/19) logged in only once per month and 16% (3/19)
rarely logged into their accounts (Table 3).

When it came to using SNSs with the students, the educators
most often used SNSsto post articles (42%, 8/19), explanatory

comments (31%, 6/19), and videos (27%, 5/19). Others used
SNSs to post lecture comments (31%, 6/19), book
recommendations (31%, 6/19), revision files (21%, 4/19),
quizzes (8%, 3/19), and course related humor (16%, 3/19). Most
participants (95%, 18/19) would recommend SNSs to their
colleagues, and 80% (15/19) found social media to be more
accessi blethan other ways of communication. Strong majorities
also considered social mediato betime effective (89%, 17/19),
inviting (89%, 17/19), and an improvement in the learning
experience (95%, 18/19). In addition, 79% (15/19) of
participants stated that they had colleagues who refuse to use
social mediafor educational purposes.

Table 3. Students and medical educators' frequency of logging into social networking sites (SNSs).

Freguency of logging into SNSs Users, n (%)

Medical students (n=63)

Medical educators (n=19)

Lost count 21 (33%)
Few times aday 32 (51%)
Every hour 5 (8%)
Few times per hour 5 (8%)

Daily

Few times per week
Once per month

Few times per month

Rarely

6 (32%)
4 (21%)
4 (21%)
1.(5%)

3 (16%)

Medical Students

All of the students (100%, 63/63) had presence on SNSs. The
most common used sites were Facebook (100%, 63/63),
YouTube (43%, 27/63), Twitter (31%, 20/63), and Instagram
(30%, 19/63). Other social networking sitesfollowed, as shown
in Table 1.

The students used SNSs mainly to chat with friends (94%,
59/63), for medical education purposes (67%, 42/63), to share
videos (62%, 39/63), to post opinions (49%, 31/63), to take
surveys (11%, 7/63), and to play games (6%, 4/63) (Table 2).

The devices that students used to access their accounts were
laptops (94%, 59/63), followed by mobile phones (70%, 44/63),
tablets (33%, 21/63), and desktops (11%, 7/63). With respect
to the frequency of social mediaaccess, 51% (32/63) of students

http://mededu.jmir.org/2015/2/e7/

logged into their accounts afew times per day and 33% (21/63)
stated that they received push notifications, as the account is
always running on their mobile devices. Another 8% (5/63)
logged into their accounts daily and 8% (5/63) a few times a
day (Table 3).

Thetypes of educational poststhat students preferred are shown
in Table4. Most students (77%, 50/63) would recommend SNSs
totheir peersand 62% (39/63) stated that they have friendswho
refuse to use these sites mainly because of distractions; privacy
issueswere not the main concern as 88% (55/63) of the students
stated that they knew how to adjust privacy settings. Most
students (73%, 46/63) found social mediato be atime-effective
way of communication and 70% (44/63) found it an inviting
atmosphere that improved their learning experience. However,
68% (43/63) of students stated that no other professor used
social media asaway of communication with their students.
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Table 4. Students preferred types of educational posts (n=63).

El Bialy & Jdldli

Type of post n (%)

Quizzes 55 (87%)

Revision files 52 (82%)

Explanatory comments 21 (29%)

Post-lecture questions 14 (22%)

Course-related humor 14 (22%)

Book/article recommendations 14 (22%)

Videos 9 (14%)
Discussion blogs, and Wikis during classtime. It was also found that ol der

Principal Findings
According to Coates.

Blended learning, integrating a variety of media to

deliver teaching material to students is used by

universities all over the world. It is associated with

the use of Web tools such as email, podcasts, blogs,

discussion boards, and a university learning

management system. [ 18]
These systems provide a Web presence for course instructors
to manage the course materia [18]. They also have the
advantages of being student-centered, focused on the course
material, no distractors, and no privacy issues. “No matter how
those systems are devel oped to manage processes such as exams,
assignments, course descriptions, and basic course material,
they are not well-suited to some other activities such as
problem-based learning” [19]. In addition, they lack the element
of social connectivity which today’s students are familiar with
[20].

The emergence of SNSs has raised questions about whether we
should confine ourselves to course-integrated learning
management systems or whether we should go where the
students are. Educators do not want to integrate these toolsinto
their curriculum just for the sake of technology [21]. However,
today’s college-age students are the first generation to grow up
with the Internet; they do not remember atime when it did not
exist. They are technologically savvy and dependent upon the
Internet. Therefore, educators must reach out and engage these
students with social media and even join their communities or
create similar ones [22,23].

The current study shows that there is a controversy about
whether to use SNSsin general and in education. While 100%
(63/63) of students had a presence on SNSs, only 79% (57/72)
of medical educatorswere members of those sitesand only 33%
(19/57) used them with their students. These results are in
accordance with the results of asurvey conducted by the Babson
Survey Research Group in collaboration with New Marketing
Labs and the education-consulting group Pearson Learning
Solutions. The survey was drawn from almost 1000 college and
university faculty nationwide and found that more than 80% of
professors used social mediain some capacity. The survey noted
that 30% of educators used social networks to communicate
with students and more than 52% used online videos, podcasts,

http://mededu.jmir.org/2015/2/e7/

faculty used socia media at amost the same level as their
younger peers[24] which contradicts our result that 67% (38/57)
of medical educators who did not use SNSs in their teaching
werein the older age group (age >50). Rank al so subsumes age
differences that exist among faculty; older people normally
occupy the rank of associate or full professors. O’ Shea [25]
arguesthat the distinctionsfor adopting technol ogiesare blurring
the traditional dichotomies which now are best characterized
as 5 groups of innovators, early adopters, early majority, late
majority, and laggards. Indeed, one study found that age was a
poor predictor of social media usage within aresearch context
[26].

The use of social mediais, however, increasing rapidly in the
classroom [27]. Our study showsthat Facebook, Linkedin, and
Twitter are the most popular sites for medical educators while
for students, Facebook, YouTube and Twitter were the top 3
sites (Table 1). Educators used those sites mainly to post
opinions, sharevideos, chat, and for medical education purposes,
and students mainly used them to chat, for medical education
purposes, to share videos, post an opinion, take a survey, or to
play games (Table 2). For the 33% (19/57) of medical educators
who used social mediawith their students, Facebook, Linkedin,
and Twitter were again the top 3 sites and they were mainly
used to post articles, videos, and explanatory comments.
Students, however, preferred the quizzes and the revision files.

There are several reasons that educators at the University of
Ottawawerein favor of using SNSswith their studentsincluding
(2) the ease of accessibility and connectivity with students, (2)
the ease of disseminating information and accessing different
audiences, (3) time flexibility and virtuality, (4) interactivity,
(5) students' reliable use of these sites, and (6) the ability to use
the same materia repeatedly.

The reasons students favor SNSsincluded (1) interactionswith
colleagues (asking/answering questions), (2) sharing resources,
(3) accessihility, (4) post-lecture questions, (5) the ability to
review quizzes before exams, and (6) the ease of tracking
information.

Although most of the participants (medical educators and
students) would recommend social media to their colleagues,
the majority had colleagues who refuse to use SNSs for
educational purposes. These colleagueswere mainly concerned
about privacy issues, distractions, and wasting time.
Interestingly, some of the educators stated that they did not even
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know about social mediausefor educational purposes. Cheston
et a [28] stated that social media tools can be used safely in
medical education settings and that their use may have apositive
impact on learner outcomes.

Theresults of the present study arein agreement with the results
of Chen et a [29] who found that the use of social mediain
teaching is relatively scarce. Despite the limited use of socia
media in the academic world, research has supported the
connectivism theory and found benefits of using social media
if thetechnology isadapted for teaching [30,31]. Most faculties
agree that the interactive nature of social media technologies
create better learning environments and increase the
communication with peers and students. However, concerns
remain about distraction and privacy issues.

Our results contradict the results of Moran et al [32], who found
that 90% of faculties used social mediain courses they taught.
Nearly two-thirds of all facultiesinthe Moran study used social
media during a class session and 30% had posted content for
students to view or read outside of class. Over 40% of faculty
required studentsto read or view social mediaas part of acourse
assignment and 20% had assigned students to comment on or
post to social media sites.

El Bialy & Jdldli

These findings demonstrate that SNSsare growing and are here
to stay. However, it isimportant to acknowledge that there are
persistent differences in social media use along gender, racial,
and socioeconomic lines; the so-called digital divide [33], and
those parameters need to be further explored.

Conclusions

Today's students grew up with the Internet and they don't
remember a time where it did not exist. They are
communicating, learning, and adapting to the world via this
relatively new way of communication. Although social media
continue to grow, some educators find that they do not offer a
suitable mode of learning. However, the current study shows
that students prefer certain postslike quizzes and revision files,
while educators are focused on posting videos, articles, and
explanatory comments. Medical educators are encouraged to
triage the students at the beginning of the semester and find out
what their preferences are and focus on them in a way to
minimize the gap between learners and educators.

Despiteall the criticism, social mediahave the potential to build
interactivity, engagement, and collaboration. It will remain our
responsibility as educatorsto focus on the student, use SNSs at
their fullest, and integrate them into traditional Web-based
management systems and into existing curriculato best benefit
the students.
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Abstract

Background: Massive open online courses (MOOCS) have been criticized for focusing on presentation of short video clip
lectures and asking theoretical multiple-choice questions. A potential way of vitalizing these educational activitiesin the health
sciencesis to introduce virtual patients. Experiences from such extensions in MOOCs have not previously been reported in the
literature.

Objective: This study analyzes technical challenges and solutions for offering virtual patients in health-related MOOCs and
describes patterns of virtual patient use in one such course. Our aims are to reduce the technical uncertainty related to these
extensions, point to aspects that could be optimized for a better learner experience, and raise prospective research questions by
describing indicators of virtual patient use on amassive scale.

Methods: The Behavioral Medicine MOOC was offered by Karolinska Institutet, a medical university, on the EdX platformin
the autumn of 2014. Course content was enhanced by two virtual patient scenarios presented in the OpenL abyrinth system and
hosted on the VPH-Share cloud infrastructure. We analyzed web server and session logs and a participant satisfaction survey.
Navigation pathways were summarized using a visual analytics tool developed for the purpose of this study.

Results: The number of course enrollments reached 19,236. At the official closing date, 2317 participants (12.1% of total
enrollment) had declared completing the first virtual patient assignment and 1640 (8.5%) participants confirmed completion of
the second virtual patient assignment. Peak activity involved 359 user sessions per day. The OpenLabyrinth system, deployed
on four virtual servers, coped well with the workload. Participant survey respondents (n=479) regarded the activity as a helpful
exercise in the course (83.1%). Technical challenges reported involved poor or restricted access to videos in certain areas of the
world and occasional problemswith lost sessions. Thevisual analyses of user pathways display the partsof virtual patient scenarios
that elicited lessinterest and may have been perceived as nonchallenging options. Analyzing the user navigation pathways allowed
us to detect indications of both surface and deep approaches to the content material among the MOOC participants.

Conclusions:  This study reported on first inclusion of virtual patients in a MOOC. It adds to the body of knowledge by
demonstrating how a biomedical cloud provider service can ensure technical capacity and flexible design of a virtual patient
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platform on a massive scale. The study also presents anew way of analyzing the use of branched virtual patients by visualization
of user navigation pathways. Suggestions are offered on improvements to the design of virtual patientsin MOOCs.

(JMIR Medical Education 2015;1(2):e8) doi:10.2196/mededu.4394

KEYWORDS

computer-assisted instruction; education, medical; medical informatics applications

Introduction

Background

Therise of interest in massive open online courses (MOOC) is
remarkable. What started as an experiment in connectivist
learning theory turned, in just afew years, into a phenomenon
involving severa million participants and the most prestigious
universities[1,2]. Even though the trend has met with criticism
[3] and there are aready signs of fading enthusiasm [4,5], the
changes witnessed in terms of the openness of education to
massive participation are unlikely to be reversed.

Health sciences, traditionally slower in adaptation of new trends
in education, are inspired by these changes as well [6,7]. A
recent systematic review identified nearly 100 health-related
MOOCs conducted in 2013 [8]. The motivations of medical
universities for participating in such initiatives varies but may
involve reaching out to appropriate but less privileged learner
groups, possibly to bridge the language gap between patients
and their health care providers or to increase the impact and
visibility of the university in a particular field [6-8]. MOOCs
are also seen as a tool in the “flipped classroom” curriculum
reform, which requires studentsto engagein self-directed online
preparations prior to face-to-face learning activities. Thisfrees
up time for hands-on training, group work, and individual
consultation with teachers on the campus[7,9].

The currently predominant type of massive open online courses,
called xMOOCs, has been criticized for building on bite-sized
video lecture clips, textbooks, and multiple-choice
questions—regarded as a rather outdated form of learning [3].
This development can be partly explained by the
decontextualized technical confines offered in generic-purpose
MOOC environments. However, there are severa
discipline-specific information technology tools which could
vitalize thelearning activitieswithout requiring much attention
from the instructors. One of these tools, available for health
training, isvirtual patients[10].

Virtual patients have shown apositive effect onlearning [11,12]
and areincreasingly used at medical faculties[13,14]. Although
definitionsvary, virtual patientsare most commonly understood
asinteractive computer simulations of real-life clinical scenarios
for medica training, education, or assessment [15]. Severa
types of virtual patients can be constructed, depending on the
applied technology and target competency; theseinclude virtual
patient games, high fidelity software simulations, and virtual
standardized patients [16,17]. To teach clinica reasoning and
decision-making, the most common type involves interactive
patient scenarios that employ simple Web-based technol ogies

[17].

http://mededu.jmir.org/2015/2/e8/

We began with a prior theoretical analysis of the idea of
embedding virtual patients in MOOCs, from an educational
point of view [18] and continued with a discussion of technical
mechanismsfor theintegration [19]. We regarded the extension
of platform functionality beyond the standard tools as a major
risk considering the sheer numbers of students. Preparation for
a MOOC thus requires recruiting a support team to clear
pedagogical and technical hurdles [9]. From a different
perspective, the great quantity of participants could also offer
an opportunity to identify patternsin virtual patient use, which
normally remains largely unnoticeable due to the small sample
size of studentsin thetraditional classroom. A recent systematic
review of literature in the field of MOOCs has concluded that
“while there is research into the learner perspective neither the
creator/facilitator perspective nor the technological aspects are
being widely researched” [20]. We aim to address these needs
by reporting on our technical experience in organizing what to
our knowledgeisthe very first health-related MOOC including
virtual patients.

Objectives

The primary objective of this paper is to present an in-depth
analysis of thetechnical preparationsrequired to include virtual
patientsin aMOOC. Thiswill inform the parameters for future
preparatory tests and suggest solutions for dealing with the
intensive usage of information technology infrastructure
resources while offering a server-side educational component
for amassive audience. The second objectiveisto identify ways
of highlighting the different navigation pathways of virtual
patient interactive use. We hope that this study will reduce the
technical uncertainty related to such extensions, indicate aspects
that could be optimized for abetter learner experience, and also
raise prospective research questions by describing indicators of
virtual patient use on amassive scale.

In particular, we are interested in answering the following two
research questions: (1) What are the information technology
challenges and technical solutions for offering virtual patients
inaMOOC?(2) How can user navigation pathways be presented
for virtual patientsintegrated within aMOQOC?

Methods

Setting

This report is a case study carried out at Karolinska Institutet
(K1), a Swedish medical university, in the second half of 2014.
Kl was the first Scandinavian university to join the edX
consortium launched by Massachusetts | nstitute of Technology
and Harvard to create and disseminate MOOCs [21]. Once the
agreement with edX was concluded in the summer of 2013, an
internal call led to the selection of two coursesfor thefirst wave
of KI MOOCs. One of them was “KIBEHMEDx: Behavioral
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Medicine—a Key to Better Health,” presenting the science of
changing behavior to improve health and quality of life [22].
This course was selected as a target for introducing virtua
patients dueto its clinical, case-based character.

Being part of theedX consortium required using the edX MOOC
platform to host the course [23]. The platform supports
presenting videos, multiple-choice questions, and facilitation
of online discussion; however, it has no direct support for
presenting interactive patient scenarios. Our prior research has
shown that this integration challenge can be resolved by using
an IMS LTI-interface [19]. For the virtual patient platform we
selected an open-source solution: OpenLabyrinth [24]. This
platform is the most advanced, freely available interactive
patient scenario system with along history of usein educational
activities and research projects [25-28]. The platform supports
the branching paths navigation model, meaning that learners
are presented with aclinical casein which they can select from
anumber of alternative options that lead to individual learning
trajectories [29]. Version 3.1 was selected following a
recommendation by the devel oper as the most stable release at
thetimethe course was prepared. The standard graphical layout
of the system was altered to fit the edX design using the built-in
skin mechanism.

The Behavioral Medicine course was designed for a 5-week
run. In order to increase active learning opportunities it was
decided that weeks 2 and 3 would be illustrated by virtual
patients in the form of interactive patient scenarios. The week
2 scenario dealt with treatment of stress-related symptoms; week
3 with treatment of sleep problems. These scenarios were

http://mededu.jmir.org/2015/2/e8/
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presented as separate cases but both were connected by the story
of John Nilsson, ahigh school teacher suffering from stressand
sleeping problems (Figure 1).

Thevirtual patient scenarios consisted of 80 and 61 screen cards
or nodes, respectively, containing text description, decision
elements, free-text assignments, multiple-choice questions, and
videos (Table 1). The videos were created for the purpose of
this course and involved a professional actor, two clinicians,
and a film team. Video length varied from 16 seconds to 6
minutes 39 seconds. All videos were hosted on YouTube and
embedded in the virtual patient scenarios using an internal
frame. Some of the videos from the first week (week 2 of the
course) were repeated in the week 3 scenario, forming review
nodes. Decision nodes represent screen cardsthat allow the user
to select how to proceed, based on at least two options. The
branched navigational structure of virtual patientswas designed
in the VUE (v3.2.2) editor [30] and then exported to
OpenLabyrinth. The possibility of following the same branching
option twice was blocked to prevent cycles. The virtual patient
activity for each of the two course weeks was planned for
approximately one hour. Students were asked to self-report,
following the edX honor code, by indicating that they spent at
least 30 minutes per week interacting with the virtual patient.

The Behavioral Medicine MOOC started on September 9, 2014,
and lasted 5 weeks, until October 14. Theweek 2 virtual patient
was available for the first time on September 16 and the week
3virtual patient became available on September 23. All services
were active for two more weeks (until October 28) for atapering
period.
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Figure 1. Virtual patient presented in the edX Behavioral Medicine course.
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Technical Infrastructure

The OpenLabyrinth system is successfully used at severa
medical universities worldwide. However, to the best of our
knowledge, it has not been used as part of a large course yet.
As arecent systematic review has shown, an average MOOC
involves 43,000 enrollments, and there have been reports of
courses with over 200,000 registered users [4]. The typical
dropout rateisvery high with just 6.5% of participantsfinishing
the course on average [4]. It is also known that user activity is
not evenly distributed, with large peaks before deadlines for
graded homework [2]. Since MOOC:s are often characterized
by demands for computational power in bursts, we decided to
useacloud infrastructure as asolution that matches the expected
requirements well.

Cloud computing is a way of providing computing resources
as services that can be created on demand, usually in the form
of virtual servers (machines). Clouds have been applied by
industry to dynamically scale Web applications to respond to
varying peaks in workloads. They have also been successfully
used in scientific and healthcare applications, where they allow
for obtaining computing resources quickly to computeintensive

http://mededu.jmir.org/2015/2/e8/
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simulations or data analysistasks[31,32]. In medical research,
a good example is the Virtual Physiological Human
(VPH)-Share project, which offersacloud platform for hosting
and sharing computational models of the VPH research
community, providing on-demand accessto computing services
[33,34].

To evaluate the performance and scal ability of OpenLabyrinth,
we used Gatling (v1.5.5) [35], to carry out stress tests of the
system on 8CPU/16GB RAM server using a simple virtual
patient test case consisting of 10 nodes and content similar to
that expected in the final version of the case. We simulated 50,
100, 150, and 300 userstraversing three random paths, changing
the nodes with one request per second on average. In the
300-user test, this resulted in 14 requests per second at the
highest peak during the stress test time lasting 17 minutes. The
number of 300 concurrent users was regarded as sufficient for
themaximal |oad since aprevious report from the 6.002x course,
which had an enrollment rate of 154,000, indicated that the
reported peak of activity per day was 5000 unique certificate
earners; divided by 24 time zones this generated an estimate of
slightly above 200 active users an hour [2]. To reflect the
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nonuniform distribution of usersin time zoneswe increased the
upper boundary to 300 users.

The stress tests showed a very good response time in all cases
(around 100 ms), low RAM (max 460MB) and processor use
(max 1.3CPU) but around one percent (0.66%) of requests for
300 concurrent users led to a 404-page error. This was traced
to adatabase deadlock problem. The error rate for 50 users was
significantly lower (0.02%). Since it was not feasible for usto
find the source of the deadlocks in the given timeframe, we
decided to mitigate therisk of thiserror by reducing the number
of concurrent users using cloud technologies. The idea was to
have more numerous but less powerful virtual serversto share
the user requests in a balanced way and thus decrease the
likelihood of database problems.

For theimplementation we approached the VV PH-Share project,
specidized in offering cloud servicesfor biomedical applications
[34]. Their cloud management solution—Atmosphere
[36]—enables flexible design of virtual server templates
(images) and their execution as atomic services in anumber of
software and hardware configurations (CPU and RAM) [37].
We developed a virtual server template based on the Ubuntu
(v13.10) Linux distribution (Apache v2.4.6; MySql v5.5.37,
PHP v5.5.3) and with OpenL abyrinth (v3.1) preinstalled (Figure

http://mededu.jmir.org/2015/2/e8/
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2). A load balancer (nginx) wasinstantiated to evenly distribute
user reguests between template instances. For the start-up we
decided to use four micro instances of virtua servers (1CPU;
512MB RAM) in parallel with the possibility of increasing this
number in case of a higher than expected workload. The cloud
infrastructure was hosted by Academic Computer Centre
Cyfronet AGH in Krakow (Poland), running OpenStack cloud
software [38] (Figure 3). The use of the VVPH-Share platform
should not be considered a limiting factor as it has many
similarities in functionality with commercial providers like
Amazon EC2, and the virtual server templates arein fact fully
transferable between the solutions.

As an emergency backup solution in case of unexpected
technical problems, we had prepared an alternative virtua server
template consisting merely of the Web server with apreinstalled
HTML version of thevirtual patients, not requiring the database
system. Thisversion was designed by writing a script exporting
OpenLabyrinth cases to a set of static HTML web pages.
Obvioudly, thisversion had fewer computational requirements;
however, it also had limitations in terms of restricted
functionality, as tracing user sessions or recording students
answers was not possible. In the end it turned out to be
unnecessary to use this template during the MOOC, but it
provided security for the project team.
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Figure2. VPH Share cloud platform with virtual patient system templates prepared for the Behavioral Medicine MOOC and a running instance of one
of the templates on a virtual server.
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Figure 3. Cloud architecture for the Behavioral Medicine MOOC.
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Data Collection and Analysis

Web server and database logs as well as user sessions were
recorded in the OpenL abyrinth system. The datawere archived
and aggregated from the four virtual servers after the tapering
period had ended. There wasno need to add new parallel servers.
The Web server logs were parsed using asimple Javalanguage
script and postprocessed in Excel (Microsoft). Spearman
correlation coefficientswere calculated in Statisticav10 (2010)
(Statsoft), using a significance level of 5%.

User pathwayswere analyzed by an on-purpose project-designed
analytic tool developed in Java by one of the authors of this
article (AAK). The developed tool visualizes the results by
displaying them as numerical and grayscale values in the
navigation graph. The structure of the graph isread from VUE
filesused previously in designing the virtual patients. Next, the
XML content from VUE filesis copied and modified based on
the user session statistics from OpenL abyrinth and once again
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opened in VUE to display the result. Four different types of
visual analyses were generated: (1) number of visitorsin each
screen card of the virtual patient, (2) pathway exit points:
percentage of visitors who ended the session in the given node,
(3) time in seconds spent in each screen card on average, (4)
percentage of visits selecting individual decision options and
branching ability of decision nodes.

In order to evaluate participant satisfaction with the course in
general aswell asthe virtual patient experience and to confirm
the quality of technical capacity offered in the MOOC, the
participants were surveyed for their opinions on using virtual
patients via an anonymous questionnaire to which invitations
were distributed immediately after the course. The Likert-scale
guestions were analyzed using Excel for descriptive statistics.
Free-text comments detailing the technical issues encountered
by course participants were analyzed qualitatively for recurring
themes.
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Dataon user enrollment and declared completion were acquired
from the edX platform statistics (edX insights). In this study,
we did not trace the link between sessions and user
demographicsor learning outcomes and treated user dataentirely
anonymously. This type of research does not require explicit
permission of an ethical review board according to Swedish
law (Act 2003:460).

Results

General Statistics

The number of enroliments reached 19,236 but just 4586
(23.84%) logged in during the first week of the course. On the
officia closing date of the course (October 14), 2317 (12.05%
of the total enrollment rate) and 1640 (8.53%) participants had
declared their respective completion of the week 2 and week 3
virtual patients. This number kept growing after the course was
officially closed in the tapering period. The honor code
certificate for the whole course was earned by 740 participants,
or 3.85% of thetotal number of original enrollments. The most
frequent participant countries of residence were: United States
(27.61%), India (8.97%), and United Kingdom (4.84%). See

Kononowicz et al

Multimedia Appendix 1 for a geographic breakdown of
participation.

Server Load

Figure 4 presents the number of server requests per day in the
course lifetime and tapering period. As planned, the virtual
patient service started in the second week of the course. The
focus of the course instructors on virtual patients was in week
2 and 3. The peak of activity in the virtual patient system was
on September 23—the release date for the second virtual patient
scenario—with 7768 page requests per day corresponding to
359 unique user sessions. During that day in the most active
hour (17:00-18:00 CET) the service had 875 page requests (24
unique User sessions).

In general, the most active hour of the day was 18:00-18:59
CET with 181 server requests on average. Theleast activetime
was07:00-07:59 CET with 84 server requestson average (Figure
5).

We aso analyzed the number of errors reported in the Web
server logs. Out of the 131,303 server requests, only 35 could
betraced as having been caused by database problems (0.03%).

Figure4. Virtual patient server requests per day in the Behavioral Medicine MOOC.

8000

Week 2 Week 3

7000 -

6000

5000 -

4000

3000 -

Virtual patient server requests

2000 |

1000 |
0 , :

Tue, 09-16-2014 Tue, 09-23-2014 Tue, 09-30-2014

http://mededu.jmir.org/2015/2/e8/

RenderX

Week 4

Tue, 10-07-2014

Week 5 Tapering period

| End of the course

Tue, 10-14-2014 Tue, 10-21-2014

JMIR Medical Education 2015 |vol. 1 |iss. 2 [e8 | p.111
(page number not for citation purposes)


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

JMIR MEDICAL EDUCATION

Kononowicz et al

Figure5. Average virtual patient server requests per hour in the Behavioral Medicine MOOC.
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User Pathways

The analysis of the number of visitors to the virtual patient
scenarios shows arelatively high number of initiated sessions:
3467 in week 2 and 2201 in week 3 (Figure 6). At the same
time the bounce rate (number of usersleaving just after opening
the start page of virtual patients) is also high: 1994 out of 3467
(57.51%) in week 2 and 1486 out of 2201 (67.51%) in week 3.
Around 75% of sessions ended before visiting 10% of the total
number of screen cardsin both virtual patients. The most popular
pathway (and shortest at the same time) through the week 2
scenario isvisible by the most intensively shaded line of nodes
in the visualization in Figure 6. This pathway was designed by
the case authors as containing the best options from a clinical
point of view, based on course content. It consists of 30 screen
cards. Four hundred twenty participants (n=420) reached the
final nodes of the case. In week 3, the shortest and best path
was also the most popular one. Three hundred forty-five (n=345)
participants reached the final nodes of the week 3 case.

Thefrequency distribution of the number of visited screen cards
in one session had alocal peak around the length of the critical
path (number of screen cardsin the shortest pathway connecting

http://mededu.jmir.org/2015/2/e8/

RenderX

2:00
16:00
18:00

i

the start and end nodes). The frequency distribution for week
2 had an additional peak around 51 nodes, corresponding to the
group of students who selected a branch with 16 nodes for
additional explanations. The frequency distribution of user
pathways longer than the length of the critica path drops
steadily, reaching the zero level at 79% (week 2) and 90% (week
3) of the total number of nodesin the scenarios.

Table 1 shows the time spent by users on average in different
screen card types. Participants spent the most time
(approximately 2 minutes) on screen cards requiring entry of a
free text answer to a question. This occurred despite the fact
that each free text question displayed a clarification stating that
no individualized feedback would be provided in response to
student entries. Interestingly, we observed a moderately strong
correlation between the average percentage of viewed video
time and shortest distance of the screen card to the start node
(R=0.55; P<.001). The average time spent on video nodes was
shorter than the actual Iength of the video when the node was
closer to the start than the end of theinteraction with the virtual
patient but was longer than the actual length for videos closer
to the end node.
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Figure 6. Number of visitorsin screen cards of week 2 virtual patient.
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Table 1. Average time spent on screen card types.
Week 2 Week 3
Screen card type Count Time[g] Count Time[9]
Decision node 19 28.6 11 27.2
Free text question 6 120.3 5 131.6
Multiple choice question 1 66.4 2 231
Review 0 - 4 124.3
Text 35 175 25 204
Video 19 98.8 14 734

In the week 2 scenario, the shortest possible path from the start
to the end node required 37 minutes, but the average sessionin
which the case was compl eted (containing one of the end nodes)
lasted 48 minutes. One hundred twenty-one (n=121) sessions
that completed the virtual patient were longer than one hour.
For the week 3 scenario, the shortest path consisted of nodes
taking 27 minutes on average, where the mean case completion
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session was 39 minutes long, with 56 sessions longer than one
hour.

Figure 7 showsvisualization of exit pointsin theweek 2 virtual
patient, displaying the percentage of visitorswho |eft the virtual
patient after visiting the given screen card. The percentage is
relative to the total number of users entering the node. We have
highlighted a node with a high dropout rate, possibly due to a

JMIR Medical Education 2015 | vol. 1 |iss. 2 [e8 | p.113
(page number not for citation purposes)


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

JMIR MEDICAL EDUCATION

challenging task in this screen card. A review of the specific
node indicated that it contained a time-consuming free text
question, referring to previous videos, which might have
discouraged the participants from continuing their work with
the virtual patient scenario.

Figure 8 shows a visualization of choices made by the course
participants in the week 2 virtual patient. The links (edges)
leaving decision nodes are indexed by the percentage of visits
following this option relative to the total number of outgoing
connections. The decision node is labeled by a heuristic value
caculated as information entropy from the percentage of

Kononowicz et al

selected options, divided by the maximal information entropy
for the given number of branches. We use this value as a
benchmark for branching quality as it has its maximum value
1 for perfectly even distributed user selections. The node
highlighted by a in Figure 8 is an example of poor branching
asthe alternative option is selected in just 4.6% of visits which
may indicate a nonchallenging choice. Correspondingly, the
branching valueislow (0.27). In contrast the node highlighted
by b in Figure 8 has a more evenly distributed user count,
indicating interesting and not obvious choices (heuristic value
0.79).

Figure 7. Percentage of visitors who left the virtual patient after visiting the particular screen card.

Survey Results

We received 479 responses to the participant survey (2.49% of
al enrolled and 20.67% of those who declared they had
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completed at least one virtual patient). Multimedia Appendix
2 contains a detailed summary of the responses. For the great
majority, using a virtual patient was a new experience (87.3%
declared they had not used virtual patients before and 11.5%
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had used virtual patients prior to the course). A great majority
strongly agreed (58.5%) or agreed (24.6%) with the statement
that thevirtual patient wasahelpful exercisein the course. Only
1% of participants disagreed or strongly disagreed. The level
of difficulty of thevirtual patientswasjust right for the majority
of respondents (neither too easy nor too difficult: 62.8%). It
was difficult to very difficult for 21.1% and easy to very easy
for 12.1%.

Eighty-one percent (389 out of 479; 81.2%) of surveyed
participants did not encounter any technical problems while
using virtual patients. Nevertheless, it was surprising that a
relatively high percentage (77 out of 479; 16.1%) reported
experiencing technical issues. The dominating themes in the
free text description of technical issueswere (1) problemswith
videos, (2) Internet connection problems, (3) problems with
broken sessions, and (4) unrelated problems. Each of these
themes contained around 15 comments. The video problems
related to the inability to access YouTube videos in some
countries or the inability to download them offline. Sometimes
the videos did not seem to start properly, got stuck, or played
only the audio track—these problems could be explained by
slow Internet connections or compatibility issues with Web
browsers on some platforms. The problemsexplicitly classified
as Internet issues referred in general to the inaccessibility of
broadband connectionsin regions of the world such as Indiaor
rural Canada. Theissuesclassified asbroken sessionswere most
likely related to the virtual patient platform and manifested by
nonsaved user answers, page display errors, unexpected session
reset, or (in two reported cases) surprising redirection between
nodes. Some of the problems could be explained by session
timeout or browser issues but they could just as likely be due
to previoudy identified software problems in the platform.
Luckily, these difficulties were not reported often and did not
influence the general positive picture of thelearning experience.
Lastly, the technical complaints also contained issues not
directly related to the technical side of virtual patient scenarios,
like language issues, difficulties in posting comments on the
discussion board, or complaints about videos that were not part
of the virtual patient scenarios.

Discussion

Principal Findings

This case study presents experiences collected while organizing
what is probably thefirst MOOC including virtua patients. The
scope of thereport ison virtual patient usage expressed in terms
of required technical capacity and user navigation pathwaysto
inform preparations of further, similar courses. The genera
impression after introducing virtual patient scenarios into the
Behavioral Medicine MOOC was positive. The great majority
of participants regarded virtual patients as a helpful exercisein
the course, and the declared completion rate of the virtua
patientsactivity (12.05% and 8.53% out of 19,236, weeks 1 and
2, respectively) wasrelatively high inrelation to the total course
completion rate (3.85%). We received many free text comments
inthe discussion forums praising thislearning resource (Berman
et a, manuscript in preparation). The course organizers will
retain this activity for continued runs of this MOOC and have
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begun using the virtual patientsin their traditional campus-based
teaching activities.

From the organizers perspective, the intimidating number of
participants at start-up was not as challenging from the technical
perspective as expected. One contributing factor is the high
dropout ratetypical for MOOCS, and the more evenly distributed
frequency of requeststhan expected dueto thetruly global reach
of the learning activity. In the end, the technical infrastructure
was loaded, in terms of concurrent users, 20 times less
intensively than anticipated as the worst-case scenario. The
server capacities of one virtual machine would be most likely
have been sufficient to host the course even when considering
the database problems noted in the course live run.

Considering thevirtual patient statistics obtained, the necessity
of using cloud infrastructure might be questioned. However,
several benefits to this solution were confirmed in this study.
A platform-as-service saves costs, as it was not necessary to
purchase any new hardware for the MOOC to guarantee a
dedicated server for thevirtual patient platform. The possibility
of scaling the solution—horizontally (number of CPU and
RAM) and vertically (number of instances)—provided uswith
security in case of higher than expected popularity of the course.
The openness of MOOCs suggests the real need of taking such
precautions. The solution of preparing different types of virtual
server templateswas very helpful. This provided flexibility for
the course organizers in terms of switching between different
services outside the MOOC platform, depending on how the
course evolvesin real time. It also saved timewhilereusing the
services for other occasions (eg, for on-campus classes with
small groups of students). Theidea of creating micro-instances
of virtual serversto circumvent problemswith concurrent access
tolegacy codeisnew and has not been discussed in theliterature
before[39]. The presented integration is likely to be succeeded
by more computationally demanding integrations of simulation
in virtual patients [40]. For such scenarios the use of cloud
services will be indispensable.

The OpenLabyrinth system proved its usefulness in this study
asavirtual patient player for aMOOC. Thetechnica problems
reported by some students did not seem to overshadow the
general positive picture of the activity. The problemswe traced
asdirectly related to the OpenLabyrinth environment were not
numerous. This would be interpreted differently in the case of
commercia courses or high-stake examinations organized on
a massive scale. The most often reported problems with low
Internet connection for videos or banned YouTube services are
not related to the virtual patient software. The course participants
were informed by the organizers in the general course rules
about restrictions in use of the YouTube service in some
countries and offered manual downloads of the video clips
outside OpenL abyrinth; however, this solution was not offered
explicitly in OpenLabyrinth. This seemed to negatively influence
users and suggests other options should be considered for
hosting videos. We recommend uploading all videos as separate
files to the MOOC platform to be downloaded on demand by
participants from countrieswith blocked accessto services such
as YouTube. An alternative solution would be to host a video
streaming service on a generic cloud infrastructure, but this
would considerably raise the technical requirements. We were
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not able to spot any irregularities which would indicate users
of specific web browsers had particular problems using virtual
patientsin OpenL abyrinth. It isto be acknowledged that we did
not optimize the display for mobile devices (tablets,
smartphones), a factor which could be an issue for some of the
participants. We recommend considering thisgroup in particul ar
in upcoming MOOCs introducing virtual patients.

The course was dlightly less frequently visited and completed
than an average MOOC. This might be explained by the
specificity of the topic and the general trend of larger supply
and shrinking interest in MOOCs [4]. The high bouncing rate
of virtual patientsisnot surprising asit includes those who just
explored the course's content without intending to interact with
the cases. Among those interested enough to move to the second
node of virtual patient, 30% to 50% completed the exercise,
which took 45 minutes on average. We interpret this as an
objective sign of interest in the task.

One worrisome aspect is the discrepancy between the
self-reported completion rate of the exercise and the actual
on logs. It was not necessary to completethe virtual patient
exercise in order to tick off the assignment; users merely had
to spend 30 minutesin the scenario and comment on thison the
discussion board. The declared completion rate of the week 2
assignment was 2317, but the number of sessions containing
the second node of virtual patient was 1473. Thisraises doubts
regarding how serioudly participant declarations areto be taken.
The observation of digital dishonesty is not new [41]. It is
unclear, however, why participants would act dishonestly when
no formal recognition is attached to acquiring an honor code
certificate. Future studies should examine thiskind of behavior
in more detail.

Oneinnovative aspect of thisstudy isthe use of visual analytics
methods to report user activities in virtual patients. Visual
analytics is an emerging trend employing human cognitive
abilities to recognise visual patterns in analytical tasks [42].
Visual methods have been used in activity dashboards of
learning management systems and in observing patterns of
interaction on discussion boards [43]. However, the potential
of visual analytics in virtual patients has been so far largely
unexplored. The visualizations presented in this paper show a
map of the virtual patient scenarios with overlaid navigation
pathways, thus including several topological dependencies that
would not have been easily noticed in traditional visitor statistics
presented in tabular form. This function of depicting the flow
of virtual patient activity is highly instrumental for quality
control of online education. The coincidence of the most popular
pathway with the correct one can be interpreted as asign of a
successful learning process. At the same time it has to be
remembered that thisindication is biased by the limited number
of possible pathwaysthrough the case. It has also been reported
that some students learn by exploring the wrong options on
purpose which might further blur the picture[44]. The detected
nodes with high dropout or low branching levels led to
discussions about possible changesin thevirtual patient structure
for future editions of the course.

The observation of the number of visited nodesin user pathways
and the moderately strong positive correlation of the percentage
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of viewed videos to the distance from the start node might
suggest the existence of two groups of MOOC participantsusing
virtual patients: learnerswith either surface or deep approaches
to the content material. The existence of such groupsispredicted
by educational theories[45] and has been observed in e-learning
environments [46]. The group we identify as possible surface
learners in our MOOC leaves the virtual patient soon after
opening the cases (as when 75% of ons end before 10% of
the content is viewed) and do not follow through on the
gnments completely (asthoseleaving the video nodes before
thevideo playback timeininitial partsof navigation pathways).
The more highly motivated group, identified as about 400
probable deep learners, is visible by the peak in frequency
distribution of navigation pathway length with approximate
equivalence to the length of critical pathway through the cases.
An additional indication of deep learning might be the observed
higher percentage of carefully carried out exercises closer to
the end nodes (as visible on the example of the average time
spent on video nodes). The high motivation of a subgroup of
users might also be suspected from the time spent on entering
answers to the free text questions (high average time for this
type of node) even though there was no hope for individualized
feedback or credit for such exercises.

Limitations

Thisstudy hasitslimitations. There werejust two virtual patient
scenarios introduced to the course using OpenLabyrinth. The
branching potential of virtual patients has not been used to its
full extent because of limited resources for developing
aternative versions of videos, fixed recommendations of
professional behavior which should not encourage too much
experimentation, and the novelty of thisform of teaching to the
subject matter experts of the course. It was also assumed from
the beginning that this study would not link session datato user
details. The study evaluates the idea of introducing virtual
patients in a MOOC at the first level (participation) of
Kirkpatrick’s hierarchy [47,48]. We did not evaluate the effects
of learning in the MOOC in terms of acquired knowledge, but
following the positive outcomes at the first level we plan to
conduct evaluations at higher levels and encourage othersto do
so. As we received 479 responses to the participant surveys
(whichis 2.49% of the total number of enrolled users), it might
pose a high risk for nonresponse bias effect. However, when
considering that the evaluation survey was announced as the
last step of the whole course and 740 participants earned the
certificate, the same number might indicate ahigh responserate
(64.7%) among those who completed the course. The heuristic
selected for measuring the branching quality was selected
arbitrarily and will beimproved in thefuture, taking into account
thebaselinelevel of learner expertise. Thetime spent by students
inindividual nodes of the case on actual learning isvery difficult
to control and should be treated as a rough indicator of the
thoroughness of avirtual patient session. Some of the students
might have used it for other, unrelated activities. This problem
is often encountered while evaluating virtual patients activities
[49]. However, as there were no direct incentives for spending
more time on particular nodes (the credit was based on an honor
code declaration), we assume that thisbiasisevenly distributed.
Theimpact of any future changes made to improve the quality
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of virtual patients based on the clues taken from the visual
analytics tool will be the subject of studies on future editions
of the MOOC.

Future research should focus on observing how participants
choose navigation pathways depending on participant-related
factors. Thiscould giveinsight into how experts, expert students,
and lay people approach problem solvinginaMOOC. It would
be interesting to look for correlations between such indicators
as branching level and student satisfaction from learning.
Technical solutions used in this paper, such asbuilding different
variants of virtual patient system templates or using visua
analytics methods to improve virtual patient quality are
innovative and not yet optimized nor standardized. These could
form integral elements of a cloud-based platform dedicated to
organizing health-related MOOCs. The introduction of virtual
patients to massive audiences, thanks to the large number of
participants, opens up new, previously inaccessible venues for
experimentation with this learning design with potential for
future research on the topic.

Conclusions

This study reported on the probable first introduction of virtual
patientstoaMOQC. It positively verified the feasibility of using
OpenL abyrinth, an open-source, freely available virtual patient
system for a large audience setting. The system can now be
added with greater confidence to future health care MOOCs.
This report delivered concrete technical parameters (like the
number of users per hour) to inform preparatory stress tests
carried out prior to extension of health care MOOCs by adding
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Abstract

Background: Theprofession of practicing medicineis based on communication, and as social mediaand other digital technologies
play a mgor role in today’s communication, digital literacy must be included in the medical curriculum. The value of socid
media has been demonstrated several times in medicine and health care, therefore it is time to prepare medical students for the
conditions they will have to face when they graduate.

Objective: Theam of our study was to design a new e-learning-based curriculum and test it with medical students.

Method: An elective course was designed to teach students how to use the Internet, with a special emphasis on social media.
An e-learning platform was al so made available and students could access material about using digital technologies on the online
platforms they utilized the most. All students filled in online surveys before and after the course in order to provide feedback
about the curriculum.

Results: Over a3-year period, 932 students completed the course. The course did not increase the number of hours spent online
but aimed at making that time more efficient and useful. Based on the responses of students, they found the information provided
by the curriculum useful for their studies and future practices.

Conclusions: A well-designed course, improved by constant eval uation-based feedback, can be suitable for preparing students
for the massive use of the Internet, social media platforms, and digital technologies. New approaches must be applied in modern
medical education in order to teach students new skills. Such curriculums that put emphasis on reaching students on the online
channelsthey usein their studies and everyday livesintroduce them to the world of empowered patients and prepare them to deal
with the digital world.

(JMIR Medical Education 2015;1(2):e6) doi:10.2196/mededu.4411

KEYWORDS
medical education; social media; digital literacy
In 2013, Internet use increased to 85% and 72% in the United

States and in the European Union, respectively [2]. Besides
using personal computers, the rate of mobile phone, tablet, and

Introduction

In the last couple of years, the Internet has played an
increasingly important role in communication and information
management in medicine and health care. Aninformation-based
society leads to an exponential increase in the amount of
information available, thefreeflow of information, interactivity,
real-time communication, and opportunities for collaboration

(1.

http://mededu.jmir.org/2015/2/e6/

laptop users also increased underscoring the importance of
"continuous online presence” [3,4].

The use of the Internet to search for health-related information
has become a common practice worldwide [5]. As such, the
onlineworld isaprimary source of medical information. Online
searches for health-related information doubled between 2002
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and 2012 from 40% to 80% [5,6]. Approximately 80% of
Internet users search for medical information using search
engines, the third most regular online activity after web
browsing and checking emails[7].

Besides basic online activities, social media plays an
increasingly important role in medical communication [8,9].
For example, 45% of Norwegian and Swedish hospitals are
using LinkedIn, 22% of Norwegian hospitals use Facebook for
health communication, and statistics reported Facebook as the
fourth most popular source of health information [10,11].

The Internet and medicine connect on numerous bases from
telemedicine and mabile applications to online practices and
community sites affecting the world of research [12,13].
Therefore, digital literacy and the knowledge and use of digital
toolsin communication, keeping ourselves up-to-date, dealing
with information pollution, using maobile health devices and
applications, aswell asassessing the quality of medical websites
has become acrucially important skill in medical practice[14].

The profession of practicing medicine is based on
communication, and as sociad media and other digital
technol ogies play amajor roleintoday’s communication, digital
literacy, defined as the ability to effectively and critically
navigate, evaluate, and create information using a range of
digital technologies, must beincluded inthe medical curriculum
[15]. Since the value of social media has been demonstrated
several timesin medicine and health care, it istime to prepare
medical studentsfor the conditionsthey will have to face when
they graduate. In addition to answering traditional medical
questions, they will have to be prepared for patients asking
guestions about the World Wide Web.

Use of socia media channels for personal rather than
professional purposes, unintentionaly revealing details of
patients' private information, and the massive social media use
by medical students raise awareness about the importance of
acquiring skillsrelated to digital technologiesfrom thefirst year
of medical school [16]. Whilethere have been attemptsat using
social mediaplatformsin education, examples are sporadic and
an extended curriculum is very much needed [17-19].

An online physician study (N=5000) showed that 80% of
Hungarian physicians used the Internet on adaily basis, mainly
for searching relevant literature or for the drug database. Almost
half of them believed that he/she had a worse or same level of
knowledge of digital technology than the average population.
This suggests that around 50% of the surveyed physicians
thought that digital literacy should be introduced to the
curriculum of medical education [20].

In order to include the teaching of digital literacy skillsin the
medical curriculum, an elective course was launched at the
University of Debrecen, Medical and Health Sciences Center,
in 2008, and later moved to Semmelweis University in 2012.
As medica students from around the world demanded access
to the materials, an online e-learning platform and a Facebook
challenge with gamification were launched in 2012 in order to
motivate studentsto improvetheir digital skillsduring the course
of the semester.

http://mededu.jmir.org/2015/2/e6/
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The aim of this study was to test whether such an interactive,
on-and offline-based curriculum with innovative methods could
help medical students acquire digital literacy skills, as well as
to improve their knowledge about the digital world. Here, we
demonstrate the methodology, format, and details of the
curriculum. We also aimed at analyzing the descriptive feedback
of the student participants. The main educational goalsincluded
testing the curriculum, format of the course, and design of the
online channels made to teach students about digital literacy
through digital channels. Our study, however, did not focus on
the long-term consequences of the curriculum; these will be
analyzed and discussed in further studies.

Methods

Student Demographics

Dataof surveysfilled in by 932 medical and dentistry students,
from over 20 countries, of Semmelweis University in the
2010/2011, 2011/2012, and 2012/2013 semesterswere included
in this study. Each student who enrolled completed the course
modules and filled in the survey.

Procedure

Students (N=932) attended live lectures for 12 weeks where
Prezi-formatted presentations were shown [21]. Students were
encouraged to use touch screen and laptop devices during the
lectures to improve the digital communication between them
and the lecturer. They had the opportunity to ask questions on
Twitter as well during the lectures.

A Facebook page was established to launch a competition. The
first students to correctly answer the questions covering the
topics and learning points of the lectures got bonus points. There
were 1-3 questions posted every day during the semester.

The e-learning platform was designed to let the students
re-watch the presentations, access all materials and references
mentioned in the lectures, and do tests. Completing the online
course resulted in an opportunity to skip the written exam.
Students had a written test at the end of the semester.

Online Surveys

Students filled in online surveys before and after the course
using the website SurveyMonkey [22] (Multimedia Appendix
1). The survey included questions that allowed students to
self-report changes in their digital skills, as well as questions
that objectively measured the change in their attitude. The
surveys included questions about demographics, digital habits,
Internet use, online study solutions, their knowledge of social
media, empowered patients, the devicesthey have, and feedback
about the course.

Statistical analysis was descriptive, focusing on percentages
and averages. Anonymous data were visualized by Microsoft
Excel 2007.

Hungarian regulations such as Decree No 35/2005 (26th of
August, 2005) of the Ministry of Health on the clinical tria of
investigational medicinal products for human use and on the
application of the good clinical practice, and Decree No 23/2002
(Sth of May, 2002) of the Ministry of Health on biomedical
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research on human subjects (applied to conducting a clinical
trials) are not applicable in our research, therefore, ethical
approval was not required.

Course Structure

Theelective courseisan official part of the medical curriculum
a Semmelweis University, Budapest, Hungary, both in the
Hungarian and English programs. It consists of 10 lectures, each
1.5 hours in length, as well as platforms to openly discussing
the content on the course Facebook page, the written exam, and
the 2 online surveys.

Textbox 1. Course lecture topics.

Mesko et d

The lectures were devel oped based on current global trends of
social media use; the first textbook of the area (Social Media
in Clinical Practice [23]) and the feedback of globa experts
such as E-Patient Dave deBronkart, L ucien Engelen, or the Pew
Internet Research Project, in order to make sure all the relevant
and crucial topicsare covered in an extensive but evidence-based
manner. The course focuses more on the meaningful use rather
than the actua popularity of these channels and methods
(Textbox 1).

Topics

« Introduction to social media and medicine with practical examples: basics of using the Internet, history of online communication, key socia
media channels and their evolution, ethical aspects of using the Internet for medical purposes.

« Medica search engines and Google applications in medicine: tips and tricks about doing online searches either on regular search engines or
medical/scientific ones. The pros and cons of using Google toolsin medicine.

«  Beinguptodatewith RSS and onlineresourcesin education: methodsto deal with information pollution, tracking search results, scientific papers,

medical information, and news.

«  Themysteries of medical blogging: the advantages and potential dangers of writing amedical blog.

« Using Twitter and other microblogging platforms for medical purposes: description of the quickest online channels and its use in medicine and

health care.

« Using medical community sites, toolsfor online collaboration: rules of using social networks such as Facebook aswell as medical onesasmedical

professionals. Tools to collaborate and write manuscripts online.

«  Medica mobile phone (smartphone) applications: how to assess the quality of medical mobile phone (smartphone) applications.
«  Theworld of e-patients and social mediain health care: how patients and healthcare institutions can and cannot use social media.

«  Themedica aspects of Wikipedia and wikis: the power of masses, building communities, and assessing the quality of medical information on

Wikipedia.

« Virtua environmentsin medicine: examples when virtual reality environments are used for collaboration and global communication.

«  Thefutureof medicineand social media: future technol ogies and trendsthat shape the future of medicinewith an emphasis on online communication.

Design of the E-L earning Platform

The e-learning platform [24] waslaunched in April, 2012, under
the name "The Social MEDia Course" (Figure 1). The course
consists of 16 extended presentations in Prezi format with
handouts, references, a comment section, and a test for each
presentation.

In order to use the concept of gamification in motivating
students to continue the study process after the lectures,
successfully completing the test as well as completing other
tasks resulted in the acquisition of a badge that students could

http://mededu.jmir.org/2015/2/e6/

share ontheir social mediachannels. Badgeswere also provided
with different levels of activities on the site such as leaving
meaningful comments on the presentations, asking questions,
or submitting new test questionsfor future students, thus further
motivating them to proceed with the e-learning element of the
course. Finishing al the tests earned the "Ultimate Expert"
badge and a certification of completing the course.

The platform also includes a community feature which lets
students crowdsource challenges related to the digital worlds
together [25], and another feature allowing students to submit
more challenging questions for the online tests [26].
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Figurel. Studentsenrolledinthe coursefilled in online surveysabout the online resourcesthey useintheir studies. They axisrepresentsthe percentage

of studentsthat chose the particular answer.
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Results

Online Habits

All students had access to the Internet at home or at the
university. They used at least one onlineresourcein their studies
such as Wikipedia (91.8%, 856/932), email (79.5%, 741/932),

search engines (76.3%, 712/932), YouTube (74.4%, 694/932),
Facebook (69.5%, 648/932), blogs (21.0%, 196/932), Twitter
(8.1%, 76/932), and other (7.7%, 72/932) (Figure 1).

The vast mgjority of the students used the Internet on a daily
basis before (62.6%, 583/932) and after (65.4%, 609/932) the
course, and this did not increase due to the course (Figure 2).

Figure 2. Internet usage of the students enrolled in the course. They axis represents the percentage of students that chose the particular answer. Blue
and red bars represent responses acquired before and after the course, respectively.
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Acquired Skills

Based on the survey results, students learned how to define
social media, medicine 2.0, health 2.0, e-patients, blogs, RSS,
and Twitter (Figure 3). The percentage of those responderswho
did not know how to define social media dropped from 46.7%
(435/932) to 8.8% (82/932), and those who could define it

http://mededu.jmir.org/2015/2/e6/

XSL-FO

RenderX

perfectly increased from 5.8% (54/932) to 23.2% (216/932)
during the course. They learned how to assess the quality of
medical websites, how to transform frustrated patients to
e-patients who could be equal partners, and what websites they
could share with their future patients. Students thought they
could meet the needs of e-patients in their professional lives
and would meet their expectations (Figure 4).
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Figure 3. The number of students that could properly define social media. The y axis represents the percentage of students that chose the particular
answer. Blue and red bars represent responses acquired before and after the course, respectively.
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Figure 4. Whether the students believe they will meet the special needs of e-patients. The y axis represents the percentage of students that chose the
particular answer. Blue and red bars represent responses acquired before and after the course, respectively.
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students liked the course (Figure 5). Most of the students

Feedback (74.7%, 696/932) also visited the website and found it useful
The suggestions provided by the course were valued ashighly  (Figure 6).

valuable and quite valuable, and overall, 99.7% (929/932) of
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Figure5. Studentsenrolled in the coursefilled in online surveys about how many useful suggestionsthe course provided them with. They axisrepresents

the percentage of students that chose the particular answer.

60

50

40

cyo 30

20

10

Mot at all Very little

Little Plenty Alot

Figure 6. The number of students that visited the course website. The y axis represents the percentage of students that chose the particular answer.
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Discussion

Principal Findings

Thisisthefirst example demonstrating that digital literacy, with
a special emphasis on social media describing how major
platforms such as Facebook, blogs, Youtube, Wikipedia, Twitter,
and Google, can and should be used in the medical profession,
and was successfully added to an official medical curriculum
(offline and online).

Several methodsincluding gamification were designed to reach
and teach students where they spend their online time. As all
the students had Facebook accounts, challenges, tasks about
online activities, and questions about the topics covered during
the lectures were posted every day during the semester on the
course Facebook page[27] and the student with the most bonus
points did not have to take the written exam.

Students learned new skills during the lectures which focused
on practical examplesand real-life situations, and they accessed

http://mededu.jmir.org/2015/2/e6/

XSL-FO

RenderX

Ivisited and it wasn't

It was useful.

useful.

the content in an e-learning platform where they were motivated
with features implementing gamification.

Limitations

A limitation of this methodology might be the lack of accessto
the Internet in other areas, and the small numbers of cases of
e-patients or medical professionals describing the use of social
media on a national level as mostly global examples are
available. A possible reason behind the observation that 21.3%
(199/932) of survey respondersdid not visit the course website
and 3.8% (36/932) of them visited but did not find it helpful
might be that students prefer watching videos on e-learning
platforms rather than watching presentations, reading studies,
and doing tests. Another reason might be that no other course
at the medical school uses such innovative methods including
the interactive e-learning platform or Facebook challenges in
teaching, therefore, time might be required for students to get
accustomed to these techniques.

As this is the first study focusing on whether digital literacy
skills can be added to a course at amedical school and whether
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these skills can be improved upon during the course, not being
able to compare these results to other studies was aso a
limitation.

Conclusions

We believe that awell-designed course improved with constant
evaluation-based feedback is suitable for preparing studentsfor
the massive use of the Internet, including social mediaplatforms
and digital technologies, and new approaches must be applied
in modern medical education in order to teach students skills
required for aworld rich in digital technologies and e-patients.

Courses worldwide provide curriculums about medical
informatics and information retrieval which have become an
important part of training medical students[28-31]. To the best
of our knowledge, thisisthe only coursein the official medical

Mesko et d

curriculum that not only implements social media channelsin
teaching certain skills but also focuses on the use of the digital
world, especially social media platforms, for medical and other
professional purposes. This study was meant to rai se awareness
to the importance of introducing medical students to the use of
digital solutions in the settings of medical education and
generate a discussion about what other methods could also be
used to reach this long-term goal.

The structure of this course appears to be an efficient way of
transforming medical students’ views about the Internet, show
them professional behavior, teach them how to create online
profiles for themselves, and how to get to a meaningful use of
a huge range of online tools and platforms. Students require
specialized training in order to fill health care with
technology-savvy professionals.
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Abstract

Background: Preparing the future health care professional workforcein achanging world isasignificant undertaking. Educators
and other decision makers look to evidence-based knowledge to improve quality of education. Analytics, the use of data to
generate insights and support decisions, have been applied successfully across numerous application domains. Health care
professional education isone areawhere great potential isyet to berealized. Previous research of Academic and Learning analytics
has mainly focused on technical issues. The focus of this study relatesto its practical implementation in the setting of health care
education.

Objective: The aim of this study is to create a conceptual model for a deeper understanding of the synthesizing process, and
transforming data into information to support educators’ decision making.

Methods: A deductive case study approach was applied to develop the conceptual model.

Results: The analytics loop works both in theory and in practice. The conceptual model encompasses the underlying data, the
quality indicators, and decision support for educators.

Conclusions: The model illustrates how a theory can be applied to a traditional data-driven analytics approach, and alongside
the context- or need-driven analytics approach.

(JMIR Medical Education 2015;1(2):e11) doi:10.2196/mededu.4789

KEYWORDS

Quality Management; Medical Education; Healthcare, Professional Education; Analytics; Decision Support Model;
Computer-assisted Decision Making.

generation of caregivers. New health care professions emerge
all thetime[2], and new training programs must meet the needs
of the evolving workforce. During their training, students are
provided with the necessary theoretical knowledge, practical
skills, and professional attitude.

Introduction

Rapid Changes and the Implications for Educators

The quality of services offered by the health care organizations
isclosely associated with the quality of health care professional
education [1]. Schools and educational programs prepare and Rapid changes within their specific domains cause the
train future health care professionals to become the next professional’sknowledgeto differ from that of today’s students
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[3]. Scientific discoveries require new theoretical knowledge,
technological devel opment requires new skills, and new working
concepts require new professional attitudes (eg, collaboration
with multidisciplinary and international groups).

New pedagogical approaches (eg, flipped classroom,
gamification, or simulation) that engage learners in their
personal development by encouraging lifelong learning and
increasing their skill set [4] have been tested, discussed, and
evaluated, with promising results [5]. To continually redesign
thecurriculumisareal chalengefor educators and educational
developers [6]. The most demanding task is to choose
appropriate teaching and learning activities. Therefore, when it
comes to decision-making support, the development of novel
methods becomes essential, especially when driven by
educational purpose.

Analytics has successfully supported decisions in other areas
(business, military, intelligence, politics, and economics).
Though analytics we can interpret data and predict trends by
calculating correlations [7].

Related Work

Educationa Informaticsisamultidisciplinary research areathat
uses Information and Communication Technology (ICT) in
education. It has many sub-disciplines, anumber of which focus
on learning or teaching (eg, simulation), and others that focus
on administration of educational programs (eg, curriculum
mapping and analytics). Within the area of analytics, it is
possible to identify work focusing on the technical challenges
(eg, educational data mining), the educational challenges (eg,
Learning analytics), or the administrative challenges (eg,
Academic- and Action analytics) [8].

The Academic- and Learning analytics fields emerged in early
2005. The major factors driving their development are
technological, educational, and political. Development of the
necessary techniques for data-driven analytics and decision

support began in the early 20Mcentury. Higher education
institutions are collecting more data than ever before. However,
most of these data are not used at al, or they are used for
purposes other than addressing strategic questions. Educational
institutions face bigger challenges than ever before, including
increasing requirementsfor excellence, internationalization, the
emergence of new sciences, new markets, and new educational
forms. The potential benefits of analytics for applications such
as resource optimization and automatization of multiple
administrative functions (a erts, reports, and recommendations)
have been described in the literature [9,10].

http://mededu.jmir.org/2015/2/e11/
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Dimensions and Objectives of Academic- and

L earning-Analytics

Thefield of analyticsis multidisciplinary and involves different
techniques, methods, and approaches. Some practitionersdivide
the performed actions into three different dimensions. time,
level, and stakeholder. For each of these dimensions, specific
analytic approaches may be applied to address specific
guestions.

In the dimension of time, Descriptive anal ytics produces reports,
summaries, and models to answer: What, how, and why did
something happen? Analytics monitors processes and provides
real time alerts and recommendations to answer: What is
happening now? Predictive analytics eval uates past actions and
estimatesthe potential of future actionsto answer: What arethe
trends, and what is likely to happen? Analytics also simulates
the effects of aternative actions and supports decisions. Using
analytics, choices are based on evidencerather than myths[11].

The scope of analytics can also be classified into five levels:
course, department, ingtitution, region, and national/international
[12].

More specific terms have been used. The term “nano level”
refersto one activity inacourse, “micro level” refersto acourse
in atraining program, “meso level” refers to many coursesin
an academic year, and “macro level” refers to many training
programs in a university [13]. Figure 1 illustrates the
relationships between these levels.

Theterm “Learning analytics’ refersto operations at the micro
and nano level, when the focus is on decisions concerning
achievements of specific learning outcomes. “Academic
analytics’ appliesto the macro and meso levels, when thefocus
is on decision making regarding procedures, management, and
matters of operational nature [14]. Figure 1 illustrates how the
different forms of analytics overlap.

The application of analytics can aso be oriented toward different
stakeholders, including students, teachers, administrators,
institutions, and researchers. They may have different objectives,
such as. mentoring, monitoring, analysis, prediction, assessment,
feedback, personalization, recommendation, and decision
support. Analytics can apply different techniques, including
visualization, data mining (including classification, clustering,
and association), and network analysis within those different
tasks.

Chatti et al [15] propose different dimensions: The environment;
what datais available? The stakeholders; who is targeted? The
objectives; why do the analysis? And the method; how has the
analysis been performed [15]?
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Figure 1. The curricular levels and overlaps of the different forms of analytics.

Macro-level:
Many training
programs in a

university

Meso-level:
Many courses in
an academic year

ACADEMIC ANALYTICS

Introduction of the Underline Theory and the
“Analytics L oop”

Even if the dimensions or the methods and objectives of the
approaches described above differ, the fundamental idea of the
five steps [16] of the analytics loop is always the same. The
five steps of analytics are:

1. Capture: Access to data is the foundation of all analytics.
This data can be produced by different systems and stored in
multiple databases. One great challenge for analytics projects
in this step is that necessary data may be missing, stored in
multiple formats, or hidden in shadow systems.

2. Report: This step involves creating an overview to scan.
Different tools can be used to create queries, examine
information, and identify trends and patterns. Descriptive
statistics and dashboards can be used to graphically visualize
eventua correlations.

3. Predict: Different tools can be used to apply predictive
models. Typically these models are based on statistica
regression. Different regression techniques are available and
each one has limitations.

4. Act: The goa of any analytics project is to provide
information based on predictions and probabilities that support
decision making. Analytics can be used to evaluate past actions
and estimate the effects of future actions. In that way, analytics
can provide aternative actions and simulate the consequences
of different actions.

5. Refine: Thisisthe salf-improvement process. The monitoring,
feedback, and evaluation of the project’simpact create new data
and evidence that can be used to start the loop again with
improved performance [16].

Aim and Objective for This Study

The aim of this study is to investigate how analytics could
contributeto the quality management and improvement of health
care professional education. We aim to provide a deeper

http://mededu.jmir.org/2015/2/e11/

Micro-level:
One course in a
training program

LEARNING ANALYTICS

Nano-level:
One activity
in a course

understanding of the process of synthesizing the available
educational datato create the necessary information to support
decisions. The research question we seek an answer tois: How
can the different parts of the analytics loop (Capture, Report,
Predict, Act, Refine) after Campbell et al [16] be described in
aconceptual model for an analytics-driven quality management
framework in health care professional education?

Methods

Study Design

Every research project consists of five key components: goals,
theoretical framework, research questions, methods, and validity
[17]. A number of other factors can also affect the design and
thus make all empirical research unique. Traditional research
follows a linear approach. This qualitative study follows an
interactive approach [18]. According to this approach,
i nterconnecti ons between the components and the structure are
flexible, and the research questions are not the starting point.
Instead they are at the center, like a hub, and they connect
directly to al of the other components[18].

We expand, one by one, the five key components (goals,
theoretical framework, research questions, methods, and
validity) [18] in order to clarify the chosen design.

There are three goals in conducting this study: personal,
practical, and intellectual . The persona goals which motivated
us to do this study include curiosity about the specific theory
and adesireto change the existing situation. The practical goals
focus on finalizing a conceptual model to describe how the
theory works. The intellectual goals are to understand the
processes, identify eventual gaps, and provide explanations.

The theoretical framework is based on the fact that analytics
has been successfully used in other areas. Academic analytics
has been defined as the application of business intelligence in
education [19]. The value of analyticsfor higher education has
been described as very positive. Analytics in general could
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generateinsights based on dataand improve the decision making
process [12]. Learning analytics could support decisions and
improve learning, and Academic analytics could make the
quality management of educational procedures easier and more
effective.

The theory of the analytics loop is well described, but we have
yet to seeits full potential implemented in an analytics-driven
quality management process in the setting of health care
professional education. The research question thus focuses on
providing deeper understanding, insights, and explanations. The
main research question could be divided into three
sub-questions: (1) How does the quality improvement work in
health care professional education today? (2) How could this
process be changed using academic analytics, and (3) What
inputs are necessary to get the theory to work in practice.

The overall methodology follows the deductive case-study
approach [20] and devel ops aconceptual model [21]. Thedesign
was deduced to test the theory of the analytics loop (capture,
report, predict, act, refine; after [19]). The conceptual framework
has been used to explain key factorsin graphical form.

Strengths and Weaknesses

Case studies can be used to illustrate real problems and needs
and help us to identify gapsin processes. A clear limitation is
the potential to generate recommendations, solutions, or
generalizations recognized as normal in other contexts.

The case study method includes interviews and observations.
Responders included five teachers, two course designers, two
directors, and two coordinators during areview to improve the
quality of a masters' program in health informatics. Analysis
of thetext generated by the responders has been re-used to create
the conceptual model. The case in this study is considered a
middle-step to help us understand the needs and illustrate the

gaps.

Themain focusis on the creation of aconceptual model to test
the theory in general. The combination of the methods allows
us to close the loop and validate the outcomes.

Validation

The validation and empirical implementation of the study
includes three steps: (1) mapping of the actual quality
improvement process, (2) development of a case to illustrate
eventual benefits of Academic analytics, and (3) creation of a
conceptual model to identify the needed data.

The Case Study

A teacher suspects gapsin the curriculum of acourse and wants
toimproveitsquality by adding anew type of teaching activity.
What isthe current practice, and how would this scenario change
after using analytics?

Results

The first two sections summarize observations from the
responders’ interviews, and describe challenges and the current
quality improvement processes. The third section summarizes
how the different analytics solutions can be used in this
particular case. Thelast section describes how the theory works.

http://mededu.jmir.org/2015/2/e11/
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The Challenges and the Request of Constant
Improvements

The educational program managers and faculty face two kinds
of challenges which require constant curricular changes and
improvements.

Thefirst challenge pertains to the course content. The syllabus
isinfluenced by recommendations of the International Medical
Informatics Association [22]. However, the field of health
informatics is continuously changing and growing; new
techniques, aspects, theories, and solutions emerge constantly,
and teachers have to renew the teaching material and course
curriculaannually. During this reform, according to DaRosa &
Bell [6], we consider the curriculum to be a product. This
improvement istime-consuming but relatively easy. The faculty
arefamiliar with the new knowledge; they havetimeto prepare
the material and the examination typeis easy to define. Eventual
success or failureis easy to measure.

The second, and greater challenge, is to improve and adapt the
methods to provide this content. According to DaRosa & Bell
[6] the curriculum is now a process. The focusis to engage the
students to be active participants and not passive recipients of
prescribed knowledge. The students in this masters’ program
arealready practitionersintheir field; either computer engineers
or health care professionals. The program instructors use
different teaching approaches (case projects, group-work,
team-based |learning) rooted in different learning theories, like
constructivism, experiential-based learning, and connectivism.
They constantly try to improve the course, which proves to be
demanding work. The achievements or objectives are more
generic in nature (problem-solving ability, engagement in
personal learning, critical thinking), the examination is
sometimes unclear, and there are no pre-defined measurements
of success or failure.

TheCurrent Quality Improvement Processin Different
Levels

During course development, coordinators have to define,
re-define, or improve the course content; choose appropriate
teaching activities; and follow policies and recommendations.
During this phase, they work in close collaboration with other
teachers, instructors, course designers, and program managers,
and they have accessto other expertsfrom the department. Some
instructors are willing to test and implement new pedagogical
approachesintheir sections, like theflipped classroom approach,
gamification, or simulation. They can always share ideas and
experiences and get feedback, but they admit that sometimes
they rely only on a“gut feeling,” especialy in the case of new
implementations. Whilethe courseisin on, the coordinators
again haveto trust this“ gut feeling” in the hope that everything
will turn out well.

The students give their feedback through a Web-survey after
the course ends. The feedback pertainsto the alignment between
the course objectives, teaching activities, and supporting learning
materials, as well as with other courses in the program, and
communication and collaboration with other students and
teachers.
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The course coordinators compile and send afinal report of the
survey resultsto the program management. Thisreport includes
the coordinators' own reflection of the results and plans for
future changes and improvements.

The program director, students, and teachers convene once a
year to conduct a SWOT-analysis (Strengths, Weaknesses,
Opportunities, and Threats), which leads to an action plan for
the following year. The program director introduces this action
plan to the program committee and the board of education.

The board of education closes the loop by sending feedback to
the program director and faculty, which the course coordinators
consider during course devel opment.

How Analytics Can Change This Scenario

In this scenario, we can identify all the different dimensions
described (in section 1.2). Before the course starts and during
the preparation stage, the course coordinators can use curriculum
mapping toolsto identify the gaps precisely. They can get insight
into what kind of learning objectives are not properly supported
by teaching or learning activities. They need suggestions for
new appropriate and motivational teaching activitiesto add into
the schedule. Furthermore, through other analytics tools, they
can analyze the class and predict their needs. Examplesinclude
student demographics, previous performance, approaches to
learning, the blend of technology used, and group dynamics.
Thiskind of datacan be processed by arange of algorithmsand
predictive modelsto devel op the probable characteristics of the
class[23].

Inthe next step, other visualization tools can provide alternative
suggestions for designing appropriate activities to fit this

Figure 2. Analytics-driven quality management framework.
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particular class and demonstrate the effects of each. The
coordinator can monitor the activities and progress during the
ongoing course. They can zoom in and out from the entire class
to one working group or one student. They can also follow the
progress of the generated social networks. They can calculate
the general engagement and i dentify studentsat risk. In an open
platform, they can also compare current analyticsfrom thisclass
with other, anonymized datasets within the same educational
program, from other faculty, or even from similar courses in
other universities [23].

Theresults and experiences generated by the course can be used
to build up the knowl edge database with evidence about different
pedagogical interventions. This can assist in contextualizing
the Policy and Environmental analytics within the organization
(department or university) and be a key part of the quality
improvement and academic research.

How the Theory Can Work With the Existing Data

Analytics Loop Step 1: Capture

We had access to a collection of large and complex datasets
which we will call “big-data’. In this context, “big” refers to
complexity rather than volume. Examples of big-data include:
demographics, admissions, syllabuses, curricula, course
evaluations, teacher’s reflections, students' performances, and
logs (see column 1, Figure 2). Theincluded systems collect and
store moredataon adaily basis. Examples of systemsare course
administrative systems, learning management systems,
curriculum mapping systems, and student performance reporting
systems (see column 2, Figure 2).
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Analytics Loop Step 2: Report

Different types of data are collected: numeric, text, statistics,
structured, metrics, and values. Using different analytics tools
[24,25], the data is processed (see column 3, in Figure 2) and
transformed into metrics or parameters (eg, Boolean operators:
True/False (see column 4, Figure 2)).

Analytics Loop Step 3: Predict

The challenge here is not lack of data, but synthesis and
interpretation. Other analytics research projects have focused
on data collection and its processes (eg, tracking mobile data
and the use of standards[26]), or on data processing techniques

(eg, data mining [27], and better reporting or presentation (eg,
Visual analytics[28]).

Our focus is on the synthesis and decision support. This
synthesis includes three main steps: The creation of SMART
(Specific, Measurable, Achievable, Relevant, and Time-bound)
quality indicators, transformation of the analyzed data into
meaningful information, and presentation of the correlation
between the nodes (column 5, in Figure 2).

The creation of quality indicatorsisthe key step in this model.
Someindicators are simple (eg, more than 75% of students have
done one exercise before the deadline). It's easy to identify the
supported data and easy to check. However other indicators are
complex (eg, the students are engaged in their studies, the
students are devel oping a professional attitude, or the courseis
linked to relevant research.)

The next step isidentifying the necessary parameters or metrics.
Theanalyticstools (see column 3, Figure 2) processall captured
data and all parameters/metrics and eventua correlations
between them (see column 4, Figure 2). The challenge is to
select the most important of these. The importance or need for
specific entities depends on the quality indicator which can
change from case to case. The context (eg, the class size or
education level) determines whether a metric is relevant.

Thelast step before making a recommendation can be done by
visualizing or highlighting correlations or causalities (or lack
thereof) between the chosen metrics.

The most important factor in this data transformation isfirst to
inform and further to support decisions by setting a clear and
specific context. Data or metrics, correlations between them,
and eventual conclusions and recommendations are relevant or
not depending on the context.

Analytics Loop Sep 4: Act

The goal of any analytics project is actions based on
data-supported decisions. The decision-making process however

http://mededu.jmir.org/2015/2/e11/
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is sensitive and complex (see column 6, Figure 2). Even if the
evidence, analysis, and data are enough to convince and support
one decision, the decision makers may act differently. This
inconsi stency depends on anumber of factors, including context,
needs, economy, resources, climate, policies, ecosystem, and
circumstances.

Analytics Loop Sep 5: Refine
Evaluation of the analytics process can provide valuable
feedback. This new data and evidence can lead to correction
and modification of the analytics loop. Evaluation of the
implemented actions and interventions create new data, which
can lead to better suggestions and recommendations.

Discussion

Principal Findings

This study develops a conceptual framework to describe how
analytics can support the decision making process and improve
the quality of health care professional education. The starting
point was to follow the steps of the analytics loop, to examine
how it works and illustrate the challenges. We can read this
model in both directions.

Data-Driven Analytics Approach

Reading from the I eft to the right, the framework describes the
common and traditional data-driven analytics approach, which
is more meaningful to expertsin the data-mining area. It starts
from the data and ends at the decision. According to this
approach, we start the loop capturing as much data as possible
and then pushiit through the steps. The main focusison the data
and the techniques to collect, store, clean, secure, transfer,
process, and access the data. In the next step of reporting, a
large amount of datais an asset. The more data we put in, the
better reports we get out. However, processing such large
datasets also presents a challenge, requiring more advanced
mining techniques and more powerful computers, tools, and
software. To make sense of all this data, calculate al trends,
and investigate al possible correlations is a demanding task.
Educational data-mining (see column 3, Figure 3) is clear just
to expertsin the data-mining area, a drawback of the approach.
Results from the analytics engine might be accurate, precise,
and based on evidence, but still remain just suggestions.
Sometimes the decision makers, because of unknown
circumstances, don't accept the recommendations and act
differently. In this data-driven approach, decision support (see
column 6, Figure 3) islikeablack box, and the processeswithin
it are unknown. According to the analyticsloop, thelast stepis
to start al over again with more data.
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Figure 3. The data-driven analytics approach.

Hervatis et al

The data-driven analytics approach

-

1 CAPTURE

R

Policies
Regulations

2 REPORT

>

3 PREDICT

4 ACT

Sense-making Actionable

Strategies
N~—"
Manually
collected
data
N N
Inspection
report -
feedback B I G Educational
Data
- Mini
Curricula (Unstructured) ning
Invetory DATA

Demographic
data

Admission
data

Alumni data

AIED

N

Extend Data Systems in use Analytics Tools

Context- or Need-Driven Analytics Approach

We can aso read the model from the right to the left. The
framework describes a new analytics approach that we can call
context- or need-driven analytics. Thisapproach ismore suitable
for non-technical oriented educators and decision makers (like
faculty in health care professiona education). The approach
starts from the need for a decision, and goes through analysis
of relevant data. Quality improvements, decisions, and actions
(see column 6, Figure 4) must be crystal clear. All details are
important: the stakeholders, the context, special needs, financial
limits, access to resources, organizational climate, existing
policies, technologica ecosystem, timing, and other
circumstances which affect the decisions. The outcomes from
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Decision support

this analysis are the request of specific information to support
a decision or micro-decisions. This relevant and specific
information results from synthesis of carefully selected and
specific data. These data are selected, processed, calculated,
compared, mined, and operated by analyticstools using specific
mining techniques. The analytics engine contains other
integrated mechanisms and specialized agents to identify
systems producing the data or repositories containing the data.
Thistime we pull the data and processes from educational data
mining (see column 3, Figure 4), which islike a black box for
this group of users. The last steps of the analytics loop either
refine the data to answer the primary question, or generate a
more specific question to restart the analytics process.
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Figure 4. The Context- or need-driven analytics approach.
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Big data alone, even lots of it, may become cumbersome and
demanding to manipulate, hence weighing down processes
intended to achieve beneficia results.

Although effort and time can be conserved at the onset of
adopting a context- or need-driven approach (ie, by eliminating
options deemed unsuitable based on contextual standpoints),
thevery nature of this approach demands specifics. This presents
the likelihood of missing possible underlying problems
overlooked by the user, which surfaced in trends detected from
optimized data-driven strategic approaches.

The context- or need-driven approach can serve to identify
specific areas of concern, but it cannot function with a dearth
of big data. Optimized data-driven strategic approaches can
help driveroot-cause analysistoidentify all possibleinteractions
within the system that could contribute to areas of concern.

Analysing the Use Case From the Context- or
Need-Driven Approach

The scenario of the use case is the same as before; a course
coordinator identifies a gap in the curriculum and asks for
support to choose proper learning activities for this group. The
coordinator starts from column 6 in Figure 4 and takes into
account all the circumstances (context, special needs, financial
limits, available resources, existing policies and organizational
climate, technological ecosystem, timing, and al other
parameters) that can affect the decisions. After this primary
analysis, some suggestions would be excluded to save effort
and time (eg, activities for which we don’'t have money to buy
equipment). The creation of clear and concrete quality indicators
inthe next step (see column 5, Figure 4) isimportant, especially
when some indicators are compound and complex. Quality
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indicators include: which of the suggested teaching activities
engage the students in their studies, and which activities help
students to develop a professional attitude.

Column 4 in Figure 4 contains specific and carefully selected
metrics or parameters (eg, numeric data or Boolean operators:
True/False) that are necessary and directly connected to the
quality indicators.

The biggest challenge in this approach is the development of
tools, mechanisms, operators, and agents that can recognize,
select, pull, and processthe relevant datato support the creation
of those parameters (see column 3, Figure 4).

Columns 1 and 2 are the same as before, but indexing,
structuring, and standardizing all data before storing it could
facilitate the process.

Knowledge Transfer From Other Areas

Supporting decisions by data and evidence has been used in
other application domains in the past. Some Clinical Decision
Support Systems (CDSS) use these principles (ie, comparing
specific selected parameters from oneindividual patient against
standards). Medical doctors and other health care professionals
use this kind of (CDSS) systems to determine a diagnosis or
choose a treatment.

Using the same metaphor asthe previous use case, teachers and
course designers can check the qualitative health of a course,
identify problems, suggest appropriate treatment, and monitor
the progress. We can observe some characteristics of the CDSS
and learn some lessons.

These systems are extremely precise but also highly specific
and specialized for just one or alimited number of purpose(s).
Universally applicable systemswhich can diagnose al possible
diseases do not exist.
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Such systems access and process only specific data sets, leaving
out redundant ones.

The essential power of these systems is to clarify
incomprehensible data sets, and in this way, support decisions.

The Scientific Value and the Practical Use of This
Study

One challenge when trying to connect analytics and education
is to communicate issues and theories concerning one area to
specialists and experts from the other. Case studies and
conceptual model s have been used successfully for this purpose.
In general, a case allows us to apply an idea or theory to a
particular context and to test it from different points of view.

The case we have used illustrates a rea problem. A clear
limitation of using the case studies as amethod isthe ability to
make generalizations. The challenges and process are specific
only for the involved personnel. Any recommendations and
solutions for the particular case do not apply in other contexts.
We used the case to understand the practical use of analytics
and illustrate the communication problems between experts
from the areas of analytics and education.

The conceptual model demonstrates how the theory of the
analytics loop can be applied to both the data-driven analytics
approach and the context- or need-driven analytics approach
with respect to each groups’ terms and conditions. The model
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alsoidentifiesthe challenges. A different approach might result
in different recommendations.

Conclusions

All parts of the analyticsloop [19] can be conceptualized both
in theory and practice. Decisions that improve the quality of
education can be driven by synthesizing existing data rather
than acquiring more data. Data can be transformed to
information when it has been contextualized. Analytics projects
do not always have to follow the traditional linear data-driven
approach. The context has high impact on the decision making
process. The context- or need-driven analytics approach
emphasizesinclusion of all necessary detailsand ismore suitable
for non-technically oriented users.

Beyond recognizing the promise and potentia of new
technologies, mapping how ICT (analytics) and ICT-based
learning (education) fit in the design and implementation of
health care professional’s education remains avital task which,
as seen from Figure 2, lies within the middle columns, away
from the extremities.

Hence, in the best interests of both the students and the
organization, these two approaches should ideally co-exist and
function in tandem. Instead of dichotomizing our choices, we
should explore the middle ground.
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