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LearnENT, an educational app for i0OS, was developed to promote a standardized experience otolaryngology in head and
neck surgery (OTOHNS) for University of Ottawa medical students. Its development was grounded in pedagogical theory
including Laurillard’s design process, Honey and Mumford’s learning styles, and Nielsen’s theory of usability. This paper examines
LearnENT’s design and development processes as well as the role of mobile apps in medical education. Features of the LearnENT
app as they apply to Constructivist learning are also highlighted.

1. Introduction

The Constructivist Theory of Learning (CTL) states that
learning is improved when the learner is engaged, the
material is relevant to the task, and the learner chooses how
and when to learn [1]. Electronic learning (e-learning) has
been shown to be a viable modality to address CTL when
pedagogically sound instructional design is utilized.

Undergraduate medical education in otolaryngology and
head and neck Surgery (OTOHNS) is highly variable [2]
in Canadian medical schools. At the University of Ottawa,
the duration of the undergraduate clerkship rotation in
otolaryngology is one week. To help provide a standardized
OTOHNS exposure and to emphasize key objectives to
students in their clerkship at the University of Ottawa,
LearnENT, a mobile (Apple iOS-based) application was
developed.

This paper will focus on the pedagogical and technologi-
cal aspects of the development of LearnENT and the reasons
behind several of the app’s major features.

2. Methods

The development of LearnENT was guided by Laurillard’s
learning design process (3, 4], (Figure 1).

(1) Determination of Blueprint. Campisi describes five core
clerkship goals for OTOHNS (Table 1) [2]. Combined with a
review of the established OTOHNS clerkship objectives at the
University of Ottawa, two primary goals for the LearnENT
app were established:

(a) provide the student with the ability to learn/review
the pertinent OTOHNS physical exam skills prior to
beginning their clinical rotation in Otolaryngology
(allowing them to gain the most of their experience
during this short rotation);

(b) expose the student to interactive clinical cases repre-
senting common and/or life threatening conditions
in OTOHNS to ensure a standardized exposure to
these conditions for all students.

(2) Choice of Platform. The Apple iOS platform (iPhone,
iPad, and iPod Touch) was chosen primarily because it has
been widely adopted throughout the world; with more than
200 million devices sold, it is the leading mobile operating
system [5]. The medical community has also embraced iOS:
a 2011 survey of 2,041 American physicians reported that
75% owned at least one iOS device, while 28% planned to
purchase an iPad within 6 months [6, 7]. Other benefits
to i0S include its mature software development kit, flexible
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TaBLE 1: Core clerkship objectives (from Campisi et al.).
Core clerkship goals

Demonstrate the ability to obtain a complete otolaryngology
history.

Be able to perform a complete otolaryngology physical
examination and be able to arrive at a tentative diagnosis.

Be able to differentiate between life-threatening, serious, and
minor conditions.

Recognize the necessity to refer to otolaryngology specialists.

Be conversant with various investigative and treatment
modalities used in otolaryngology.

language [8], high degree of interactivity, and relative lack of
platform fragmentation [9, 10].

(3) Coding. The iOS application was coded in the Objective-
C language using Apple Xcode 4.2

(4) Feature Development. Content was formatted into text,
illustrations, photos, and video. Special features include a
“My Notes” section, interactive case studies, and a credit-
based investigations section that encourages responsible
utilization of resources. Many features will be discussed in
detail below.

(5) Testing. Beta testing was performed by the authors and
several colleagues. One focus group session (composed of 20
first and second year medical students at the University of
Ottawa) was performed to assess the students’ needs as well

as the app’s core functionality and usability. A near-compete
version of the app was then reviewed for content errors by
the three senior authors before deployment.

(6) Deploying. The app will be distributed free of charge on
the iOS App Store.

(7) Evaluating. Usage data will be collected anonymously
using preexisting APIs and stored on a central server. User
opinion will be gauged through an in-app evaluation. Exter-
nal peer-review will be sought. Follow-up studies will be
performed to assess user experience and learning outcomes.
This assessment process will be discussed in detail below.

3. Discussion

3.1. Benefits of eLearning. eLearning has become extremely
prevalent in North American Medical Schools: a recent
survey found that 97% offers online course materials [11].
Many institutions, including the University of Ottawa, have
enjoyed significant success employing tools such as podcasts
for undergraduate medical instruction. Using pre- and post-
tests to assess performance, Barrett and colleagues showed
that students who listened to a single podcast about cardiac
murmurs showed dramatic improvement in heart sound
recognition [12].

3.2. The Evolution of eLearning: From Desktop to Mobile.
Online learning is a portable tool that allows the student
to meet the elements of the CTL. However, accessibility
of online learning can be compromised in locations where
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Figure 2: Worldwide smartphone sales (in millions).

learners do not have internet connectivity, for example
during a daily commute. A 2008 survey of medical residents
at Dalhousie University found that 89% owned a personal
digital assistant (PDA) [13]. Similarly, smartphone sales have
grown exponentially since 2008, [14, 15] (Figure 2). Addi-
tionally, of the 70% of physicians who own a smartphone,
95% downloads medical applications (apps) [16]. Due to the
high penetration of smartphones in the medical world, it was
appropriate to publish our eLearning modules as mobile app.
While over 425,000 apps [5] (including 5,000 medical apps)
have been published to the Apple App Store to date, not one
has been geared towards medical professionals and trainees
in OTOHNS.

3.3. User Experience. Nielsen described the 5 attributes of
usability as being learnability (the user should be able
to reach “a reasonable level of usage proficiency within
a short time”), efficiency (“once the user has learned the
system, a high level of productivity [should be] possible”),
memorability (the user should remember how to use the
app “based on previous learning”), errors (the user should
make few and “noncatastrophic” errors and should be able to
easily recover from any errors they do make), and satisfaction
(the end user should be satisfied with the application and
its functions) [17]. Table 2 illustrates how LearnENT applies
Nielsen’s core principles of usability.

3.4. Educational Design. In order to develop any form of
pedagogical tool, an understanding of learning theory and
how it can be applied to one’s field is paramount. This
section will discuss basic pedagogical theory as it pertains to
LearnENT.

3.4.1. Learning Styles. Honey and Mumford developed a
learning theory that describes 4 learning styles: the reflector,
the theorist, the pragmatist, and the activist (Appendix A)

TABLE 2: LearnENT’s approach to Nielsen’s attributes of learnability.

Our Ul is unique but acts similarly to iOS’

Ié(earnablhty standard Ul, making it immediately familiar. All
Memorabilit custom elements are introduced and explained
Y the first time the user encounters them.
All features can be accessed from the home page.
Efficiency Each module can be done a few minutes at a time
w/o losing the user’s progress.
Auto-save & auto-backup (through
Errors iTunes/iCloud). Undo/Redo capability when
entering text.
LearnENT is a living entity. Feedback received
Satisfaction  through in-app evaluation and reviews will be

used for improving the app (free updates).

UI: User Interface.

Inspection
Positioning
Head
Hair

FIGURE 3: Video examples allow visual learners to develop their
physical examination skills.

[18, 19]. By using multiple teaching modalities, LearnENT
attempts to cater to learners of any style. For the more
deliberate/reflective learners (i.e., “reflectors” & “theorists”)
LearnENT provides directed, step-by-step learning modules
that can be completed at the learner’s preferred pace. A
detailed list of recommended references is also provided at
the end of each module. For those who learn better through
active experimentation (i.e., “activists” & “pragmatists”)
LearnENT offers features such as video tutorials (Figure 3),
interactive activities and case-based learning modules.

3.4.2. Universal Principles. Although LearnENT makes use
of several different teaching modalities, each section of the
app was developed in keeping with the following guiding
principles. First, training modules should not be static, as
efficient learning requires practice, feedback, and guidance
[20]. Learners are also more likely to be motivated and
engaged by training that is challenging and goal oriented
[21]. Perhaps most importantly, LearnENT offers a highly
interactive user experience (Figures 4 and 5(b)). A high
degree of interactivity not only engages the user but also
results in deeper learning as it allows the user to “hypothesize
to test their understanding, learn by mistakes and make sense
of the unexpected” [22].
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FIGURE 5: (a) Part of a short, interactive tutorial that automatically appears the first time the app is launched. (b) clear instructions for one

highly interactive quiz.

3.4.3. Case Simulations. Case-based simulations foster crit-
ical thinking [23], decision making skills [24], and clinical
confidence [25]. LearnENT offers realistic, interactive cases
that allow the user to develop clinical reasoning skills in a
safe environment.

3.4.4. Ease of Use. In order to quickly introduce users
to LearnENT’s various features, visually pleasing graphic
overlays were designed (Figures 5(a) and 5(b)).

Interspersed within the app are short, relevant blocks
of content that may serve to increase learner productivity
and knowledge retention. In each physical exam section,
helpful suggestions are highlighted through the use of easily
identifiable tip boxes (Figure 7(a)).

These overlays are context dependent and appear the
first time users access a novel feature. They are designed
to visually introduce the user to the feature in a manner
that is easy to understand and does not force them to read

paragraphs of explanatory text. Due to the nature of context-
dependent help screens, the user is no longer tethered to a
printed instructional manual and is automatically presented
with the appropriate help screen whenever applicable.

3.4.5. Quick Access to Reliable, Relevant Information. Lear-
nENT uses a simple and organized user interface to provide
quick and easy access to the information within the app.
Users with specific queries may use LearnENT’s app-wide
search option to locate all sections containing a certain
keyword (Figure 6).

Similarly, urgent clinical information is emphasized
through the use of red emergency boxes (Figure 7(b)). In
each anatomy review section, short clinical vignettes help
to correlate the basic anatomy with the pathophysiology
of common OTOHNS diseases. Finally, each section also
features a short list of common mistakes that new learners
may make while performing the physical exam (Figure 8).
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FIGURE 6: Easily search for key topics using LearnENT’s custom search engine.
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the distance between the two. Repeat
on the opposite side and compare
distances; they should be nearly identical.

The neck should always be

e palpated while in a neutral
position. The physical exam is
much less sensitive if the neck
is in flexion or extension.

Palpate the Lymph Nodes

1. Using the pads of your index and
middle fingers, firmly (but gently)
apply pressure in a circular motion
over the 10 sets of lymph nodes in the
neck.

N

. Systematically palpate the
preauricular nodes, the posterior
auricular nodes, the occipital nodes,
the posterior cervical chain, the

Head And

Ay O ou o o .
Bruits in this area are indicative of
carotid stenosis.
2. Still using the diaphragm, auscultate
over the thyroid. A thyroid bruit may
be a sign of increased blood flow and is
sometimes found in hyperthyroidism.

If a carotid bruit is heard, do
not palpate the carotid artery.
If this is a new finding, further

investigations (e.g.: ultrasound)
are warranted to determine the
cause of the bruit.

Palpation

Palpate the Neck

1. Position yourself behind the seated
patient and palpate the neck with the
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FiGure 7: Tip boxes (a) And emergency boxes (b) Stand out from the text and highlight important clinical pearls.

To further facilitate learning, users can easily look up
the definition of most words using the built-in dictionary as
shown in Figure 9. By allowing the user to define unfamiliar
words without leaving LearnENT, we not only create a more
immersive and engaging experience for the user but also save
the user valuable time in the process.

3.4.6. “My Notes”. The process of note taking has been
repeatedly shown to increase the effectiveness and transfer of
learning [26, 27] and results in better academic achievement
[28]. LearnENT’s novel “My Notes” feature (Figure 10) can
be immediately accessed from nearly every page in the app,
allowing learners to easily take notes without losing their
progress. Furthermore, all notes can be effortlessly printed
or emailed without having to leave the app.

3.4.7. “Investigations”. Diagnostic tests are often overused in
modern medicine: one study found that “65% of laboratory
tests, 11% of CXRs, and 26% of nursing services could not be
justified” [29]. This may be a function of physicians’ limited

knowledge of diagnostic test cost. Innes and colleagues
showed that the mean error of ED physicians’ cost estimates
was 40% for imaging studies and 153% for laboratory tests
[30] while a separate study found that posting the cost at
point of care reduced test utilization by 10-15% [31].

Every case-based module in LearnENT features an inno-
vative “Investigations” section (Figure 11) that was designed
to encourage careful and appropriate use of such tests. Each
test has been assigned a fictional value (in “credits”) that is
determined based on its real world cost, risk, and availability.
For added realism, a large assortment of tests is available in
each case, many of them unnecessary for the current patient.
The learner’s decisions are recorded and specific, targeted
feedback is given at the end of each case.

4. Future Directions

4.1. Objective Assessment. Although LearnENT has already
undergone significant beta testing, the next phase involves
more extensive review. Evaluating how, when, where and why
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TasLE 3: Evaluation rubric for iPod Apps by Harry Walker. Reproduced with permission.
Domain 1 2 3 4
Skill(s) reinforced in the  Skill(s) reinforced are . . . .
Curriculum app ;r)e not clearly preréq)uisite or Skill(s) reinforced are Skill(s) reinforced are
connection connected to the foundation skills for the Zle(lflllt Z(i tccc)):clz tilrgeted i;rroreltg:é’ gl(zirlllncfftce:ntc(; t}t1e
targeted skill or concept  targeted skill or concept P 8 P
Skills are practiced in a Skills are practiced in a Some aspects of the app Targeted skill§ are practiced
Authenticity rote or isolated fashion contrived are presgnted an in an authentic
(e.g., flashcards) game/simulation format authentic learning format/problem-based
o environment learning environment
C Feedback is specific and Feedback is specific and
Feedback is limited to fgfiﬁ;tsl: (l)lfrrslgle:lle';ot results in improved results in improved student
Feedback correctness of student responses and mav allow student performance performance; Data is
responses forps tudent to tr Z ain (may include tutorial available electronically to
yas aids) student and teacher
App offers no flexibility App qffers limited App offers more than App offers complete
. - . flexibility (e.g., few levels  one degree of flexibility e .
Differentiation (settings cannot be . . . flexibility to alter settings to
such as easy, medium, to adjust settings to meet
altered) meet student needs

hard)

student needs

User friendliness

Students need constant
teacher supervision in
order to use the app

Students need to have
the teacher review how
to the use the app on
more than one occasion

Students need to have
the teacher review how
to the use the app

Students can launch and
navigate within the app
independently

Student motivation

Students avoid the use of
the app or complain
when the app is assigned
by the teacher

Students view the app as
“more schoolwork” and
may be off-task when
directed by the teacher
to use the app

Students will use the app
as directed by the teacher

Students are highly
motivated to use the app
and select it as their first
choice from a selection of
related choices of apps

Ear Exam More

Challenges - Ear

mmon Mistakes i

Don't fear the otoscope! Many
learners and physicians are afraid

of inserting the otoscope too far or
of moving it around once it is in the ear. It
is important to make sure that you see
what you need to. If you need a different
angle, slowly redirect your gaze the
direction you want to see, then gently
move the otoscope in that direction. As
you advance your otoscope you should
always see a lumen. Keep directing your
speculum towards the lumen and advance
as far as possible to see the TM. If you still
aren't seeing it properly or are having
troubles aligning, try pulling out of the ear
and trying again!

PR ATeavi  hesr e ety

Ficure 8: Common mistake sections highlight common learner
challenges for each facet of the OTOHNS physical exam.

students use the app will be paramount as we attempt to
elucidate the role of future apps in the educational realm
[32].

Using existing technologies such as TestFlight and Flurry
Analytics, we are able to develop a valuable understanding of
how users interact with LearnENT. First, we will determine

adoption and retention rates using statistics such as number
of new and returning users, as well as session length and
frequency of use. As it is free and easily available, we
expect LearnENT to have a high adoption rate. We will be
more interested; however, in the retention rate, as well as
session frequency and length which will allow us to infer
the users’ opinions of the app’s value. Additionally, we will
track each section individually, allowing us to determine
which sections are the most and least popular. This data
will potentially allow us to extrapolate the preferred learning
styles of our users, which will be used in the development of
future material. Finally, user demographics such as country
of origin can be used to create targeted content, including
multilingual versions of the app. To allay privacy concerns,
it is important to note that all usage data is collected
anonymously, and data can only be viewed at the population
level. No identifying information will ever be collected
without the express permission of the user.

A rubric developed by Harry Walker at Johns Hopkins
University [33] objectively measures the educational quality
of iPod apps based on 6 domains (Table 3). While this rubric
was initially developed for apps targeted at grade-school
students, we plan to make minor modifications that will
make it relevant to apps geared at medical professionals.
Using the modified rubric, Canadian medical educators
(including several from uOttawa’s Academy for Innovation
in Medical Education) will be asked to objectively grade
LearnENT. The modified rubric will be made publically
available to all app developers.
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seems to deviate, ask the patient to
move their tongue around rapidly in
all directions. Failure to do so may be a
sign of neuromuscular weakness.

~

. If you suspect ankyloglossia (“Tongue
Tie"), measure the distance that the
patient & i
past t

o

tongue, as well a® the lateral and
ventral surfaces. Note the color and the
moisture of the tongue. Inspect for any
changes in pigmentation or texture of
the tongue. If present, remark any
fissuring of the tongue (aka scrotal
tongue, a normal variation; 5%).

-

. If present, note any lesions such as
masses, varices, ulcerations or
candidiasis  (thrush). As always

r? Does it
make it 2 " Re? I I
Inspect the Horsal surface of the DERIVATIVES

Dictionary Done
_

dor-sal | dorsol

adjective Anatomy, Zoology, & Botany

of, on, or relating to the upper side or
back of an animal, plant, or organ: a
dorsal view of the body | the dorsal aorta .
Compare with VENTRAL

doresal-ly adverb

ORIGIN late Middle English: from late
Latin dorsalis, from Latin dorsum
‘back.’

FIGURE 9: Built-in dictionary allows the user to quickly define unfamiliar words terminology without the hassle of leaving the app.

My Notes

- Vertigo = the illusion of rotational,
linear or tilting movement of
self or the environment

- Indications for antibiotics in AOM:
- Fever > 39 degrees celsius
- Fever lasting > 48-72 hrs
- TM perforation (oforrhea)

- Chronic Sinusitis = >3 months

Print E-mail Save and Exit

FiGgure 10: “My Notes” section allows users to save, print, and email
notes without exiting the app.

4.2. Subjective Assessment. Students’ insights into the roles of
apps in their educational progress and outcomes will allow
us, as well as future developers, to continue to create valuable
educational tools in the future. This insight will be gathered
through LearnENT’s in-app evaluation form, as well as
through organized surveys of Canadian medical students,
press reviews, and App Store ratings. Finally, the app will
undergo peer-review by external experts, including members
of the Canadian Society of Otolaryngology’s Undergraduate
Medical Education Working Group.

4.3. Content Creation. Educational content should be tai-
lored to the “learners’ perceived needs” and “address
unrecognized deficits” [34]. When original content was
determined, the focus was primarily on the learners’ needs
and deficits that were identified by members of the OTOHNS
faculty at the University of Ottawa, as well as the primary
clerkship objectives listed in Table 1. The objective and

Test Yourseli  Dx Tests Avail...

Cost: 200 Credits
lf’erform_Tympanometry >
DPA)OEV- ‘I‘i‘e‘sults >
Review these results for free

Perform CBC (Complete Bloo...
Cost: 10 Credits

Perform Pneumatic Otoscopy >
Cost: 50 Credits

Perfqrm Blood culture N
I;erfo:'r;\ (gt;ndard Lytes N
Cost: 10 Credits

PTT/INR - Results N
F;erformFl;xible Nasolaryngo...

Credits used: 225 Go to Next Section

FiGure 11: “Investigations” sections promote careful and appropri-
ate use of diagnostic tests.

subjective data gathered in the assessment phase will allow us
to more accurately gauge the needs of the users and develop
future materials accordingly.

4.4. Continued Innovation. As previously discussed, an
appropriate level of challenge is a crucial component of
learning modules. Future directions could include a novel
form of case-based module that dynamically adjusts its diffi-
culty level as a function of the user’s real-time performance.
Additionally, future cases could support multiple outcomes
(i.e., the learner’s decisions affect the outcome) as these have
been found to promote the ability to adapt to a wide variety
of situations [35], a trait that is highly valued in medicine.

4.5. Increased Accessibility. To ensure equality for all medical
students, it is our goal to make LearnENT’s content available
online. The content could be incorporated into an ecosystem
that would centralize OTOHNS learning resources and



promote collaboration between OTOHNS educators across
Canada. As with LearnENT for iOS, all content shared within
the LearnENT ecosystem would be freely available to all
medical students internationally.

5. Conclusion

When combined with good instructional design, eLearning
can provide a learner the opportunity to engage in con-
structivist learning. LearnENT is an iOS app developed for
medical students in OTOHNS. Its development was based
on peer-reviewed pedagogical theories such as Laurillard’s
design process, Honey & Mumford’s learning styles and
Nielsen’s theory of learnability. To promote user friendliness,
LearnENT offers a unique but intuitive user interface,
simple tutorials, and timely help dialogs. To adequately
engage users of all learning types, the app features content
ranging from the traditional (simples text-based learning
modules and links to peer-reviewed references) to the cutting
edge (instructional movies, as well as interactive quizzes
and modules that offer timely feedback). Potential user
benefits include increased portability, fast and convenient
access to reliable information, and improved retention of
knowledge. While reviews from early beta testers have been
overwhelmingly positive, plans are in place to perform
further subjective and objective assessment. This will allow
us to analyze the implementation phase and perform a
quantitative and qualitative review on how learners utilize
LearnENT. This data will help us, as well as other developers
to continue to create relevant, accessible, and engaging apps
for medical students, residents, and professionals alike.
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