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Abstract
The use of educational mobile applications (EMAs) to enhance student learning experience is gaining considerable interest across
college campuses in the United States (U.S). Some EMAs are more commendable than others because of their ability to effectively help
students study lecture materials, learn new concepts, prepare for exams, and improve their overall academic performance. The aim of
this commentary is to highlight the major EMAs currently available to pharmacy students, while addressing the similarities and
differences between them.
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Introduction
In 2016, the U.S. corporate and academic e-learning sector
was estimated to be a nearly $27 billion industry.1 This sector’s
growth has been sustained by the expansion of e-learning
tools, such as educational mobile applications (EMAs), virtual
classrooms, simulation tools, and management system
applications. These tools continue to gain popularity among
computer and mobile phone users, offering ease of access to
information, animated contents, simplistic usability, and
interactive platforms.1 In the academic sector, e-learning tools
using the flashcard approach appear to be effective for
improving learner recall of didactic information. A recent study
with medical students revealed a 91% recall accuracy during
quizzes when students used flashcards to prepare for quizzes
versus a 47% recall accuracy when other study method were
used.2 Quizlet is an example of flashcard-based EMA, which
offers more than two hundred fourteen million study sets on
topics ranging from beginning algebra, to history, to college
level econometrics.3
EMA, or mobile learning, is defined as learning facilitated by
mobile devices or the action of “combining individual learning
with anytime and anywhere learning”.4 The fact that EMAs are
highly popular among college students could be explained by
a recent study from Baylor University, which revealed that
nearly 60% of college students acknowledged being addicted
to their cellphone, and some indicated feeling agitated when
it is not in sight.5 Students spend between eight and ten hours
a day texting, sending emails, checking Facebook, surfing the
Internet, and listening to music.5 Cellphones and other mobile
devices are quickly replacing the lap-top or desk-top computer
as the preferred method of accessing the Internet.5 Given
their potential, flashcard-based EMAs will be the focus of this
commentary.
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The Use of EMAs in Pharmacy Education
The Accreditation Council for Pharmacy Education (ACPE)
requires that all pharmacy programs train their students to
become medication experts upon graduation. The required
expertise must be achieved by teaching students the
knowledge, skills, abilities, behaviors, and attitudes necessary
to provide patient-centered care.6 The preferred approach for
skill development at most pharmacy schools in the United
States (U.S.) include didactic courses, and introductory and
advanced pharmacy practice experiences.6 Thus, pharmacy
students are often required to process and memorize a high
volume of complex information in a relatively short period of
time, which can be challenging. The majority of courses taught
in these institutions use the traditional approach, also known
as direct instruction, which consists of explicit teaching
through
lectures
or
lecture
led-demonstration.7
Unfortunately, it is becoming more evident that the traditional
teaching approach no longer serves students effectively, as it
fails to capture their attention and engagement for a full
lecture period.8 Evidence suggests that students’ engagement
and learning of a particular topic may be significantly improved
when class activities are presented in a game format.9
Researchers at the University of Colorado Denver Business
School reported that students who played learning games
ended up with 11% higher factual knowledge, 14% higher skillbased knowledge, and 9% higher retention rate than those
who used other approaches. Players also developed 20%
higher self-efficacy rates than students not exposed to gamestyle learning.10 Therefore, EMAs may be a solution to
increasing students’ engagement and academic success at
pharmacy schools in the U.S.
In the past few years several flashcard-based EMAs focusing
on pharmacy education have been developed and are
available online free-of-charge or for purchase. An evaluation
of pharmacy education flashcard-based EMAs was conducted
on both android and iOS platforms and below are presented
the similarities and differences among five mobile
applications, which from the author’s stand point, show some
interesting features worth discussing. The flashcard-based
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EMAs described in this commentary all utilize, in one way or
another, the single answer multiple choice questions (SAMCQ)
format to assess student performance, except one.
Quizlet (Quizlet Inc., San Francisco, CA). Quizlet is a free
flashcard-based EMA, which offers in-app purchase options for
users interested in uploading their own images, obtaining
faster help from the support team, or using the application
without being interrupted by advertisement. Quizlet has
created a community of users in which every member can
utilize flashcards developed by other users of the community
or simply create his or her own. One unique feature that
Quizlet offers is the possibility for teachers to create flashcards
for their students using the Quizlet platform. Students can
then log into Quizlet and review the course material, in order
to prepare for exams. Flashcards covering a wide range of
pharmacy education topics, such as pharmacology,
therapeutics, and pharmaceutics, are currently available on
the Quizlet platform and can help students memorize
definitions, concepts, mechanisms of action, brand names or
generic names.3
NAPLEX Flashcards (BN Inc., Westminster, CA). NAPLEX
Flashcards is a free flashcard-based EMA, which offers an inapp purchase option for those interested in text-to-speech
technology, working offline, or customizing the text color and
background images of their flashcards. Unlike Quizlet, which is
primarily for general studies, NAPLEX flashcards’ primary focus
is to help students successfully pass the North American
Pharmacist Licensure Examination (NAPLEX) exam. As such,
more than 2900 flashcards have been premade to cover all
aspects of the exam ranging from management of care to
physiological adaptation and basic care and comfort. This EMA
tracks users study progress using the Leitner system and
provides detailed statistics on their progression. The Leitner
system is a simple implementation of spaced repetition, where
cards are re-reviewed at increasing time intervals.11 Users may
also set a schedule to review a certain number of flashcards in
a given time lapse.12
FlashRX – Top 250 Drugs (ClinCalc LLC, Arlington Heights, IL).
This is a paid flashcard- based EMA specially designed for
healthcare students and professionals interested in learning
the top 250 medications used in the outpatient setting. The list
of drugs used in this application originates from the most
commonly prescribed outpatient medications based on net
sales, total prescriptions, and unique or emerging therapeutic
classes.11 Similar to NAPLEX Flashcard, FlashRX also use the
Leitner system to track users’ progress. Furthermore, FlashRX
has some unique features, including a fully customizable card
option, the use of a selection algorithm that randomly
identifies distractors, and an audio pronunciation option for
brand and generic drug names. This application is well suited
for students interested in learning brand name, generic name,
drug class, indication, adverse effects and typical dosing.11
http://z.umn.edu/INNOVATIONS

Top 300 Drugs Brand (Brainscape, New York, NY). Unlike
FlashRX, Brainscape is a free flashcard-based EMA that allows
users to create, share, find and study premade flashcards. It
also includes an in-app purchase option for: users interested in
learning foreign languages, card reversibility, and flashcards
free of advertisement. Similar to Quizlet, Brainscape offers
flashcards that go beyond the field of pharmacy education,
including law, geography, and psychology. Like FlashRX, the
Brainscape Top 300 Drugs Brand are reflective of the top
selling medications in America.11 It uses an adaptive learning
algorithm called Confidence-Based Repetition to help students
learn faster and remember longer.13 This flashcards’ algorithm
repeats concepts in a pattern that is optimized to the user’s
pace. Here, cognitive science research findings regarding the
patterns of repetition, color, font style, social interactions,
breaks, sounds, humor, animations, achievements, and
rewards are used to maximize users’ brain speed of learning.14
Pharmacynary (SRG Learning LLC, Clinton, SC). Pharmacynary
is a free flashcard-based EMA that focuses on the top 300 most
prescribed brand name drugs in the U.S. Unlike the four
aforementioned flashcard-based EMAs, which use single
answer multiple choice questions (SAMCQ), Pharmacynary is
the only EMA that uses a modified version of the fill-in-theblank approach. Users are asked to find the correct answer to
each question by utilizing a series of randomly disposed
letters. In order to receive full credit, users have to first know
the correct answer and second be able to spell the answer
correctly.15 This approach offers the advantage of eliminating
the possibility of guessing an answer, thus assessing the user’s
true knowledge.16 In one study, when two groups of final year
dental students with similar levels of knowledge were
assessed, the group that completed fill-in-the-blank questions
performed worse than their counterpart who answered the
same questions in a SAMCQ format.16 Furthermore, when the
group that completed fill-in-the blank questions where given
the same questions in a SAMCQ, their score improved.16
Conclusions
The primary mission for pharmacy education is to train
students to become medication experts upon graduation by
providing the tools to learn, retain, and apply the knowledge
presented to them throughout the pharmacy curriculum. The
traditional method of teaching, although widely used, has
shown some limitations. EMAs could help improve students’
recall of didactic information. However, not all EMAs are the
same in terms of cost, coverage and functioning. EMAs that are
set-up by teachers, prepare students for licensure, and/or
reduce the guessing factor are all potentially beneficial tools
that could help students become medication experts.
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