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EDITORIAL

THE ERA OF TAILORED MHEALTH
Rahul Chakrabarti, Dr1
1

Chief Editor, Journal of Mobile Technology in Medicine
Journal MTM 5:1:12, 2016
doi:10.7309/jmtm.5.1.1

Dear Readers,
It is with great pleasure that we introduce the first
issue of the fifth volume of the Journal with a diverse
range of papers that illustrate the broad engagement
of mobile health technologies to target the spectrum
of socioeconomic groups in society. Currently the
mHealth developers stand at the precipice of the
greatest rate in growth of mHealth related apps.
Results published in the mhealth App Developer
Economics Survey in 2015 showed that the number
of mHealth apps has now exceeded 165,000.1 However, with only 5 per cent of apps being developed
from Africa and South America combined (compared to 72% from Europe and North America)
there clearly remains a challenge in developing and
implementing apps for low-resource settings.
Increasing the impact of telemedicine and mHealth
interventions requires appraisal of structural and economic components of health care service delivery.
Using the concept of teleophthalmology in a large
provincial service model of eye care in Western
Australia, Razavi et al conducted a descriptive survey of current capacity of mHealth across the state.
The authors demonstrated that 15% of urgent
patient transfers and 24% outreach consultations
were potentially suitable for telehealth. The authors
equated this to a potential saving of AUD$1.1
million per year in their health care setting. The
study identified that key strategies to maximize the
utility of mHealth included advocacy for funding,
and engaging dialogue between tertiary, provincial
and district level health care facilities in order to
identify capacity and needs. This would then contribute to regulatory, training and infrastructure
recommendations.2
Similarly, there is an imperative upon mHealth
techonology developers to engage with target audiences in low-resource settings. In the current issue,
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Blackman et al use the example of app development
to promote physical activity amongst youth from
low socioeconomic status to highlight a framework
for a user-centric approach. The authors used qualitative methods to analyse results from focus groups
involving adults and adolescents. The results showed
that opportunities to interact in a social network
platform and establishing a sense of competition
were critically important in engaging youth in low
socioeconomic resources to participate in physical
activity related apps. Whilst it seems intuitive and
sensible that any health intervention must consider
the needs and capacity for key stakeholders to access,
afford and use the technology, these may be overlooked when the majority of app developers are
based in higher socioeconomic settings.
As with any health intervention, the economic
evidence for mHealth interventions must be closely
examined. A recent systematic review of the health
economics of telemedicine and mobile health systems reflected the inherent challenges confronted by
policy makers and governments alike when weighing up the evidence. The authors identified the main
limitations of economic evaluations of mHealth
interventions were heterogeneity between study designs, lack of randomized control trials, and poor
study design including small sample sizes, failing
to include indirect costs, and the absence of data
quality control. The review concluded that there is a
definite paucity in cost-utility studies which measure the functional benefit to the user/patient.
Additionally, at best cost-effectiveness studies show
that mHealth and telemedicine interventions can
reduce costs but not all. Whilst the review showed
obvious deficiencies in the current economic evidence,
it also highlighted the importance for mHealth app
developers and policy makers to incorporate consumers and health practitioners to identify their
needs, and capacity to implement such technologies.
VOL. 5 | ISSUE 1 | MARCH 2016 1
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Consideration of these local and region specific
determinants of mHealth care will ultimately lead to
efficiency and greater utility for patient care.

References
1. Research2Guidance. mHealth App Developer Economics
2015. Research2Guidance;2015. http://mhealtheconomics.
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com/largest-global-study-on-mhealth-released-there-aremore-than-165000-mhealth-apps-today/
2. Razavi H, Copeland SP, Turner AW. Increasing the
impact of teleophthalmology in Australia: Analysis of
structural and economic drivers in a state service. The
Australian journal of rural health. Jan 19 2016.
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SMARTPHONE USE IN PAEDIATRIC PRACTICE:
A NATIONAL SURVEY
Adamos Hadjipanayis, Prof.1, Alexios Klonis, Dr2, Omar Assem Abdel-Mannan, Dr3, Alastair G Sutcliffe, Dr4
1

Assistant Professor of Paediatrics, Faculty of Medicine, European University Cyprus, Cyprus; 2School of Clinical Medicine,
University of Cambridge, United Kingdom; 3Academic Clinical Fellow, General and Adolescent Paediatric Unit, Institute of Child
Health, United Kingdom; 4Professor of General Paediatrics, Institute of Child Health, UCL, United Kingdom
Corresponding Author: Adamos@paidiatros.com

Introduction: Smartphones have become universal among the general public since their launch in
2007. Alongside this, the use of smartphones and mobile medical applications (apps) by clinicians
has risen exponentially.
Objectives: The aim of this study is to present the current prevalence of smartphone ownership
among Cypriot paediatricians and the patterns of their use in everyday clinical practice.
Study design: A standardized telephone survey was conducted by trained interviewers on a random
sample of all 225 currently registered and active paediatricians across all districts of Cyprus.
Results: From a total of 78 randomly selected eligible participants, 75 (96%) paediatricians agreed to
participate in the study. The majority of physicians reported that they owned a smartphone (n 53,
71%) and the rest (n 22, 29%) used a Symbian phone as their primary device. Of those who owned
a smartphone, 40% (n 21) reported using at least one app related to their clinical work. The mean
number of applications used by these users was 3.5. The majority (44/53, 83%) responded that
they did not use their smartphone as a tool for managing patient appointments, while 9 out of the
53 (17%) responded positively. Over 80% of participants used their smartphone to take or receive a
picture or a video from their patients for professional purposes.
Conclusion: This study found a high level of smartphone ownership and usage among medical
Cypriot paediatricians, corroborating with previous literature for other specialties in other countries.
Despite the benefits they offer, more rigorous validation practices regarding mobile medical apps
need to be established to ensure they are used safely and appropriately.
Journal MTM 5:1:38, 2016

doi:10.7309/jmtm.5.1.2

Introduction
Smartphones have become universal among the
general public since Apple launched the first smartphone in June 2007. This technological leap allowed
various functions such as internet browsing, e-mailing, voice, text and video communication, as well as
the use of downloadable applications to be integrated
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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into one device. Subsequently, smartphones powered
by the Android operating system were introduced in
October 2008, followed by the introduction of downloadable applications (apps) on these devices. Apps
are downloadable software programs that have been
developed to run on a computer or mobile device to
accomplish a specific purpose.
VOL. 5 | ISSUE 1 | MARCH 2016 3
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The utilisation of smartphones by clinicians and
other healthcare workers has also evolved. Mobile
health (mHealth), is the use of portable devices, such
as smartphones and tablets, for medical purposes,
including diagnosis, treatment, or support of general
health and well-being.1 Close to 100, 000 apps are
now available to assist health care professionals and
the number of mHealth apps and its users is almost
doubling year on year.2,3 It is estimated that by 2015
smartphone users worldwide will number more than
500 million and by 2018 there could be 1.7 billion
mHealth users worldwide.1,4
There are currently thousands of apps available for
pediatricians and they are quickly becoming popular clinical tools, allowing instant, on-the-go access
to textbooks, journals and offer resources such as
medical calculators and drug formularies.57
A recent systematic review highlights the current
paucity of evidence regarding the benefits that
these apps provide for paediatricians, namely
faster and more informed decision making, and
more efficient practice.8 More research is clearly
needed to provide us with answers regarding this
aspect.
The aims of this study were to identify the current
prevalence of smartphone ownership among Cypriot
paediatricians, and the patterns/ extent to which they
use them in their practice. To our knowledge this
is the first time someone has looked at the current
prevalence of smartphone usage among paediatricians, or any other specialty, in Cyprus. This survey
was undertaken as a pilot study, to provide baseline
data for future research being undertaken by the
authors.

Material and Methods
Questionnaire design
A telephone-based questionnaire tool was developed to evaluate the ways that participants use their
smartphone for their daily work in their clinical
practice. The questionnaire was constructed by the
lead researcher and reviewed by an expert panel
consisting of ten paediatricians for content, validity
and reliability. Modifications were made according
to the comments of this focus group. The questionnaire consisted of 18 questions that were
divided into two sections (Appendix 1):
i. Demographic characteristics of the participant
ii. Patterns of smartphone use
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Questions were derived from the researcher’s personal experience and that of other informants.

Data collection
A national, registry-based telephone survey of
paediatricians based in Cyprus was undertaken for
this research. The participants were selected at
random using a computer-based random selection
software from the National Paediatric Association
Registry. This registry contains a list of all 225
currently registered and active paediatricians across
all districts of Cyprus.
Participation was voluntary and verbal consent was
obtained before the start of the telephone interview.
Physician practices were contacted in July 2014,
with at least six call attempts made to establish
contact with each participant. If the participant
declared at the start that he or she did not own a
smartphone, the interview was terminated. The
interviewer entered the survey answers directly
into a database that included error and validity
checks at point of entry. The interview was carried
out by highly trained interviewers with experience in
telephone surveys, medical and information technology (IT) terminology.

Statistical analysis
All variables were analysed descriptively. Continuous variables are reported as mean9standard
deviation and categorical variables are presented
as frequencies and percentages. All numerical data
were entered and analysed using Statistical Package
for Social Sciences (SPSS Version 21, Chicago,
Illinois).

Results
From a total of 78 randomly selected, eligible
participants 75 (96%) paediatricians agreed to
participate in the study. Thirty five of the participants (47%) were female and 40 (53%) were male.
The oldest participant interviewed was 71 years old
and the youngest 29. Participants were grouped in
two categories according to their age. Forty-two
(56%) paediatricians were older than 50 years of age
and 33 (44%) were younger than 50 years of age.
The mean age was 51 years.
The interview was completed in 5.0 minutes on
average, with no significant time difference between
responders.
VOL. 5 | ISSUE 1 | MARCH 2016 4
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Of the 75 participants, the majority of physicians
reported that they owned a smartphone (n 53,
71%) and the rest (n 22, 29%) used a Symbian
phone as their primary device. The most common
smartphone operating system (OS) was Google’s
Android (n 26, 49%), closely followed by Apple’s
iOS (n 25, 47%). The two other OS used were
RIM’s BlackBerry OS (n 1, 2%) and Microsoft’s
Windows (n 1, 2%) (Figure 1).
Of those paediatricians who owned a smartphone,
40% (n 21) reported using at least one application
related to their clinical work. The mean number of
apps used by these users was 3.5, ranging from 1 to
8, and the most common number of apps was 2
(Table 1). The top 3 most frequently owned phone
apps across all phone types were Medscape (n 
10), UpToDate (n 7) and AAP (n 4).
There was no statistical significance of smartphone
ownership between the two age groups. 62% (n 
26) aged greater than 50 years of age owned a
smartphone, whereas for participants aged less than
50 years of age, 82% (n 27) owned a smartphone.
Out of those who used smartphone apps for their
work, 29% (n 6) were aged 50 years of age and
15/21(71%) were 550 years of age.
The majority of smartphone users (39/53, 74%) did
not use any computer software or the internet for
their work, while 14 out of the 53 (26%) did. The
top 3 most frequently computer-based software
used were Medscape (n 8), AAP (n 6) and
UpToDate (n 6).
When asked whether the smartphone was used as
a tool for managing patient appointments, the

Figure 1: Types of smartphone operating system
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

None
1-2
3-5
6

Paediatricians
(n  53)

%

32
13
7
1

60.4
24.5
13.2
1.9

Table 1: Usage of medical applications among paediatricians owning a smartphone

majority (44/53, 83%) responded negatively, while 9
out of the 53 (17%) responded positively (Figure 2).
The vast majority (51/53, 96%) used their smartphone for general internet browsing (Figure 2). A
third of these (17/51, 33%) were browsing the
internet for more than 60 minutes per day, 20/51
(39%) for less than 30 minutes per day, and 14/51
(27%) for between 31-60 minutes per day. When
asked to compare their use of their smartphone for
internet browsing with a desktop, laptop or tablet,
31 participants (61%) said they used their smartphone less, 2 (4%) said they used it about the same
and 18 (35%) used their smartphone more frequently compared to other available devices.
The participants were also asked whether they ever
used their smartphone to take or receive a picture or
a video from their patients for professional purposes. The majority (44/53, 83%) replied positively.
Of those who did, the mean frequency of picture/
video usage was 9 times with the minimum and also
most common 1 (13/44, 30%) and the maximum
40 times. Finally, of those 44 users, 21/44 (48%) used
their smartphone to take or receive a picture, 23/44
(52%) to take or receive both a picture and a video,
and none to take or receive a video only.

Figure 2: Smartphone function utilisation
VOL. 5 | ISSUE 1 | MARCH 2016 5
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Discussion
Since the launch of mobile medical apps in 2008,
very few studies have been published evaluating the
practice of health care professionals with regards to
their smartphone applications usage. In fact, no
such study has been published for paediatricians. As
smartphones continue to revolutionise our demands
for constant access to information, their usage in
the clinical setting has become more and more
widespread. The aim of this study was to provide
early data regarding the ownership of smartphones
amongst Cypriot paediatricians and their patterns
of use of these devices with relation to their clinical
practice.
The overall rate of smartphone ownership among
paediatricians was 71%, which is lower than the
ownership rate among interns (98.4%), among
urology trainees (100%) and among junior doctors
in UK (74.8%) in previous studies.911 A systematic
review by Garritty et al concluded that smartphone
usage varied from 45% to 85% amongst healthcare
providers, with younger doctors more likely to use
them. However, in our study there was no statistical
difference in smartphone ownership between the
older and younger age groups (50 years and 550
years), unlike the aforementioned study.12
Despite the high rate of smartphone ownership
among Cypriot paediatricians, only 40% of them
use smartphone applications to facilitate their
everyday practice. The reasons for this are yet
unclear but may be related to unfamiliarity with
the technology, the numerous numbers of apps
available to choose from and previous practices
amongst clinicians.
When asked whether the smartphone was used as a
tool for managing patient appointments, the majority (44/53, 83%) responded negatively, while 9 out
of the 53 (17%) responded positively. Previous
studies of medical interns show that 50% of them
use their apps to aid in diagnosis, 43% use them for
interpreting lab results and 55% found them useful
in checking medical emergency protocols.9
Our findings are suggestive that Cypriot paediatricians are selective about the medical apps they
download or use; the majority owned 3-4 apps that
were related to their medical work. In previous
studies, the most frequently used apps in the
medical student cohort were those detailing medication/drug references.
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Interestingly, smartphone usage amongst paediatric
patients and their caregivers has also been studied.
A US-based cross-sectional survey of teenagers and
caregivers assessed smartphone ownership, primary
use of devices and usage of health apps in urban
paediatric clinics.13 The authors’ results showed that
the majority of participants expressed interest in
medical apps, although caregivers were more motivated than teenagers. Similarly, caregivers were
found to be more likely to search health topics
and own medical apps in comparison to teenagers.
With regards to smartphone usage for photographing or videoing patients for professional purposes,
the majority of Cypriot paediatricians stated that
they had done this at least once. Clinical photography has long been an important aspect in the
management of certain pathologies, for instance in
dermatology. In a study by Kunde et al they
surveyed dermatology registrars in Australia on
their use of personal smartphones and digital
equipment for photographing patients.14 The results
showed that all of the 13 registrars who responded
reported using their smartphones for photographing patients. In addition, 85% of them reported
storing over 100 images of patients on their
personal phones and 62% had more than 200
photos stored. Consent for these photographs was
commonly gained from patients verbally by the
dermatology doctors. It is important to note that
clinicians must maintain ethical and medico-legal
standards with the continuous evolution of smartphone and digital technology.

Limitations
Although the response rate in this study was very
high, our results were obtained from a single group
of physicians (namely paediatricians) in Cyprus.
Rates of smartphone ownership and willingness to
use mobile applications may be different in other
specialties and also for other types of healthcare
professionals such as nurses or pharmacists. Our
sample size is not large and it would be important
to examine these results in a larger sized survey.
Finally, the use of telephone surveying may have
yielded different results to face to face interviewing
or paper and pencil questionnaires.

Conclusion
The majority of paediatricians either already own or
will soon own smartphones. The market is currently
flooded by apps, therefore making difficult for the
paediatrician to select the most reliable and useful
VOL. 5 | ISSUE 1 | MARCH 2016 6
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ones. Despite the benefits they offer, more rigorous
validation practices regarding mobile medical apps
need to be established to ensure their safe and
appropriate use. It is important to note that medical
applications should be used effectively as facilitator
and not as a replacement of clinical practice.

12. Garritty C EEK. Who’s using PDAs? Estimates of
PDA use by health care providers: a systematic
review of surveys. J Med Internet Res 2006;May
12(8(2):e7.).
13. Singh A, Wilkinson S, Braganza S. Smartphones and
pediatric apps to mobilize the medical home. The
Journal of pediatrics Sep 2014;165(3):60610.
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b. 50

a. Private
b. Public
5. Phone type
a. Symbian
b. Smartphone
c. I don’t know
If the answer is b, then continue below
6. Which Operating System does your smartphone use?
a. iOS
b. Android
c. Blackberry
d. Windows
e. Other

VOL. 5 | ISSUE 1 | MARCH 2016 7
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7. Do you use any apps that are relevant to your practice?

12. Do you use your smartphone for web browsing?

a. Yes

a. Yes

b. No

b. No

8. If yes, which ones?

13. If yes, for how many hours/day?

a. _

a. B30 min

b. _

b. 31-60 min

c. _

c. 60 min

d. _
9. Do you use any web-based apps from your PC?
a. Yes
b. No
10. If yes, which ones?

14. If yes, how much compared to a PC/laptop/tablet?
a. More
b. Same
c. Less
15. Have you ever used your phone to take or receive a picture
or video for professional purposes?

a. _

a. Yes

b. _

b. No

c. _
d. _
11. Do you use your smartphone for managing your patient
appointments?

16. If yes, which one?
a. Picture
b. Video
c. Both

a. Yes
b. No

#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

17. On average, how many times per month did you use your
phone for the above reasons?
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MOBILE SCREENING TO IDENTIFY AND FOLLOW-UP
WITH HIGH RISK, HIV NEGATIVE YOUTH
Ian David Aronson, PhD1, Charles M. Cleland, PhD2, David C. Perlman, MD3, Sonali Rajan, EdD4,
Wendy Sun, BA5, Christopher Ferraris, LMSW6, Jennifer Mayer6, David C. Ferris, MD6,
Theodore C. Bania, MD, MS7
1

National Development and Research Institutes, Inc., New York, NY, USA; 2Center for Drug Use and HIV Research (CDUHR), College
of Nursing, New York University, New York, NY, USA; 3Icahn School of Medicine at Mount Sinai, Mount Sinai Beth Israel, New York,
NY, USA; 4Department of Health and Behavior Studies,Teachers College, Columbia University, New York, NY, USA; 5Columbia
University, New York, NY, USA; 6Institute for Advanced Medicine, Mt. Sinai Health System, New York, NY, USA; 7Ichan School of
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Corresponding Author: aronson.ian@gmail.com

Background: HIV prevalence remains disproportionately high among youth, especially among young
men who have sex with men, young people with substance use disorders, and recently incarcerated
youth. However, youth may not report behavioral risks because they fear stigma or legal consequences.
While routine HIV screening programs have increased testing, current programs are not designed to
identify, or provide prevention services to, high-risk patients who test HIV negative.
Aims: To examine the feasibility and preliminary efficacy of: a tablet-based screening designed to
facilitate HIV risk reporting and testing among a sample of young urban emergency department
(ED) patients; and a text message-based follow up protocol for patients who test HIV-negative and
report increased behavioral risk.
Methods: 100 ED patients aged 18  24, who declined HIV tests offered at triage, completed a tabletbased intervention that included a risk screening, an educational video, and offered participants HIV
tests. If patients accepted testing and reported increased risk, the tablets offered follow-up text messages.
Results: 30 participants accepted HIV tests following the intervention and 21 participants, identified
by custom software as high-risk, agreed to receive text messages. Two thirds (66.7%) of text
recipients responded to questions at week 6, more than half (57.1%) responded at week 8, one
(4.76%) re-tested after week 12.
Conclusion: Results indicate our intervention provides a feasible way to facilitate risk reporting, increase
HIV testing, and maintain ongoing contact with hard-to-reach youth via tablet computers and text
messages.
Journal MTM 5:1:918, 2016

doi:10.7309/jmtm.5.1.3

While rates of new cases of HIV have been decreasing
or stabilizing among many population groups, HIV
risk remains exceptionally high for young men who
have sex with men (MSM),1,2 youth with substance
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use disorders,3 and recently incarcerated youth.4
Young MSM, and in particular young Black MSM,
not only face increased risk due to unprotected sexual
behaviors, but also because many have older sexual
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partners who are more likely to be HIV positive.1,2
Youth with substance use disorders face increased
risk if they inject drugs, and also because heavy
drinking, marijuana use, and illicit drug use may be
associated with a greater number of sexual partners,
and with less frequent condom use.5 Young men who
have recently been incarcerated report more frequent
unprotected sex, and are more likely to report having
sex while under the influence of drugs and alcohol
than those not recently incarcerated.4
Many young people at greatest risk of HIV-infection
have limited or inconsistent access to primary care,68
and thus may have limited access to preventive care,
HIV testing, and related health education. In fact,
approximately 60 percent of HIV infected young
people remain undiagnosed.3 In recent years, programs to increase HIV testing in non-traditional
settings,9,10 including routine testing programs in
hospital emergency departments (ED), have reached
many patients with undiagnosed HIV, and have
facilitated linkage to care for members of high need
populations. Still, young ED patients frequently
decline testing and are less likely to accept a test
offered by hospital staff compared to older patients
in the same setting.11 Furthermore, routine testing
programs are not designed to identify and provide
prevention services to youth who test HIV negative
but continue to engage in behaviors that greatly
increase their HIV risk.
Due to a lack of time and high existing workloads,
clinical staff in EDs and other high volume settings
may not routinely screen youth for substance use or
sexual risks that increase HIV risk, especially if the
patient’s presenting medical condition does not appear
directly related to these risk behaviors. Opportunities
to engage high-risk youth may also be missed because
many young patients do not disclose substance use or
sexual risk when asked by medical staff because they
fear legal consequences and/or stigma.7 Moreover,
young people who test negative in a high volume
clinical setting, but do not receive adequate health
education, may not understand the need to re-test for
HIV if they receive a negative test result and have
been recently exposed to HIV,12 or if they test
negative and continue to engage in risky behaviors.
Previous research has shown that young patients
are more comfortable reporting substance use and
sexual risk behaviors via computer compared to an inperson screening, because they do not expect a
computer will judge them negatively, but expect
that a person will.13,14 Studies have also shown
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

computer-based interventions can increase HIV
test rates among patients in high volume clinical
settings, including testing by patients who declined
tests offered by hospital staff.11 Research with
a sample of ED patients who declined HIV testing
offered by a triage nurse also indicates an apparent
association between reporting problematic substance
use via a computer-based intervention and then
accepting an HIV test offered by computer.15

Study Objectives
The primary objectives of the current research were
to: develop a tablet-based intervention to increase
HIV testing and facilitate more complete behavioral
risk reporting among youth; to examine the feasibility and preliminary efficacy of the tablet-based
intervention in a high volume clinical setting; and
to examine the feasibility and preliminary efficacy of a
text message-based follow up protocol for participants
who tested HIV negative and reported increased risk.
To increase HIV testing among youth, including
youth who decline tests when offered, and to
facilitate more thorough behavioral risk reporting,
the current research developed a computer-based
intervention which incorporated an automated
screening tool to facilitate self-reporting of substance use and sexual risk. Because, as mentioned
earlier, patients may not understand the need for
repeat testing,12 the current research also developed
a text message based follow-up protocol to encourage participants who tested HIV negative but
reported current substance use, sexual risk factors,
or recent incarceration to re-test in 90 days.
Once the automated screening tool had been developed, the research team piloted the intervention
in a high volume, urban ED to examine preliminary
feasibility and acceptability among a sample of young
people who initially declined HIV tests offered by
a nurse at triage. The main objectives of the current
study were to examine the following questions that
emerged during the development of the technology
and the pilot study protocol:

ED-based Screening




Would participants aged 18-24, who initially
declined HIV tests, participate in the study?
Would participants complete the substance
use and sexual risk screenings?
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Would participants report risk that could
potentially warrant re-testing, and related
follow-up via text message?

Text Message Protocol






Would participants provide their mobile
phone numbers and agree to receive text
messages?
Would participants respond to text messages
sent over several months?
Would participants return for HIV re-testing
after the 12 week window period?

Method
In March and April 2015 research assistants (RAs)
recruited patients aged 18-24 in the main and pediatric treatment areas of a high volume New York City
ED that serves roughly 130,000 patients annually.
Sample
RAs recruited a convenience sample of 100 patients,
both female (66%) and male. Slightly less than
half of the participants (46%) identified as Black or
African American, with 30% identifying as Black
non-Latino and 16% as Black Latino. Less than
one-third of the participants (29%) identified as
White, with 16% identifying as White non-Latino
and 13% identifying as White Latino.
Recruitment
Participants were eligible for the study if they were:
aged 18  24; not known to be HIV positive; declined
an HIV test at triage. Patients were excluded from
the study if they were currently a prisoner, unconscious, intoxicated, did not understand written
English, or were otherwise unable to provide written
informed consent. Patients were also excluded from
the study if they were diagnosed by hospital staff
as being in the most emergent need of medical care,
and were classified as Level 1 or Level 2 according to
the Emergency Severity Index.16
RAs approached patients in the exam rooms or
hospital beds where they were receiving treatment
and after briefly describing the study, asked the
patients if they would like to know more. If so, the
RAs described the study in greater detail and
provided written informed consent materials describing study procedures. Both the RAs and the written
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

materials emphasized that participation was voluntary and consent to participate could be withdrawn at
anytime by the patient. Consent documents also
informed the patient that depending on their responses to questions asked by the computers, they
might be asked if they would like to receive text
messages related to HIV testing and prevention after
discharge from the ED. Consent documents explained participants would only receive text messages
if they agreed to, and that they could participate in
the ED-based portion of the study without agreeing
to accept text messages. Consent materials, study
protocols, and study instruments were approved by
governing institutional review boards. Participants
did not receive any incentives to participate in the
study, but were notified that if they responded to
some text messages they could win $25, and that
they would receive $25 if they returned for re-testing
at a clinic affiliated with the ED in 90 days.

Tablet-Based Screening Procedure
Participants who provided written consent used
tablet computers to enter basic demographic data
(e.g. age, race, gender) and to compete the substance
use and sexual risk screenings. The substance use
screening was based on the WHO ASSIST17 and
separately examined the use of alcohol, tobacco,
and other substances in the past three months. If a
participant reported the use of a particular substance, the automated screening tool then asked if:
use of the substance led to legal or financial trouble;
a friend or relative had expressed concern about their
use of the substance; and if they had tried but failed
to control or cut down their use of the substance.
The sexual risk screening asked participants if they
had sex within the past 12 months, and if so, asked
with how many partners, and whether these partners
were male, female or both. The screening also
separately asked if the last time they had sex with
their main partner: they were under the influence of
alcohol; they used drugs to get high before or during
sex; and whether a condom was used. In addition, the
screening asked participants if they had sex in the
past 12 months with someone other than their main
partner, and if so, if the last time they had sex with a
non-main partner: they were under the influence of
alcohol; they used drugs to get high before or during
sex; and whether a condom was used.
Lastly, the risk screening asked whether during
the past 12 months participants had been held in
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a detention center, jail, or prison, for more than
24 hours.
Following the risk screenings, the tablets displayed a
brief video (approximately 1.5 minutes) of a doctor
discussing the HIV test process with a patient in an
ED treatment room, and demonstrating a rapid oral
HIV test. The content was designed to help patients
understand the HIV testing process, including the 90
day window period, and to emphasize the need for retesting by patients who may have been recently
exposed to HIV, or who continued to engage in
behaviors that could increase their risk of infection.
The video explained that people who are HIV
infected may not show symptoms, and that people
with HIV can feel healthy. The video also provided
basic information on HIV prevention, explaining, for
example, that using oil-based lubricants can weaken
condoms causing them to break, therefore possibly
exposing people to HIV. In addition, the video
explained testing details that previous research
indicates may encourage people to test for HIV
(e.g. HIV tests can be administered without drawing
blood, and results can be delivered in 20 minutes).11
At the end of the tablet-based intervention, the
tablets asked participants if they would like an
HIV test. Possible responses were ‘‘Yes’’ or ‘‘No.’’
Participants who accepted were tested by hospital
staff and received their results before discharge.

Text Message Protocol
If the participant clicked ‘‘Yes’’ in response to the
offer of an HIV test, the tablet-based intervention
evaluated their responses to the risk screening questions to determine if the participant was eligible for
the text message follow-up protocol. If participants
reported: substance use in the last three months; sex
with multiple partners; sex while using drugs and/or
alcohol; sex without a condom; or recent incarceration, the tablets displayed a screen asking if the
participant would like to receive one follow-up text
message each week for 12 weeks. The screen informed
participants that if they returned for re-testing after
the last text message they would receive $25, and that
they could end their participation at anytime by
texting back ‘‘STOP.’’ Possible responses to the offer
of text messages were ‘‘Yes’’ or ‘‘No.’’
If a participant indicated they did not want to receive
text messages, they were thanked and their study
participation ended. If participants indicated they
wanted to receive text messages, the RA obtained
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

additional written informed consent, entered participants’ mobile phone number and email address
into a software-based research tool created for the
current study, and then monitored the patients’
electronic medical record to see the HIV test result.
To ensure only patients who tested HIV negative
received follow-up text messages about the importance
of re-testing, RAs only uploaded participants’ mobile
phone number and email to the project database after
a negative HIV test result appeared in the patients’
medical record. If patients tested HIV positive, they
would be linked to care by hospital staff.
Once written informed consent had been obtained
and a negative HIV test result had been verified by
the RA, a text message was sent to the participant
before discharge from the ED. The message thanked
the participant for enrolling in the study, and asked
the participant to ‘‘text back 1’’ to confirm they
received the message.
Text Message Content
Over the next 12 weeks eligible participants who
provided written consent received a series of text
messages, including messages at weeks 4, 6, and 8
that asked the participant to respond to a knowledge test question for a chance to win $25. These
response texts were intended not only to measure
participant knowledge after the intervention had
been completed, but to encourage greater levels of
participant engagement: if successful, participants
would not only read the text messages, but would
send texts back to the research team.
Text message content was designed to address
previously established barriers to testing, including
low perceived self-risk.18,19 Like the video, text
messages were also designed to emphasize details of
the test process that participants in prior studies said
contributed to their decisions to test.11 Prior to the
pilot, content of the text messages was refined
through an iterative process of qualitative interviews
with ED patients (n 6) aged 18  24. During the
development phase of the study, the PI individually
interviewed a sample of patients in the ED, showing
them draft text messages and asking for feedback
about each message, as well as their response to the
overall study protocol. The PI then revised the draft
texts in response to this feedback, and conducted two
additional rounds of interviews, making revisions in
response to patient feedback after each round.
The final text message (sent 12 weeks after the
patients’ ED visit and enrollment in the study)
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asked participants to return for a free HIV test at a
clinic affiliated with the ED, and explained that if
they showed the text to clinic staff and tested for
HIV, the study would pay $25. Clinic staff were
instructed to inform the research team via secure
hospital email if a participant returned for re-testing
and to identify the participant by mobile phone
number. This protocol was designed so research
staff could verify that: the mobile number had been
sent text messages as part of the study; and no
patients had previously re-tested and identified
themselves using the same mobile number.
Payments to participants were processed using a
Bluebird account from American Express. When
participants provided written consent to receive text
messages, the RA gave participants illustrated
instructions explaining how they could sign up
online for a Bluebird account free of charge, and
that if they responded to knowledge test questions or
re-tested after 90 days, the project would add $25 to
their account via Bluebird. This method of payment
was selected because it enabled the research team to
remotely transfer funds to participants rather than
requiring participants to return to the ED to ask for
payment. The payment protocol was also selected to
maintain participant privacy. Because participants
could create accounts on their own, directly through
Bluebird, they did not need to provide social security
numbers, dates of birth, or other sensitive identifying information to project staff.

Results
ED-Based Screening
Would patients agree to participate, and complete the
intervention?
Over the course of 23 days of data collection,
four trained RAs approached 217 patients aged
18  24 years who had declined HIV tests at triage.
One hundred patients agreed to participate. Of these,
98 participants completed the entire ED-based
screening and intervention, and 30 percent (95%
CI: 22% - 40%) (n  30) accepted an HIV test offered
by computer at the end of the intervention. For more
details, please see Figure 1, the CONSORT diagram.
Would participants report risk at levels eligible for
follow-up via text message?
As detailed in Table 1, nearly three quarters of
participants reported current alcohol use (n  75),
including 25 participants under the age of 21, and
almost half (n  49) reported current cannabis use.
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Of those reporting cannabis use, approximately
45 percent (n  22) reported that their use led to
health, social, legal or financial problems at least
once in the past three months; and approximately
30 percent (n  15) reported they tried and failed
to control, cut down, or stop their cannabis use.
As detailed in Table 2, participants also reported
engaging in a range of sexual risk behaviors,
including having sex while using alcohol and/or
drugs with their main and non-main sexual partners, as well as having unprotected sex with main
and non-main partners.
Text Message Protocol
Would participants provide their mobile phone
numbers and agree to receive text messages?
Participants were eligible to receive follow-up text
messages if they 1) reported behaviors that increased
their HIV risk during the tablet-based screening and
2) also accepted HIV tests offered by the tablets.
Thirty participants accepted an HIV test, and based
on their responses to the risk screening, the computers asked all of the participants who accepted
testing if they would like to receive follow-up text
messages about HIV prevention and testing.
As indicated in Figure 1, 23 eligible participants
accepted text messages and 21 provided written
consent to receive text messages for 12 weeks
following the ED-based intervention. Tables 1 and
2 detail the reported substance use and sexual risk,
respectively, among participants.
Would participants respond to text messages?
Before leaving the ED, participants who provided
written consent to enroll in the text message protocol
received a text that said ‘‘Thanks for testing today at
St. Luke’s. Text back 1 to confirm you received this
message. Text back STOP if you don’t want more
texts.’’ No patients texted back STOP; 79 percent
(n  16) texted back ‘‘1’’ in response. The median
time to respond to the text was 4 minutes.
At week 4, patients received a text message that read
‘‘Test your knowledge for a chance to win $25: People
who may have been exposed to HIV should re-test in
90 days. Text back Y or N’’. A total of 9 patients
(42.9% of participants who received text messages)
responded to the text and all of them answered this
item correctly. The median time to response was 33
minutes.
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Figure 1: CONSORT Diagram

At week 6, participants received a similar message
offering a chance to win $25 for answering the
following question: ‘‘Do Vaseline or baby oil weaken
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condoms and make them less effective? Text back Y
or N’’. A total of 14 participants responded (66.7%
of participants who received text messages) and of
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Past 3 Months (Frequencies Presented)
Substance Use
Tobacco

Alcoholic Beverages

Cannabis

Cocaine
Amphetamines

Inhalants

Sedatives or Sleeping Pills

Hallucinogens

Opioids

Total Sample
(n = 100 unless otherwise noted)

Follow-up Text Protocol Subsample
(n = 23 unless otherwise noted)

Never: 59%
Once or Twice: 19%
Monthly: 4%
Weekly: 7%
Daily or Almost Daily: 11%
Never: 23.5%
Once or Twice: 35.7%
Monthly: 19.4%
Weekly: 19.4%
Daily or Almost Daily: 2%
(n  98)
Never: 50.5%
Once or Twice: 16.2%
Monthly: 8.1%
Weekly: 13.1%
Daily or Almost Daily: 12.1%
(n  99)
Never: 97%
Once or Twice: 3%
Never: 92%
Once or Twice: 4%
Monthly: 3%
Daily or Almost Daily: 1%
Never: 98%
Once or Twice: 2%
(n  99)
Never: 90.9%
Once or Twice: 7.1%
Monthly: 2%
(n  99)
Never: 98.0%
Once or Twice: 2.0%
(n  99)
Never: 96%
Once or Twice: 2%
Weekly: 1%
Daily or Almost Daily: 1%
(n  99)

Never: 39.1%
Once or Twice: 34.8%
Monthly: 4.3%
Weekly: 4.3%
Daily or Almost Daily: 17.4%
Never: 13.6%
Once or Twice: 45.5%
Monthly: 22.7%
Weekly: 13.6%
Daily or Almost Daily: 4.5%
(n  22)
Never: 39.1%
Once or Twice: 21.7%
Monthly: 4.3%
Weekly: 13.0%
Daily or Almost Daily: 21.7%
Never: 95.7%
Once or Twice: 4.3%
Never: 91.3%
Once or Twice: 4.3%
Monthly: 4.3%
Never: 95.7%
Once or Twice: 4.3%
Never: 87.0%
Once or Twice: 8.7%
Monthly: 4.3%
Never: 95.7%
Once or Twice: 4.3%
Never: 91.3%
Once or Twice: 4.3%
Weekly: 4.3%

Table 1: Substance Use in Past 3 Months

these participants, 12 (85.7%) responded correctly.
The median time to response was 20 minutes.

responded and all responded correctly. The median
response time was 21 minutes.

At week 8, participants received a message offering
a chance to win $25 if they responded to the
following item: ‘‘Do people who have HIV always
show signs? Text back Y or N’’. Twelve participants
(57.1% of participants who received text messages)

Would Participants Return for Re-Testing?
Of the 21 participants who received text messages,
one (4.76%) returned to the affiliated clinic to
re-test after the 90-day window period.
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Risk Behaviors
During the past 12 months, have you had sex?
Number of sexual partners

Main sexual partner
The last time you had sex with your main partner. . .
. . .were you under the influence of alcohol?
. . .had you been using drugs to get high before or during sex?
. . .was a condom used?
Non-main sexual partner
In the past 12 months, have you had sex with someone who is not
your main partner or whom you did not consider to be your
main partner at the time?
The last time you had sex with this partner. . .
. . .were you under the influence of alcohol?
. . .had you been using drugs to get high before or during sex?
. . .was a condom used?
During the past year, have you been held in a detention center,
jail, or prison, for more than 24 hours?

Total Sample
(n  100)

Follow-up Text Protocol
Subsample (n  23)

87.8% (n  86)
M  3.87
SD  14.9
Median  1

96% (n  22)
M  8.41
SD  28.12
Median  2

11.5% (n  10)
9.3% (n  8)
43.0% (n  37)

9% (n  2)
9% (n  2)
43% (n  10)

26.7% (n  23)

35% (n  8)

17.4% (n  4)
13.0% (n  3)
65.2% (n  15)
5.1% (n  5)

4% (n  1)
9% (n  2)
26% (n  6)
9% (n  2)

Table 2: Participant Sexual Risk

Discussion
The results indicate that young ED patients (age
18  24) are not only willing to complete a highly
detailed HIV risk screening examining both substance use and sexual risk behaviors, but are also
willing to provide their mobile phone numbers after
the risk screening to participate in a text-message
based follow-up protocol. Data also indicate a
majority of participants who received text messages
continued to read and respond to the texts for
approximately two months following the initial
ED-based intervention: two thirds (66.7%) of participants who agreed to receive text messages responded to a question at week 6, and more than half
(57.1%) responded to a question at week 8. Given
that the current pilot only enrolled young patients
who had already declined HIV testing offered by
hospital staff, these results are highly encouraging.
The low rate of re-testing following the 12-week text
message protocol (one patient returned to re-test
after receiving text messages) indicates the need
for an improved intervention design. Participants
may have thought additional HIV testing unnecessary 12 weeks after their ED visit, or may have
been unwilling to return to a clinic at the hospital
specifically to receive follow-up testing. Future
designs can build upon the intervention’s apparent
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

success at engaging participants via text message,
and intervention content, including texts, can be
revised to more effectively address the importance
of re-testing. The intervention’s risk-identification
algorithms can also be refined to determine which
patients would benefit most from texts about retesting, and who might benefit more from other
types of text-based intervention content (described
further in the next section).
Further research into how financial incentives
impact results may also be warranted. As noted
above, participants were offered the chance to win
$25 if they responded to text messages. Offering an
opportunity to win money is far more sustainable
than offering $25 to each participant who responds
to a text. Additional research can explore whether
participants may respond without the chance to win
money, or how other less costly incentives may be
used to encourage greater response.
A revised design can also address possible physical
barriers to re-testing. The clinic selected for the
current pilot may have been difficult for participants
to find (the clinic entrance is on the third floor of a
large hospital building) even though participants
received a text including a link to the clinic website
which contains the full address and a map. Revised
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content could make the clinic easier for participants
to locate.
Future iterations could also enable participants
to visit any clinic location where they are eligible
to receive services for follow-up care. Using geolocation technology (i.e. a mobile phone’s built-in
GPS or other methods) applications can be developed that would enable participants to re-test at any
clinic and remotely verify their visit. Applications
can also be developed to encourage and verify home
HIV testing.

Behavioral interventions via text
Perhaps as important as encouraging re-testing,
if not more so, a significant value of the current
design may be the ability to identify and maintain
contact with high risk, HIV negative youth via
text message. Given the current focus on helping
youth who are HIV negative to stay HIV negative,
technology developed for the current study can be
adapted to facilitate screening of young patients
and then remotely deliver behavioral interventions
to reduce HIV risk among those most in need.
As noted above, participants remained engaged with
the mobile intervention and responded to text
messages months after their initial visit to the ED.
Instead of encouraging participants to return to
a clinic for re-testing, text-based interventions could
be developed to reduce HIV risk related to substance use and sexual behaviors. Technology developed for the current study could also be readily
adapted to identify high risk, HIV negative patients
who could benefit from pre-exposure prophylaxis
(PrEP), and to encourage adherence when medications are prescribed.
The protocol developed for the current study can
also be expanded to reach high risk, HIV negative
ED patients older than 24, who may otherwise be
missed by current prevention efforts. This strategy
may prove especially valuable in environments where
patients are routinely tested for HIV but interventions are generally not offered to those who test
negative. Because HIV risk remains especially high
for specific sub-populations of young people who
frequently lack access to primary care (e.g. young
Black MSM) (66, 7) versions of the intervention
can be developed for use in community settings,
and implemented in areas where high-risk youth
congregate. Versions of the intervention can also
be developed for young men leaving incarceration, or
recently released. No privacy issues were raised
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

by participants in the current pilot study, and all
messages were carefully designed not to include any
test results or reveal any protected health information (PHI). Maintaining participant privacy remains
essential to our research team in both current and
future projects.

Conclusion
The current design builds upon the privacy afforded
by computer-based risk screenings, patients’ increased comfort reporting behavioral risk to a
computer compared to a clinician, and the ease of
maintaining contact via text message. Our findings
indicate not only that patients in a high volume
clinical setting were willing to enroll in the current
study and report risk (including sex with multiple
partners while using alcohol or illicit drugs), but
were willing to provide their mobile phone numbers.
Further, a majority of those who provided mobile
numbers were willing to engage with a text messagebased intervention over a period of months. Future
designs can potentially be developed to facilitate
more complete risk reporting in clinical and nonclinical settings, and to maintain post-intervention
engagement with members of additional hard to
reach populations.
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Background and Aims: The advent of mobile technologies has stimulated an academic shift in medical
education from traditional methods to mobile teaching and learning. This study investigated medical
students’ current and anticipated iPad usage as well as perceived impact of iPads on their learning and
patient care. The ultimate purpose of the inquiry was to improve future implementation processes.
Methods: Twenty-three iPads were loaded with applications including Cerner Citrix Receiver,
question banks, review texts, DynaMed, and the iTunes U application that contained clerkship
curriculum. Fifty-eight students used the iPads during a Pediatrics rotation and filled out a survey
upon completion. Descriptive statistics were generated from quantitative responses while thematic
analysis was used to summarize ideas from qualitative responses. An exploratory mixed methods
approach was used to integrate qualitative and quantitative findings. T-tests were used to determine
differential usage as a function of prior iPad ownership and experience.
Results and Conclusions: Students variably used iPads to access question banks, didactics and review
texts, conduct internet searches, and monitor patient information. IPads were most used compared
to other electronic and print sources with cited advantages of portability, convenience, instant
accessibility, enhancement of professional conduct, and time management. Respondents proposed other
areas in which iPads could be used in the rotation. This highlighted the need to expand our iPad initiative
to cover other aspects of learning. Given that prior iPad ownership and experience did not determine
differences in usage, the observed variability in iPad usage suggests mere diversity of baseline needs.
Journal MTM 5:1:1926, 2016
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Introduction
The advent of mobile technologies in recent years
has stimulated an academic shift in medical education from traditional methods to mobile teaching
and learning. This has significant implications on
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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medical students’ ability to function in the increasingly evolving healthcare environment.1 To date,
several medical schools worldwide have integrated
electronic devices in their curricula. Of the several
mobile technologies currently used, the iPad appears
VOL. 5 | ISSUE 1 | MARCH 2016 19
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to be the most popular.24 For example, Baum et al.
cited by Omori et al.3 estimated that by the year
2012, nearly 25% of medical schools in the United
States had incorporated iPads as teaching and
learning tools. Some medical schools provide iPads
to students for use while others make it mandatory
for students to have iPads. Undoubtedly, most
medical schools will integrate iPads into their
curricula in the near future.
In spite of this reported widespread integration and
use of iPads in medical education curricula, there is
little published research on trends in iPad usage and
perceived effectiveness.4 The limited available research has shown conflicting results. On one hand,
research has shown high frequency in iPad use by
medical students especially during clinical years to
access medical references, eBooks, patient information, and to study for board exams.3 Prior research
has also shown positive attributes of iPad use, which
include portability and efficiency,1 instant access to
information,4 and stimulation of learning.5 Not
surprisingly, iPad usage has been linked with better
test performance. For example, a study by Comstock, cited by Robinson and Burk4 at the University
of California Irvine showed that medical students
who were given iPads scored 23% higher on national
examinations than previous classes. On the contrary,
other studies have shown limitations and underutilization of iPads in educational matters by
medical students. For example, a study by Vafa
and Chico6 with medical students at two medical
schools in the United States revealed that only half
of the students used iPads for education purposes.
Another study by Curtis and Cranmer7 at the
University of Manchester revealed similar limitations
in understanding, capabilities, and subsequent use
of iPads by medical students for educational purposes.
Given reported variations in iPad usage and perceived impact on students’ overall learning, it is
clear that we cannot extrapolate findings from one
medical school and apply it to another. We, therefore, sought to evaluate how our own students used
and perceived the iPad technology in relation to
their learning and patient care. We found it crucial
to evaluate the initiative during the early stages in
order to improve future implementation processes.

Methods
This study was conducted at the University of
Missouri-Kansas City (UMKC) medical school.
UMKC is one of the few medical schools in the
United States that offer an accelerated combined
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

BA/MD program based on a six-year curriculum.
The Department of Pediatrics first integrated iPads
into their curriculum in November, 2013. We purchased twenty-three second and third generation
iPads for students to use during the Pediatrics
rotation. Following literature searches and feedback
from students, we paired the iPads with individual
Apple user accounts and loaded them with several
applications that we believed would enhance students’ learning and efficiency in patient care. Added
applications included Cerner Citrix Receiver, question banks (e.g. U-World) and review texts (e.g. Blue
Prints), Milestones, DynaMed, X-ray cases, and
VisualDx. We also loaded the iTunes U application
that contained clerkship curriculum such as the
syllabus, lectures, video tutorials, articles, and helpful
website links. Due to budget constraints, Case Files,
Heartpedia, Socrative, and PubMed on Tap were
added eight months after the initial launch. All
students who were taking the Pediatrics rotation
were encouraged to check out an iPad. Students
signed an agreement on understanding appropriate
usage, to be Health Insurance Portability and Accountability Act compliant, and also to take responsibility of replacing the iPad should damage be done.
Thereafter, students were given an orientation on how
to use the iPad and its applications. However, they
would use the loaded applications at their own
discretion.
We then conducted a survey to determine participants’ experiences with the iPad initiative. Survey
items solicited participants’ prior ownership and
experiences with iPads, current uses in comparison
to other electronic and print sources, anticipated
uses, perceived impact of iPad use on learning and
patient care, as well as challenges experienced with
iPad use during the rotation. Following approval by
the UMKC Institutional Review Board; study ID:
13-971, we distributed the survey to prospective
participants via email at the end of each two-month
rotation. Completion of the survey was voluntary
and anonymous. Data was collected from November, 2013 to January, 2015.
Quantitative data were analyzed using Statistical
Package for Social Scientists (SPSS) version 21. We
first calculated frequency distributions and obtained data are presented as percentages. We then
conducted t-tests to determine whether current and
anticipated uses were dependent on prior ownership
and experience in iPad use. To examine the efficacy
of the iPad initiative, we further conducted t-tests to
determine statistical differences in NBME subject
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exam scores between the pre-implementation and
implementation periods.

IPads were, however, moderately used for internet
searches, reviewing texts, and accessing didactics
from instructors. Journal articles were least accessed
through iPads. Figure 1 summarizes our quantitative findings on iPad usage. Other iPad uses were
expressed through qualitative responses. Respondents accessed patient information at the beginning
of the rounds and continuously used iPads to
monitor updated information:

We also collected qualitative data through free
writing where participants were asked in the survey
to describe their experiences of using iPads in relation
to their learning and patient care. Free writing
provided more sentiments that were not captured
by quantitative responses. Data generated from freewriting were analyzed through thematic content
analysis, which quantified qualitative data by identifying consistencies.8 We used emergent coding in
which we analyzed phrases from a few participants to
formulate categories upon which data from the
remaining participants were coded.

I liked having Cerner on the iPad because there were not
always computers available to look up patient information or the patient list or schedule. . . . I thought it was
also helpful on rounds to look up any new consult notes
on the patient that was not in before rounds started.

Results

In addition to searching for information, other
participants reportedly used iPads for emailing
and note-taking:

This study investigated medical students’ current and
anticipated iPad usage as well as perceived impact of
iPad usage on learning and patient care in a Pediatrics
clerkship. A total of 129 students were issued iPads
over a 14-month period. We distributed the survey to
all 129 students upon completion of the rotation and
58 students completed the survey for a 45% response
rate. All the 58 participants provided both quantitative and qualitative responses. Sixty percent of the
participants owned an iPad and had substantial
experience using iPads prior to the rotation whereas
70% found iPads to be very easy to use for the rotation.

I used [the iPad] often to write notes for patients during
down time. I really enjoyed having the syllabus on the
tablet, and the ability to email myself the forms that we
needed to complete.

We also determined participants’ iPad usage in
comparison to other electronic devices (e.g. desktop/laptops, smart phones) and print sources. To
that effect, we asked respondents to indicate in the
survey the means through which they had accessed
various resources for the clerkship during the
rotation and responses ranged from Did Not
Use 0, to Very Often Used 3. Results showed
that participants accessed question banks most
often through iPads followed by desktop/laptops

Patterns in iPad usage
We explored the frequency within which participants
had used iPads for various tasks throughout the
rotation. Quantitative results showed that participants
used iPads most frequently to access question banks.
86%

36%
30%
16%

39%

34%
29%

40%

28%
22%

26%

19%
12%

36%

11%

16%

12%

7%

2% 2%
Review texts: Blue
prints

Question banks
Did not use

Didactics from
instructors
Rarely

Often

Internet searches

Journal articles

Very often

Figure 1: Percentages of iPad usage for accessing outlined clerkship resources, N  58
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and smart phones whereas hard copies were least
used. However, when it came to internet searches,
they most often used desktop/laptops followed by
iPads and smart phones. Access to review texts and
didactics through iPads was moderate whereas hard
copies were also moderately used. Desktop/laptops
and phones were least used to access review texts.
Participants rarely accessed journal articles through
all the devices (See Table 1).

Portability
Consistent with findings from previous studies,2
participants in this study cited portability as one
major advantage of using iPads especially during
clinical rounds. These sentiments are echoed in the
excerpts below:
Having everything we needed in one spot from the
syllabus and schedules to study materials to being able
to access patient charts from Cerner. All of this provided
for many and all opportunities to facilitate my learning
with each patient case we had on rounds.

We further examined whether usage of devices was
dependent on prior ownership and experience. Our
results did not show major differences except that
participants who owned iPads prior to the rotation
tended to use smart phones to access didactics
significantly more than those who did not (t 
2.311, p.027). Furthermore, participants who
were more experienced with iPad use prior to the
rotation used desktops/laptops to access journal
articles more frequently than the less experienced ones (t 2.015, p.049). However, when
Bonferroni corrections were applied to correct for
multiple comparisons, none of these differences were
statistically significant.

I liked that many questions banks such as pretest and
books like case files were on it. It was easier to carry the
iPad everywhere I went rather than carry a couple of
books and plus the iPads had many other resources that
were useful for rounds.

Convenience and ease of use
In addition to portability, respondents cited convenience and ease of use as another major advantage
of using iPads. This is what one participant had
to say:
Quite honestly, the iPad on this rotation made me realize
how much better it is to do questions on a tablet than a
desktop or one’s phone. I did significantly more questions than I would have without the iPad.

Perceived impact and advantages of iPad usage
We identified five main advantages from both
quantitative and qualitative responses pertaining
to the positive impact and advantages of iPad usage
on learning and patient care, namely: portability,
convenience and ease of use, instant and constant
accessibility of information and resources, enhancement of professional conduct, and time management. Each of these perceived advantages are
elaborated in sections below.

Review Texts
Question
Banks
Didactics
Internet
Searches
Journal
Articles

Instant and constant accessibility of
information and resources
Participants also expressed how iPads had made
relevant information and resources instantly and
constantly accessible. This is what some respondents
had to say:
. . . It makes it a lot easier to put in orders if we ever
needed to or to look up something about a patient if we
needed to know something right away such as whether a

iPad

Phone

Desktop/Laptop

Hard Copy

No
Often V/
use Rarely Often

No
Often V/
use Rarely Often

No
Often V/ No
Often V/
use Rarely Often
use Rarely Often

16
2

36
2

48
97

91
64

3
9

5
27

67
35

21
13

12
53

62
78

5
6

33
17

29
12

26
22

45
66
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50

2
11

5
39

67
11

15
16
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73

85
NA

5
0

9
0

37

40

23

84

11

5

27

34

39

83

6

11

Table 1: Percentages of iPad usage in comparison to other electronic and print sources, N  58
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specific lab had come back, if a consult team had written
a note, etc. It was extremely helpful and makes the
rotation run very smoothly.
I thought it was also helpful on rounds to look up any
new consult notes on the patient that was not in before
rounds started. It was also helpful to monitor lab and
imaging results during rounds if the results were not
available before rounds.

Time management
Given the reported instant and constant accessibility of information, it was not surprising that a
number of participants expressed that the iPads had
greatly eased their time management. One of the
quantitative survey items asked participants to rate
the overall impact of iPad use on their study time
and 60% attested that the use of iPads had increased
their study time. The positive impact of iPad use on
time management was reiterated in the following
qualitative responses:
It increased my study time during down time during the
rotation. Usually I would have just sat around and tried
to look busy, but having a study source allowed me to
utilize this time.
Having the iPad allowed me to always have access to my
study materials, causing me to study in any down time
that I had rather than just wasting it.

Professional conduct
It was interesting for participants to express that the
use of iPads in clinical rounds had enhanced their
professional conduct as compared to using other
mobile devices like iPhones:
Ability to look up things on iPad during rounds that I
would normally have done on my own phone, but now, it
doesn’t look so bad doing that on an iPad versus it looks
like I’m texting and not paying attention if I do it on my
phone.
IPad provided multiple resources at the touch of a finger
and also seemed more professional to use during rounds
than phones.

We also wanted to determine if the reported
advantages of iPad use expressed in the survey
would correlate with students’ performance. Using
t-tests, we compared mean scores of two-month
rotations of the iPad implementation period with
the corresponding rotations of the previous years
prior to the iPad initiative. Results showed a
significantly higher mean score only for the May/
June rotation of the implementation year compared
to the corresponding May/June rotation of the preimplementation year (t 1.960, p.05).
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Perceived challenges of iPad usage
Participants also identified some challenges with the
use of iPads during the Pediatrics rotation. One
recurrent issue was the difficulty posed by the iPads
when taking notes due to absence of the keyboard.
One participant said:
I did not like using the iPad to write notes. It was very
difficult without a keyboard to write patient notes, or
take any other notes during didactics.

Although a majority of participants found the iPad to
be portable, a few others found it burdensome to carry
during clinical rounds especially given that it did not fit
in their pockets. One participant reiterated:
The case that the iPad was in was quite bulky and thus
cumbersome to carry around the hospital. Also, because
there was not safe storage available at the hospital, it
became a hassle to carry around the iPad at all times.

While a majority of participants found the iPad to be
convenient, some felt it made text difficult to read.
Other participants, however, as a matter of mere
preference, accessed hard copies of some of the
clerkship resources regardless of their availability
on their iPads:
I just really only used it for questions and internet access to
look things up. While I appreciate that Blueprints and
Case Files were on there, I’m not an e-text kind of person,I
prefer printed versions to highlight and take notes.

Anticipated iPad uses
We also solicited participants’ anticipated iPad
usage. As shown on (Figure 2), most participants
proposed to use iPads for reviewing several video
tutorials. A significant majority also preferred to use
iPads for reviewing simulation videos and accessing
videotaped didactics. A moderate to high number of
participants preferred to use iPads to evaluate peers,
watch video tutorials on how to write an effective
patient note, and also as a presentation tool. Notetaking was the least anticipated use (See Figure 2).
Participants also provided valuable suggestions that
greatly improved our implementation process. For
example, a few of them raised logistical concerns
such as internet connectivity and hygiene issues
associated with iPad use. Others suggested to have
the applications loaded on their personal iPads
instead of having to check out an iPad from the
department:
Because I also own an iPad, I carried around two iPads
for a lot of the rotation. It would be nice if there was an
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38%

Figure 2: Percentages of participants who agreed/strongly agreed with proposed anticipated uses
option to put the resources on to our personal iPads at
least for the duration of the rotation.

We further investigated whether anticipated iPad
usage was different as a function of prior ownership
and experience in iPad use. Our results showed no
major significant differences except that participants
who owned iPads prior to the rotation anticipated to
use them for note-taking significantly more than
those who did not (t 2.134, p.037). Similar
trends were observed with experienced and less
experienced users (t 2.058, p.046). However,
the differences became statistically insignificant
when we applied Bonferroni corrections for multiple
comparisons.

Discussion
This study investigated medical students’ current
and anticipated uses as well as perceived impact of
iPad use on learning and patient care in a Pediatrics
clerkship. Consistent with prior findings, we observed high to moderate iPad usage to access
question banks, review texts and didactics, conduct
internet searches, and monitor patient information.
The observed variability in iPad usage may have
emanated from the fact that loaded applications
were to be used at the students’ discretion. Given
that prior ownership and experience did not determine much variability, differences in current and
preferred uses possibly stresses the need for an
increased awareness of the diversity of baseline
needs and interests of the users.8
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Participants in this study used iPads to access
updated patient and research-based information
for informed decision-making during their clinical
rounds. Given the contributory role of inadequate
access to information on medical errors, having
readily available information at the point of care
through iPads, as reported in this study, may
undoubtedly enhance medical students’ efficiency
in patient care.10
Our comparison of iPad use with other electronic
devices and hard copies revealed a general preference of digital devices, preferably iPads, over
print sources. This is consistent with findings by
Lombardo2 and Omori et al.,3 which showed high
frequency in tablet usage over print sources, with
iPads being most popular. This suggests that iPads
may be important tools for medical educators to
consider. Undoubtedly, medical students are inclining towards the digital age; however, the fact that a
third of the participants still preferred and accessed
hard copies of review texts regardless of their
availability on iPads implies that print resources
still remain useful.
Participants outlined various ways in which iPads
contributed to their learning and efficiency in patient
care. Specifically, they perceived iPads as having
eased their time management. This is consistent
with findings from a previous study by Korbage11
where iPad use was generally linked with increase in
study time. Portability, convenience, and ease of use
were cited as main contributions of iPads on time
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management. Differences in opinion about the impact of iPad use on study time reported could be
a result of the differential use of self-selected
applications.
Participants in this study cited enhancement of
professional conduct as one positive contribution
of iPads to patient care. Prior research has noted
concerns over professionalism with iPhone usage
during clinical rounds.12 Not surprisingly, participants expressed that the replacement of iPhones with
iPads had enhanced their patient care during clinical
rounds by allowing them to learn from iPads without
fear of being perceived as unprofessional.
Findings from this study unveiled other anticipated
iPad uses, which include reviewing several video
tutorials and videoconferencing. With more innovation, our current iPad initiative can, thus, be broadened to cover several other aspects of learning.
Additionally, while a substantial number of participants showed strong desire to use iPads for notetaking, some raised concerns on the difficulties faced
when using iPads for note-taking and typing of
patient notes. This can be overcome by supplementing the iPads with external keyboards to facilitate
easier typing. Further, with the upgrading of iPad
models and the cerner electronic medical record app,
there is an improved dictation function which may
allow students to dictate their notes and patient
documents, eradicating the need for a keyboard
altogether. Downsizing to the iPad Mini may address
student concerns of the current iPads being heavy
due to size. Importantly, a few participants raised
hygiene issues with the use of iPads during clinical
rounds. Studies have since documented the possibilities of mobile devices acting as vehicles of pathogen
contaminants in clinical rounds.13 It is, therefore,
advisable to make students more aware of currently
available decontamination programs suitable for
cleaning iPads. At this time, we will encourage our
students to use isopropanol alcohol wipes daily on
used devices which have been shown to substantially
decrease the bacterial load acquired from use in
patient care.14

Conclusion
Findings from this study should be considered in
light of potential limitations. The study was conducted at one medical school with a sample of 58
participants, which potentially limits the generalizability of the findings. Although this limitation
precludes wider generalizations, the findings have
unveiled several trends in iPad usage as well as
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

additional ways in which we could broaden our
iPad initiative to cover several other aspects of
learning. Findings from this study may, thus,
provide helpful insights especially to other clerkships within and outside our institution who may
want to launch similar initiatives.
Of note, All authors have completed the Unified
Competing Interest form at www.icmje.org/coi_
disclosure.pdf (available on request from the corresponding author) and declare: no support from any
organization for the submitted work; no financial
relationships with any organizations that might have
an interest in the submitted work in the previous 3
years; no other relationships or activities that could
appear to have influenced the submitted work.
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Background: Smartphones have become mainstream, including in the healthcare setting. However,
little formal research has been performed to examine mobile medical technology.
Aims: To examine smartphone use and perceptions among medical students and physicians in a
statewide medical university.
Methodology: An IRB approved 23-item survey eliciting smartphone use and perceptions was
developed by the research team and an e-mail invitation for participation was sent to all medical
students, resident and attending physicians in three medical schools.
Results: A total of 544 surveys were submitted; 347 were completed and analyzed. 93.9% of
respondents had smartphones, with no significant difference between students and physicians. Of those
with the technology, 82.9% stated they have used it at least once in a clinical setting. Respondents
perceived fast access to information to be the greatest benefit to mobile medical technology (96.6%), as
well as simplified access (75.5%). Greatest perceived barriers to using this technology were uncertainty
about available applications (39.4%) and inexperience (23.4%). There was no significant difference
between students and physicians with regard to either category. Concerning patient-centered
applications, assistance with lifestyle modification (78.8%) and increased adherence to treatment plans
(73.8%) were agreed upon as potential benefits. Greatest perceived barriers to recommending this
technology were added cost to the patient (52.6%) and concerns about patient self-diagnosis (47.7%),
with no significant difference found between students and physicians.
Conclusion: These data demonstrate smartphone usage is prominent in the healthcare setting and
indicates strong agreement regarding its benefits and barriers. Implementing smartphone education
into medical curricula may be beneficial to healthcare providers.
Journal MTM 5:1:2732, 2016
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Background
As folks from the 1920s brought into existence
words like ‘‘flapper’’ to describe the world around
them, so have we in the 21st Century. Today cellular
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phones define our generation and allow us to add a
new word to our vocabulary. The word nomophobia,
the fear of being without one’s mobile phone, should
be particularly exciting to health practitioners as it
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may be used to our advantage to decrease morbidity
and mortality of disease.1 While some interventions
using mobile phones and other handheld devices
have already proven successful, the use of such
technology in healthcare is still in its infancy.25
Since few studies have explored such technology in
American medical practice, this study aimed to
examine not only its usage among osteopathic and
allopathic physicians and students, but also perceptions of its use.
While mobile software applications run the gamut
from gaming to personal organization, there are a
number of applications that pertain to health and
medicine. Directed at both physician and patient,
a variety of applications exist to aid people with
everything from brushing up on a procedure to
tracking and managing chronic disease. Presently,
there are approximately 7,136 health and medicine
applications for Apple’s iOS operating system, 1,296
for Google’s Android operating system, and 338 for
Research in Motion’s BlackBerry operating system.6
Medical applications may prove rather helpful to
physician and patient alike, in a variety of ways:








Storage. Since many individuals keep their
phone with them at all times, they can serve as
hard-to-lose repositories of personal health
information, including glucometer readings,
blood pressure tracking, and beyond.1 With
wireless Internet capabilities, data can be
seamlessly stored and retrieved on personal
hard drives or be sent to wherever they are
required.7
Consultation. Physicians can use application
software to consult with other distant health
professionals using video and picture messaging on their smartphones, as described in the
medical literature.2
Reference. Medical students and residents
have the opportunity to learn about new
topics while rotating on hospital wards; and
experienced physicians may find particular
applications helpful if they encounter an
unfamiliar condition or procedure.8,9
Billing. Applications such as ICD-9 can allow
physicians to speed through the inevitable
paperwork portion of medicine, reducing
both patient wait times and medical waste.8

However, with these perceived benefits come
equally perceived barriers to medical smartphone
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implementation. Among these perceived barriers
are:














Cost. A study showed that 83% of smartphones cost over $250.00, and almost half of
all Americans spend $100.00 monthly on their
Internet/Data plans. While many free applications exist, some may cost well over $50.00.1012
Additionally, many medical applications require costly annual subscriptions that may be
out of the budget of subscribers.
Education. While smartphones have been
designed with simplicity in mind, users may
still require training with the device and
its applications to become proficient in the
technology. Using the devices may actually
become a time-wasting endeavor that becomes
a hindrance rather than helpful.9
Choice. With the aforementioned number of
medical applications available on mobile devices, physicians and patients may become
overwhelmed with the sheer volume of options to choose from when deciding on what
applications to download.13
Erroneous information. Anyone may create an
application for sale or distribution, allowing
people to choose an application that has false
or intentionally misleading information, as has
been demonstrated on various Internet sites.1315
Reliability. Some authors have tested the
reliability of mobile medical applications and
have found significant flaws with particular
applications due to lack of evidence-based
information and peer review. This was demonstrated by a review of applications for opioid
conversion,16 cancer information for healthcare workers,17 and asthma management.18
Accessibility. A Pew Institute survey reports
that only 54% of Americans with chronic illness
or disability use the Internet compared to the
81% of healthy Americans who do.19 Though
no data exist for smartphone usage among
those with disabilities or specific diseases, this
information suggests that disability may create a
barrier to adoption of such technology.
Misconception. Some physicians may find
smartphone usage by students in a clinical
setting disrespectful. Similarly, physicians and
students may feel uncomfortable using the
device in front of patients.9

Although the use of medical smartphone technology is growing anecdotally, peer-reviewed studies
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examining this technology and its benefits and
barriers in healthcare are still in their infancy.20
The purpose of this study was to gauge physician
and medical student awareness and usage of mobile
medical applications, evaluate their attitudes towards implementation and utilization of these
applications in a clinical setting, and to identify
the barriers and benefits of recommending this
technology to patients. The investigators hypothesized that there would be more frequent usage and
recommendation of applications by medical students and young physicians in comparison to older
physicians. The ultimate goal of this study was to
surface these discrepancies and to utilize the
gathered perceptions of participants as a foundation
for future projects that will seek to better implement
this technology in clinical settings.

Methodology and Setting
Research data was derived from an approved
University of Medicine and Dentistry of New Jersey
(UMDNJ) IRB protocol. An observational, crosssectional study utilizing an IRB-approved, 23-item
survey developed by the researchers was initiated
through the Department of Family Medicine at the
Rowan University School of Osteopathic Medicine
(Formerly part of UMDNJ). All attending physicians, residents, and medical students affiliated with
one of the three UMDNJ medical schools (School
of Osteopathic Medicine, New Jersey Medical
School, and Robert Wood Johnson Medical School)
were invited via e-mail to participate in the study by
completing an anonymous survey. The survey link
was available to invited participants over the course
of one month. There were no exclusion criteria;
however, the study was limited to participants with
Internet access. The survey was administered and all
data was collected online through SurveyGizmo#.
An introduction informed participants that completion of the survey was voluntary and no inducements were offered for participating in the study.
The questionnaire elicited information about the
participant’s age, degree, specialty, patient volume,
mobile device preferences and reasons for usage,
and their perceived benefits and barriers to using
these devices in a healthcare setting. Responses were
evaluated using SurveyGizmo and analyzed using
Microsoft Excel (Microsoft, Inc.) and SPSS v15.0
(IBM, Inc.), performing descriptive statistics and
Chi-Square testing to compare responses between the
two major groups (medical students and established
physicians). The hypotheses tested with these data
were:
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(1) That medical students would be more likely
to have and use smartphones for medical
applications than established physicians.
(2) That medical students would be more likely
to have recommended smartphone medical
applications to their patients than established physicians.
(3) That medical students would perceive fewer
barriers to implementation of smartphone
medical applications for both themselves and
for their patients than established physicians.

Results
Approximately 2000 participants were eligible for
participation and 544 surveys were submitted
through SurveyGizmo; 347 completed surveys
were analyzed. The average age of respondents
was 31.2 years, and four physician respondents
were greater than 70 years old. The study revealed
that 63.4% of respondents had or were working
toward an MD degree, and 36.6% had or were
working toward a DO degree. One-hundred thirtytwo (38.0%) of the respondents were medical
students and the rest were resident or attending
physicians.
No significant difference between students and
physicians was observed concerning smartphone
ownership, with 94% of respondents reporting
having a smartphone. (95.2% students vs. 92.5%
physicians, p  .356). Of those with the technology,
82.9% stated they have used it at least once in a
clinical setting. Respondents perceived fast access to
information to be the greatest benefit to mobile
medical technology (96.6%), as well as simplified
access (75.5%) and easier medical calculations
(70.8%). Primary perceived barriers to using this
technology included uncertainty about available
medical applications (39.4%), and inexperience
(23.4%). There was no significant difference between medical students and physicians with regard
to inexperience (21.2% vs. 21.9%, p  .887) or
uncertainty (37.1% vs. 35.8%, p  .806).
Concerning patient-centered applications, only
24.5% of respondents have recommended smartphone health applications to their patients, with
fewer students having done so compared to
physicians (16.4% vs. 29.6%, p B .0001). However,
assistance with lifestyle modification (78.8%), increased adherence to treatment plans (73.8%), and
strengthening patient self-efficacy and confidence
(57.0%) were agreed upon as potential benefits.
Perceived barriers to recommending this technology
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were added cost to the patient (52.6%), concerns
about patient self-diagnosis (47.7%), and patient
lack of training with this technology (34.9%). No
significant difference was found between students
and physicians (p  .05 for all barriers).

Discussion
This is among one of the first studies that examined
mobile medical technology usage among medical
students and physicians in the United States. While
the body of knowledge regarding such utilization
in the healthcare setting is growing in many parts
of the world, as shown by the literature,20,21 such
examination needs to continue to grow in the
United States. A study performed in Victoria,
Australia examining smartphone use in the clinical
setting indicates 87% of health care providers use a
mobile phone during clinical practice.21 This closely
mirrors the results from our study.
The medical students and practicing physicians who
participated in this study corroborated what has
been observed anecdotally as well as in marketing
research  smartphone usage both in daily life and
in the clinical setting is ubiquitous and has the
potential to become more so as technology and
training advance. Contrary to our originally stated
hypothesis, there was little difference between age
of the physician or physician-in-training and the
amount of usage of the mobile medical technology.
Though the hypothesis was found to be incorrect,
the authors are excited by this result as mobile
medical technology has the potential to positively
affect clinical outcomes. As such, we believe that it
is important to encourage and educate physicians at
all levels of training to effectively and efficiently
utilize smartphones in the clinical encounter.
Furthermore, the authors were surprised to find
that there was no significant difference between the
perceptions of barriers and benefits to the clinical
utilization of this technology. Among the top
benefits that all participants noted were: fast access
to information, simplified access to information,
and ability to easily perform medical calculations.
Many other smartphone benefits have been anecdotally documented in the literature and suggested by
the media to have a positive impact on healthcare. A
recent literature review reported applications capable of locating wandering patients with dementia
via GPS and even applications capable of cardiac
monitoring by way of EKGs, echocardiograms, and
Doppler ultrasound. The latter has recently received
news coverage because of its ability to change the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

way physicians practice and possibly decrease
healthcare costs.22 Since this technology provides a
wealth of knowledge and abilities to translate
directly to a higher quality of patient care, the
authors believe that it should be integrated at
the beginning of undergraduate medical education 
providing training and encouragement to medical
students from the very first year. Additionally,
continuing medical education (CME) would be
beneficial to accomplish the same goal in physicians
already in practice.
As it pertains to perceived barriers to clinical usage,
both students and physicians noted that uncertainty
about current applications on the market and
general inexperience with the technology were
amongst biggest concerns. No study participant
cited concern for confidentiality or breach of
patient health information, although this was a
significant concern raised in the study conducted
by Koehler, et al.21 While pricing is beyond the
medical community, medical education programs
have the ability to affect change in the other
perceived barriers that physicians and physiciansin-training have, most notably accuracy of information retrieved. With the aid of university librarians
and information technology departments, and in
collaboration with medical educators, applications
can be ‘‘vetted’’ for usage by students, residents, and
attending physicians for their accuracy and validity
in the clinical setting. This would be an interim
solution until guidelines are created for these
application developers; a notion that has been
called for by other investigators researching medical
smartphone use.13,21 In the future, physicians and
students may begin to take part in the development
of applications to cater to their own clinical and
patient needs, as well as test for the validity and
reliability of these advancements.
The authors did find that practicing physicians were
likely to promote patient-centric applications to
their patient population in comparison to medical
students. However, this may simply be due to the
vastly larger number of patients they have seen in
their clinical practice. This provides an opportunity
for skilled physicians to teach students about
available software; thus allowing for further recommendations of this technology to patients. Familiarity and usage of mobile applications may aid in
treatment compliance, lifestyle modification, and
strengthening of patient self-efficacy  which both
students and physicians recognized as the top
benefits. A recent randomized controlled trial by
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Carter, et al. showed better adherence to weight loss
regimens with use of a smartphone application in
comparison to paper diaries and websites.23 As with
all other perceived barriers and benefits, students
and physicians agreed on the potential problems
with promoting medical smartphone usage among
patients, with the greatest concerns being: 1) added
cost of this technology to patients, 2) self-diagnosis
by patients, and 3) misuse of the applications
secondary to lack of training. Although some of
these barriers currently exist, with appropriate
training and advanced use these barriers may be
overcome and allow for some of potential benefits
described to be actualized.
Though our brief survey was confirmatory to
anecdotal evidence and telling in many ways, there
were significant limitations to our study. These
included response bias, a common problem in all
survey-based studies, and selection bias, as our
study population included medical students, residents, and physician-educators, all of whom are
connected to a university medical center and have
access to significantly more technological resources
than a solo practitioner may have. In addition, the
study population was small and yielded a relatively
low response rate. As such, we may not have
captured the actual usage and perception we had
hoped to. Lastly, the study population was limited
to medical students, residents, and physicians training and practicing in the state of New Jersey and,
therefore, it cannot be concluded that such findings
pertain to physicians in the United States as a
whole.
We also recognize that the benefits and barriers to
clinical encounter utilization and to recommendations of such technology were simply perceived.
Future randomized controlled trials among these
populations, both clinician and patient, should be
conducted to determine if such usage truly improves
patient care and healthcare outcomes.

Conclusion
The data from this study give evidence to the
assertion that smartphone usage is very prominent
in the healthcare setting. Contrary to the hypothesis, there was no observed difference between
medical students and practicing physicians with
regard to both usage and perceptions. This finding
is encouraging as it demonstrates that current and
future physicians are adopting a technology that has
significant potential benefit to both their practices
and the patient populations they serve. Thus, if
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

barriers and benefits to implementing and recommending this technology remain constant among
students and physicians, the early addition of
smartphone education to the medical curriculum
and in continuing medical education would be
beneficial to current and future healthcare providers.
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Objective: The objective of the study was to implement a user-centred approach in the design and
development of smartphone game-based applications (SGA) prototypes for PA promotion in
adolescents, specifically from low SES families.
Aims: (1) Describe the development of smartphone game-based applications to promote physical
activity in adolescents from primarily low socioeconomic status households. (2) Determine
acceptability of initial prototypes.
Methods: This study implemented a user-centred approach including adolescent focus groups
(n  3; 14 adolescents), parent interviews (n  7), and idea generation sessions (n  5; 80
participants) to develop and design smartphone applications as a persuasive technology for
adolescents.
Results: Qualitative data demonstrated that adolescents identified smartphone features that would
have the ability to have frequent opportunities for social networking and competition. The majority
of parents had favourable perceptions of smartphone games for physical activity promotion.
Furthermore, idea generating centred around sports and recreational games. A final set of games
were developed into hand drawn and computer generated prototypes.
Conclusions: The study provides a framework for how to incorporate a user-centred approach in the
design and prototype development of smartphone game-based applications, and indicates the
feasibility of continued smartphone game-based applications development and effectiveness testing
for promoting physical activity among low socioeconomic adolescents.
Journal MTM 5:1:3344, 2016
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Introduction
Adolescents in the US are engaging in less physical
activity (PA) which contributes to increased risk of
chronic diseases.1,2 Further, low socioeconomic
status (SES) and racial/ethnic minority adolescents,
when compared to their middle-high SES or white
counterparts, are known to be less physically active
and may be at a higher risk for chronic diseases.1,3
This PA decline provides an opportunity to
intervene.
Mobile technology is a promising strategy that may
be able to assist in facilitating access and availability
of PA4 among adolescents. Recent statistics show
that, 78% of 1217 year olds owned a mobile phone
and 37% owned a smartphone .5 Furthermore, 69%
of adolescents from household incomes of less than
$30,000 owned a mobile phone (any kind) and 39%
owned a smartphone compared with adolescents
from household incomes of $75,000 where 86%
owned a mobile phone (any kind) and 43% owned a
smartphone.5 Similar ownership rates exist between
Whites, Blacks, and Hispanics.5
Three recent reviews have demonstrated that mobile
health (mhealth) interventions can be effective in
promoting PA in adults.68 However, the findings on
how well these approaches work to improve PA for
children9 and adolescents10,11 has been equivocal.
This may be the result of investigators applying
similar strategies that have demonstrated effectiveness in adults (e.g. text messaging prompts and
feedback), but that may be less motivational or
effective for children/adolescents. There needs to be
more emphasis on focusing mhealth PA studies on
children/adolescents that applies a user-centred
approach to guide development of the technology
in an attempt to tailor the intervention to this
audience.6,7
In contrast, some mhealth studies that have examined non-PA health behaviour outcomes, have noted
the value of including participants in development
phases.4,1216 One study16 in young adults showed
that they have interest in smartphone applications
facilitating behaviour change and support which
includes tracking behaviours and goals and getting
advice and information. As evidenced in the literature, adolescents are capable of providing valuable
feedback related to avatars/characters, social interaction, frequency, duration, timing, and mode of
delivery (e.g. multimedia messaging service, gaming)
of mhealth interventions.1317 However, few studies
have focused on PA promotion or primarily
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included low SES adolescents in smartphone
game-based application design.
The overall objective of the study was to implement
a user-centred approach in the design and development of smartphone game-based applications
(SGA) prototypes for PA promotion in adolescents,
specifically from low SES families. The objective of
this paper was to describe a formative planning
and development process guided by a user-centred
approach,18 which has been widely used and validated in human computer interaction studies.19,20

Methods
Study Design
An exploratory qualitative study design was used to
meet the study objective. Figure 1 shows the timeline of study activities. Focus groups and interviews
were conducted to gain initial reactions to betaversions of SGA for PA promotion. Next, idea
generation sessions were executed to understand
users’ opinions and to promote culturally relevant,
enjoyable, and motivational SGA for PA promotion. These data were then utilised to create
scenarios, storyboards and paper prototypes that
could be developed and tested in future projects.
The study design and all study activities were
approved by the Virginia Tech Institutional Review
Board.
Recruitment
A purposeful sampling strategy was used to identify
and recruit potential participants attending programming at a Boys & Girls Club in a low SES
urban area in southwest Virginia. Adolescent eligibility criteria included English speaking, between
the ages of 11 and 15, and attending the Boys &
Girls Club summer program. Adult eligibility
criteria included English speaking and a parent of
an adolescent attending the summer program at the
study site. During pick-up or drop-off of adolescents, flyers were distributed to the Boys & Girls
Club families and each parent was informed about
the study. Interested parents signed a consent form
prior to participation. Adolescents with parental
consent were required to sign an assent form and
have a signed parent permission form prior to
participation. Interested adolescents were invited
to a focus group and interested parents invited to an
interview and received a $10 and $20 gift card,
respectively, and a meal at the focus group or
interview in appreciation for their participation.
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Figure 1: Timeline of Study Activities

Research Team and Beta Smartphone Game
Applications for Physical Activity Promotion
To initiate the user-centred approach, a SGA team
was developed that would reflect expertise in
technology, behavioural theory, and perspective
of older adolescents. This team comprised of two
graduate students, three undergraduates, and faculty experts in the following domains*industrial
systems and engineering, computer science human
computer interaction, health economics, and
health promotion via interactive technology. The
SGA team planned and developed two initial
prototypes called Color Hunt and Apple Tree
Shaker (see Clark et al.21 for more detail). In
Color Hunt, participants chose a colour between
red, green, and blue and then used the camera on
the smartphone to take pictures of objects of the
chosen colour. Level progression was based on if
the player completed the amount of tasks within
the specified time period. In Apple Tree Shaker,
which used the phone-based accelerometer, participants shook the smartphone to make apples fall
off the apple tree. Points were awarded based on
how fast players shook the phone within the
designated time length.

Focus Groups and Interviews
Focus groups were conducted using the methods
suggested by Kreuger and Casey22 and interviews
were conducted using the methods suggested by
Seidman23. Three focus groups (n 14; 4560
minutes per group) and seven parent interviews
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

(approximately 30 minutes each) were conducted at
one Boys & Girls Club. Two trained graduate
students moderated the focus groups. A semistructured script was developed for the focus groups
and interviews. The script included questions about
the participants’ general perceptions and experiences with gaming, music, online social networking,
maps, GPS, camera, and text messaging on mobile
phones, as well as their perceptions on smartphone
features for PA and the type of PA reinforcement
feedback desired from the SGA. To promote clarity
and accuracy of responses, follow-up probes were
asked based on interviewee responses.
At the beginning of the focus groups and interviews,
Color Hunt and Apple Tree Shaker were briefly
described to the adolescents and parents and they
had an opportunity to play the games. This was
done so that adolescents and parents could understand what it would be like to play SGA and to
assess if this type of intervention would be enjoyable
or engaging. Also initial likes and dislikes with
games were identified. Data saturation was sufficiently achieved after conducting three focus
groups and seven interviews. Sessions were audio
recorded and transcribed verbatim. Two graduate
students and one senior researcher reviewed the
transcripts to identify meaning units and emerging
themes. This group then met to review assigned
codes and reconcile disagreements. The process was
recursive, as it guided decisions for further exploration and analysis. Coding occurred at multiple steps
which led to major themes and meaning units (MU)
shared in the Results section.
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Idea Generation Sessions
Design team members conducted five game idea
generation sessions, each lasting approximately
30 minutes. Sessions were held to get a range of
perspectives, SGA ideas and identify desirable
features. Sessions were with the target audience
(i.e. adolescents), young adults, and graduate students with a focus on behavioural science and
interactive technologies. At each session, participants were informed of smartphone features and
their functions. Participants were instructed to think
of games that could be played on a smartphone
while promoting PA. Due to the number of
participants (2040 people), the Crawford slip
method24 was employed. It is an approach used for
obtaining ideas from a large group and organizing
those ideas promptly into categories. It comprises of
pieces of paper as a data generating and organizing
tool. For the first ten minutes, participants individually brainstormed and drew game ideas on paper.
Then for five minutes, they were split into groups of
five where they explained their game idea(s). The
next ten minutes involved thinking of collective
game ideas. Participants were instructed that games
could be a modification or extension of an individually created game or a completely new game that
the group invented together.
Participants included the name and rules of the
game, phone and game features, and description of
levels and rewards. Each group illustrated hand
drawn screenshots of their game by using postersize paper. Next, each group presented their game
ideas to the other groups. Other groups provided
feedback and asked questions related to game ideas.

Scenarios and Paper Prototypes
Based on information gathered from the focus
groups, parent interviews, and idea generation
sessions, the research team designed scenarios and
paper prototypes of the potential games. When
considering which ideas to move forward for
prototype development, the top factors guiding
the decision making process included concepts
that: 1) were mentioned most frequently across the
idea generation sessions, 2) had the best potential of
engaging adolescents in movement and increasing
their PA, 3) could be reasonably developed into a
SGA prototype by the research team programmers,
and 4) did not overtly duplicate similar games
already available and readily accessible by youth
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

(e.g. Dance Dance RevolutionTM, Michael Jackson
ExperienceTM).
Scenarios are used regularly in the study of human
computer interaction and are stories that consist of
a setting, or situation state, one or more actors, with
personal motivations, knowledge, capabilities and
various tools and objects that the actors encounter
and manipulate.25 Scenarios were designed based on
different types of children who may interact with
the games (e.g. those who prefer to play competitive
games, cooperative games, or games by themselves).
Hand drawn and computer generated prototypes
(pictorial representations–rough sketches) were developed. These are visualization tools for presenting
proposed functions, structure and content of a
smartphone application.26 Using OmniGraffle27
software, computer generated prototypes were created for each game and displayed in a screenshot
layout.

Results
All adolescents (n 19; 53% male; 58% Black) were
eligible, of which 15 consented and 14 participated
in focus groups (n 1 absent on day of scheduled
focus group). Adolescent participants ranged from
ages 1116 (mage 13.4 years; 57% male; 57%
Black). Seven parents (86% Black) including six
females and one male participated in the interviews.
Adolescent Focus Groups
Table 1 displays data from focus groups. Numerous
comments were related to attractive phone qualities
(n 65 MU). Within this theme, the four most
frequently mentioned categories were downloading
applications/games (n  15 MU), online social networking (n  11 MU), ease of use (n 11 MU), and
portability of smartphones (n  11 MU). Remaining
categories included music, GPS, and texting. A
statement pertaining to the most discussed category
was, the application ‘‘gives you something new to do.
It’s like a new toy that you get for Christmas.’’ In
terms of portability: games, music and social network applications were highlighted. Texting was the
most mentioned code under ease of use. Adolescents
mostly used online social networks for social interaction/flirting and communication.
Many comments were connected to points that could
be generated through game play (n 37 MU). A
participant stated, ‘‘Points would make me feel
healthier.’’ Additionally, negative points were identified as being potentially motivating. An example
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Theme
Attractive phone
qualities (n  65)

Category (MU)
Downloading
applications/games
(n 15)

Portable (n 11)

Ease of use (n  11)

Online social network
likes (n  11)

Music likes (n 8)

GPS likes (n 5)
Texting likes (n 4)
Type of Points (n 46)

Points (n  37)

Competitive feedback
(n 9)

Sub-Categories and Sample Meaning Units
Fun  ‘‘I’d like them. They can be fun.’’
Variety-‘‘Gives you something new to do. It’s like a new toy that
you get for Christmas.’’
Cost-‘‘I like that I get everything for free.’’
Family time  ‘‘Something that me and my parents can do.’’
‘‘Games can be portable.’’
Music-‘‘Could listen to it anywhere.’’
‘‘Social Networks are portable.’’
Texting-‘‘If you had a problem with your speech than they’d be
able to understand you better texting.’’
GPS-‘‘Type in the address and show me where it is.’’
Stay in touch ‘‘To keep track of my friends and stuff’’
‘‘Keeps you up to date’’
‘‘It’s so popular’’
Ease of communication-‘‘If I get a (Facebook) message or an
alert, then I can, it just comes straight to my phone as a text
message.’’
Family connection-‘‘To talk to my other family members that I
never met’’
Sleep-‘‘Music helps me go to sleep’’
Relaxing-‘‘Music is relaxing’’
‘‘Music calms me down’’
‘‘I love music’’
Multipurpose-‘‘You can still get calls [when listening to music] so
you don’t have to worry about carrying two things around’’
‘‘To rock out!’’
Voice capability-‘‘You can get any voice that you want’’
‘‘It’s convenient’’
‘‘Texting is fun’’
Quiet-‘‘Talk privately in public’’
Positive-‘‘Points would make me feel healthier’’
Negative-‘‘When you get that negative feedback, it makes you
want to work harder’’
Competitive feedback-‘‘I’d be bragging. Ooh, I’m beating you! I’d
beat everybody.’’

Table 1: Themes, categories, and sample meaning units related to smartphone games to promote physical activity among
adolescent participating in focus groups

statement was, ‘‘When you get that negative feedback it makes you want to work harder.’’ Lastly,
competitive feedback against others (n  9 MU) was
the least discussed category. One participant in
reference to this category, exclaimed, ‘‘I’d be bragging. Ooh, I’m beating you! I’d beat everybody.’’
In response to games developed for focus group
sessions, participants generally liked Color Hunt
more than Apple Tree Shaker. Participants found
Color Hunt relatively easy to play, regardless of
variations in amount of participant movement and
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

adolescents primarily had positive responses about
it. When asked what they thought about playing
Color Hunt regularly, one sample meaning unit from
a male was, ‘‘That’d be awesome’’ and from a female
was, ‘‘That’d be really cool’’. Females, in particular,
did not like Apple Tree Shaker because male scores
were consistently higher than female scores.
Parent Interviews
Many comments were related to feedback desired
from the adolescents playing with SGA (n 27
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MU). One parent stated that ‘‘. . .give me feedback
and let me know what game they’re playing. . .’’
Another parent suggested, ‘‘They [adolescents] can
earn points based on how they play the games that
they play.’’ Another theme that was identified under
parental perception of SGA was perception of
prototype (n 20 MU). Overall, most comments
were positive (n18 MU). For example, one
parent indicated, ‘‘I think they [adolescents] should
use it. . .I don’t see anything wrong with them
[adolescents] using it.’’ Though unintended consequences for using the smartphones were not
assessed, one parent noted her concern, ‘‘. . .have
to monitor him [adolescent] because he [adolescent]
will get on the wrong websites.’’
Additionally, family PA context was a theme.
Parents perceived that their families were most
active on weekends. The activities that parents and
adolescents did the most together were walking and
playing hide and seek/tag. The main barriers for
parents included lack of motivation and feeling
tired after work. Parents perceived that the biggest
motivator for their children engaging in PA, was
seeing other children being active.
Another theme from parent focus groups was
parent experience with mhealth applications and
thoughts of effective components for adults. The
majority of parents had never downloaded a
mhealth application (n 5). Of the two that had
experience with downloading, they did not use it
because it was difficult or boring. Parents perceived
that having music, visual displays of PA data, and a
PA tracker that provided feedback would be features that would enhance a mhealth application for
adults. One parent stated, ‘‘Well I would like to see
how much movement I do. . .How much walking
you did that day. . .How many steps you made in an
hour. How many steps you made that day.’’
Lastly, parents discussed child phone applications
usage. All parents wanted to be informed of what
activities their children were playing, the duration/
frequency, and how their children were progressing
while playing the mhealth applications. For example, one parent desired to know, ‘‘Are they really
interested in the game? How long did they play it?
And um are they mastering the game to where they
can go onto another game.’’ They suggested that
their children receive feedback from the application
in terms of how well they were doing in being
physically active. Parents liked the idea of receiving
text message feedback on their child’s mhealth
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application usage and wanted to use the information to help their children stay on track by discussing the information with them. One parent noted,
‘‘I think it [application] would be good. . .It would
help both of us. . .They [children] could keep track
of what they’re doing and maybe add to it if they
wanted to up it. And then I could at least see that
they’re doing something. . .. It would let you know if
nothing had been logged for that day. . .Maybe it
could send you an instant message that your
daughter hasn’t, you know, checked in today.’’

Idea Generation Sessions
In the idea generation sessions, there were a total of
30 adolescents who were in the sessions at the Boys
& Girls Clubs (one-third of which had participated
in the focus groups), 30 older adolescents and young
adults in the Virginia Tech undergraduate course
and 20 adults of varying ages in the graduate
student group. Participants came up with various
game ideas (Table 2) that fell within the categories
of recreation (e.g. Dancing Game, Cheer Mania)
and sports (e.g. Softball Mania, Basketball for
Dummies). Both of these categories had the same
amount of game ideas. The most frequently identified sport was basketball (n 3) and for recreation
was tag (n 2). Some groups explicitly reported
how points were rewarded. For example, The
‘‘Whack-a-mole’’ group stated that ‘‘you get points
when you whack your selected mole’’. Participants
came up with simple rules and the majority of
games used the GPS, Bluetooth, and the camera.

Design and Adaptation: Scenarios and Paper
Prototypes
Based on the previously described factors guiding
decision making, the top five games selected for
prototype development were Dancing, Tag, Whacka-mole, Color Hunt, and Basketball for Dummies.
The SGA team came up with two additional games
Fish Out of Water and Sharks and Minnows by
identifying characteristics from game descriptions
from the idea generation sessions that would be
potentially motivating. Fish Out of Water involves a
player to follow directions (e.g., turn right, run
forward) given by the phone, so that he/she can save
the fish and return it back to its fish bowl before
time runs out. Sharks and Minnows is similar to
Tag but multiple people are ‘‘it’’ at the same time.
The ‘‘it’’ persons try to tag as many players who are
not ‘‘it’’ as they can before time runs out.
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Type
Recreation
(n 10)

Game

Description

- Cheer Mania
- Deer Hunter
- Musical Freeze Tag

- Obstacle Course
- ZADAT Tag (Musical/flashlight
tag)
- Funky Chicken
- Exercise Twister & Dance

- Dancing Game

- Color Hunt

- Whack-a-mole

Sports (n 6)

- Track/Field
- Volleyball
- Basketball for Dummies
- Softball Mania
- Football/Basketball/NASCAR
- Basketball

- Similar to a dance AVG but cheerleading moves instead
- Simulates deer hunting
- Run around and hide while music plays from the
phone and when it stops, everyone has to freeze or
stop where they are. The ‘‘it’’ person can see on the
phone where the ‘‘un-it’’ persons are and tag them.
- Virtual obstacle course where the player jumps, runs
and dodges obstacles
- Team or Individual tag. Music plays when person is
tagged or if in the dark, phone lights up.
- You can be different coloured chickens and you do the
funky chicken dance to the funky chicken song.
- Different types of music are played. The faster you
move, the faster the tempo of the music is, the more
points you get.
- A series of dance moves are displayed and the player
has to recreate the moves. Scores are given in points or
a letter grade based on accuracy of the dance moves.
- Pick a colour. Use the camera phone to take pictures of
the things that are the same colour as the selected
colour.
- Select a mole. Different moles stick their head out of
the ground hole. You get points when you whack your
selected mole.
- Simulates events done during track like hurdles, discus,
running
- Simulates a volleyball game
- Move around and shoot baskets. More than one
basket; Baskets move further away or side to side
- Play softball by pitching or if on offense hit the ball and
run around bases.
- Simulates real-life conditions of these activities
- 5-on-5 game

Note. AVG  active video game

Table 2: Idea Generation Sessions Results

Example scenarios are in Table 3 and corresponding
hand drawn and computer generated paper prototypes are in Figures 2 and 3. The basic rules for Tag
included that everyone was ‘‘it’’ for the same
amount of time but at different times. A player
can only get points when he/she was ‘‘it’’. The more
players the ‘‘it’’ person tagged, the more points
he/she received that round. Each round was
approximately 45 minutes long. We developed
scenarios to ensure that the game could be motivation for children who enjoyed competitive, cooperative, or individual play.

Discussion
The objective of this study was to develop SGA
grounded in design components through a usercentred approach that involved adolescents
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

throughout all phases of development for PA
promotion. This study explored user preferences
from low SES adolescents and parents for SGA
development for PA promotion. The adolescents
identified attractive qualities of smartphones (e.g.
ability to download applications/games) and that
different features were easy to use and enjoyable
(e.g. texting, GPS, and music). Moreover, they
wanted a positive/negative reward system and
appeared to be motivated by earning points. The
data suggested that they had a strong desire to
compete against peers. Additionally, parents wanted
to receive as much feedback as possible in regards to
their child’s progress. Overall, both adolescents and
parents had positive perceptions towards the Color
Hunt game and welcomed the idea of more SGA. In
terms of idea generation sessions, adolescents
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Type of Scenario
Competitive

Solo

Cooperative

Example
John and his friends each grab a phone. Today, John really wants to play the Tag application
because yesterday, he had the high score. So John urges his friends to play Tag. After playing Tag
for about 15 minutes, he is excited because he has gotten the most points. John brags to the other
adolescents, ‘‘Yes, a new high score!’’
Jimmy is the first person ‘‘it’’. While all of the kids are running around, Devion is far in the distance
playing Tag but more so playing by himself. He has discovered the precise distance that he can go
so that he won’t be ‘‘it’’ by default. Devion has to make sure to stay within the specified game
parameter and to continually move. Jimmy has a decision to make. Does he want to go for a
person that is closer so that he will get some points or does he want to go for Devion who is very
far away so that he can get lots of points?
Maji and her friends each grab a phone. They decide to play Tag in group mode. Maji and Jennifer
are the first group ‘‘it’’. Standing side by side, they come up with a quick strategy on how they will
tag others to get points. Maji runs left and Jennifer runs right. Maji enjoys playing Tag because she
can play this with her friend Jennifer and earn points tagging others.
Table 3: Scenarios for Tag

Figure 2: Hand-drawn paper prototypes of Tag
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Figure 3: Computer generated paper prototypes of Tag

described recreation and sports games that they
created. Findings highlight the importance of
adolescent engagement throughout all phases of
game application development.
Adolescents vary on their motivation or incentives
for playing games. For example, in one study where
prototypes were developed for PA promotion,
adolescents that participated in focus groups articulated that they favoured receiving motivational
phrases from a friendly female animated agent as
they interacted with the prototype.12 In contrast,
adolescents in the current study did not desire
motivational phrases nor an animated agent. Instead, they were satisfied with having quantitative
feedback/reward through negative and positive
points. This suggests that perhaps the adolescents
in the present study may have high motivation or
ability for PA and/or for playing the games.
Findings from the present study also reveal some
similarities with other studies. For example, in the
development of one study,12 characteristics of the
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

games that were desired included social, competitive,
outdoor, simple to learn, and with large variations.
This information will guide the future development
of multiple SGA for testing, such as developing more
competitive games that can be played outdoors.
Parents wanted to receive feedback from the games
that their child played. This is important because
though parents may not be present during game
play, they could help with reinforcing the importance of PA and discuss game progression with their
child. In essence, parents could act as another
external motivator for PA promotion. During
game testing, the impact of having a parent as a
motivator could be tracked by asking the adolescents, how often their parent asked about game
usage or PA. Since most parents had minimal
experience with smartphone applications, it was
surprising that these parents were supportive of
their children using SGA for PA. It was encouraging
that parents were willing to learn how to use their
phones to obtain their children’s PA and SGA usage
information.
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Adolescents described the desire to play games that
included activities (e.g. basketball, tag) that they
were comfortable doing. During idea generation
sessions, this was inferred when each group presented to the other groups. This also implies that
novelty or unfamiliarity of a game could be a barrier
for PA. Therefore, as games are created, familiar
concepts of games will be included. Our emphasis
on tailoring mobile technology to user preferences
is also supported by other studies.28,29 For example,
one previous study found the impact of an electronic system designed to help children and their
parents was minimal because desires of the children/parents were not investigated.29 These findings
highlight that the impact of technology can be
diminished when designers make their own assumptions about the desires/needs for technology, without engaging the end user in the process.
Additionally, from a design perspective, adolescents
identified that they were comfortable with various
phone features. GPS will be incorporated into
games, whereby the games will interact with the
adolescents’ real-time environment. For example, if
the adolescent is playing on an open field versus on
a playground, the GPS could detect that and then
adjust the game accordingly. Background music and
sound effects can be integrated into the games.
Further, the type of music and sound effects that
are suitable for adolescents will be explored. Text
messaging can be enabled during game play so that
adolescents can communicate through texts for
people who may be playing the same game at the
same time but in a different location.
The current study had several strengths. It used
adolescent and parent engagement throughout the
design and development process. Perceptions and
experiences were assessed and idea generation sessions
for potential prototypes were held. Specifically, engaging youth throughout phases of health promotion
technology-based program development and design
has been noted as viable in past literature.15 Though,
this process may take longer than other approaches
(e.g. researcher-centred), it may increase adherence
and prolong engagement in health promotion technology programs and health behaviours.
This study is not without limitations. Perception
was only assessed and thus it is unknown if SGA
will be utilised once the adolescents have access to
it. Also, the sample size for the focus groups and
interviews was relatively small. However, qualitative
data saturation was achieved. Indicating that the
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sample size was appropriate. Moreover these participants were mainly of low SES, so results may not
be generalizable to other populations.
After reviewing past literature and analyzing the
information from this study, the following activities
are recommended. Adolescents and their parents
should be engaged early on in the development of
health promotion technology-based programs.
Since the adolescents in the current sample were
familiar with using different phone features it is
suggested that future designers integrate more
phone features into health promotion applications.
Easy to understand instructions should be provided
in words, images, sounds, and tactile sensations.
Games should have a competitive element but not
too competitive so that certain individuals are not
deterred from playing. Moreover, a social networking feature should be incorporated which consists of
a established
online† social networking
sites (e.g.
†
†
Facebook , Twitter , Instagram ) or one just for
that particular application. There should be variations within the game (e.g. different levels of
difficulty, rewards) and a number of games to play
with. Lastly, it is recommended that parents be
provided feedback on their child’s behavior change
progress.

Conclusions
The current study results suggest that it would be
acceptable and promising to continue development
of SGA and test their feasibility and effectiveness in
this population. It is also implied that SGA could
promote PA in this population. The aforementioned
approach provides a guide as to how to design and
develop SGA.
Ongoing work focuses on continued development and
deployment of SGA. Availability and cost of sensorbased devices enables youth groups and families to
invest in the technologies necessary to put SGA into
the hands of adolescents. In so doing, that will make
possible longitudinal, real-world tracking of the use
and impact of SGA*toward better understanding
their effectiveness and promise.
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Background: Auscultation with stethoscopes is essential to the physical exam. However, the
stethoscope has not appreciably changed since Leared and Cammann developed the first binaural
stethoscopes in the mid 1800s. Technological advances make it possible to use smartphone
technology to auscultate patients. The HeartBuds, a listening device that integrates with an iPhone
app, achieves this purpose.
The purpose of this study was to compare HeartBuds’ acoustic superiority over the FDA approved
class I blue disposable stethoscopes, which are commonly used in practice to reduce hospital infection
rates, and demonstrate equivalence to the gold standard FDA class I analog stethoscope, the Littmann
Cardiology III, and the FDA class II digital stethoscope, the Littmann Electronic 3200.
Methods: 50 adult patients were auscultated with each of the above-mentioned stethoscopes by two
independent examiners. They rated their acoustic quality and completed surveys documenting body
sounds heard.
Results: The disposable stethoscope was significantly worse at identifying cardiac murmurs
(p B 0.002), and performed poorly when auscultating for carotid bruits (p B 0.058). The HeartBuds
stethoscope was equivalent to its more commonly used counterparts, the Littmann Cardiology III
and the Littmann Electronic 3200. Examiners also found it to be of comparable acoustic quality to
these models.
Conclusion: HeartBuds is a smartphone compatible listening device that was superior in examining
cardiovascular sounds to approved FDA Class I disposable stethoscopes, and equivalent to FDA
approved class I and class II Littmann stethoscopes. Considering HeartBuds equivalence to more
expensive stethoscopes while costing much less, the HeartBuds can potentially reduce infection rates
without sacrificing quality.
Journal MTM 5:1:4551, 2016
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Background
Auscultation is essential to physical examination.
All physicians have learned how to listen to patients
using a stethoscope, and most physicians use auscultation in everyday practice. Auscultating patients
has origins in ancient Egyptian medicine. Arthur
Leared and George Cammann developed the binaural stethoscopes familiar today in the mid 1800s.
Now, medicine is at a crossroads between reducing
costs and improving quality. Technology available
today can help achieve this, and the stethoscope is a
medical device that is ready for such innovation.
Furthermore, a Mayo Clinic study1 examined physician stethoscope bacterial concentrations and
found they facilitate the horizontal transmission of
millions of the bacteria that place acutely ill patients
at risk for hospital acquired drug resistant infections, including MRSA. It supports numerous
others before it, which have observed that stethoscopes are frequently contaminated with enterococci,2
Staphylococcus aureus, and other Gram-positive
bacteria.3 One major vector of infection is the
stethoscope, yet physicians use them with thousands
of patients yearly, often with poor compliance in
sanitizing them between each patient interaction.4
Millions of stethoscopes are sold every year in the USA
ranging from low quality, low cost disposable stethoscopes to higher quality, more expensive stethoscopes
used by cardiologists and other healthcare professionals that demand a high acoustic quality level.
The FDA classifies analog stethoscopes as Class I
medical devices, and newer model electronic stethoscopes are classified as Class II medical devices.
Mobile phone devices used for healthcare applications are also considered Class II medical devices.
This quality study introduces the HeartBuds electronic stethoscope, a personal auscultatory device
that uses the Apple iPhone† and a physician’s own
headphones to record and auscultate a patient. By
using the advanced sound processors designed to
listen to distant sounds (Audience, Inc., Apple, Inc.)
already built into ‘‘Siri enabled’’ iPhones (iPhone 4S
and newer), the HeartBuds system bypasses requiring expensive internal electronics and as a result,
costs about $6 to produce per unit. In contrast, the
Littmann Electronic 3200 has a retail price of
approximately $397 and the Cardiology III has a
retail price of approximately $155.
In a recent in vivo study comparing HeartBuds to
the Littmann Electronic 3200 and two passive
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

disposable stethoscopes, HeartBuds demonstrated
higher overall sensitivity than the other models, and
both electronic stethoscopes demonstrated superiority in allowing auscultation of sounds of very high
and low frequencies, making it suitable for auscultating cardiovascular and valvular sounds.5
This study focuses on demonstrating HeartBuds’
acoustic equivalence to the traditional stethoscopes
used by many physicians and medical students
today, and superiority to the blue disposable stethoscopes commonly used in hospitals today to reduce
risk for nosocomial infection.

Materials and Methods
This clinical quality study compared the Littmann
Cardiology III, a class I FDA approved medical
device, Littmann Electronic 3200, a class II FDA
approved medical device, and a generic disposable
stethoscope commonly used in hospital wards,
which is also a class I FDA approved medical device
to the HeartBuds system (Figure 1). Two examiners
were used with each patient, each performing a
cardiac, pulmonary, and abdominal auscultative
exam with each patient participant. Good auscultatory technique was performed per Bates Guide to
Physical Examination.6
For the cardiac exam, patients were auscultated for
carotid bruits, and murmurs in the aortic, pulmonic,
tricuspid, and mitral positions. For the pulmonary
exam, patients were auscultated on their chest and
back for abnormal breathing sounds. For the abdominal exam, examiners listened for bowel sounds
and the presence of abdominal vascular bruits.
Participants were selected to participate blindly,
during scheduled office visits in a cardiology and
a pulmonology clinic based in Orlando, FL. Neither
participants nor examiners were aware of any
auscultatory pathophysiology. Patients with documented auscultatory pathophysiology, patients unwilling to participate, and patients younger than
18 years of age were excluded from this study. Each
examiner individually auscultated and recorded his
findings from each device, documenting what
sounds were heard and making a quality measurement using a Likert scale, 15, 1 being the worst
quality and 5 being the highest quality. The quality
measures were averaged for each examiner for each
type of auscultatory exam, cardiovascular, pulmonary, abdominal, and carotid bruits.
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Limann
Electronic
3200

Limann
Cardiology
III

Both examiners auscultated with the disposable
stethoscope first, because of the expectation that
this device would be the least sensitive, and then they
were free to listen with the other three devices in any
order they please. 50 patients were auscultated to
allow for sufficient numbers of abnormal findings,
which would aid in sensitivity analysis for these
devices.
For the Littmann Electronic 3200 stethoscope,
examiners were allowed to adjust the volume
settings to levels they were comfortable with. Likewise, examiners were allowed the same with the
HeartBuds unit. Examiners plugged the HeartBuds
device into their personal iPhone 5S, loaded with
the HeartBuds app available on the App Store.
Examiners used Apple EarPods, which plugged
directly into the HeartBuds unit. These are the
standard headphones supplied with Apple iPhones
today (Figure 2).
Data was collected using surveys, which contained
questions about the sounds heard specific to the
cardiac, pulmonary, abdominal, and carotid examinations. Each examiner was given four surveys to
fill out, one per device. Data was gathered into two
separate Excel documents, which were then organized and combined for data collection.

ADC
Proscope
665
Disposable
Stethoscope

Kappa coefficients and paired student T-test were
calculated to compare inter-rater reliability and
device comparability, respectively. Device quality
was calculated based on means of the examiner
Likert scores for each device.
The study was approved by the Institutional Review
Board (IRB) at Orlando Health.

HeartBuds
with
corresponding
iPhone
Applicaon

*Note that current model of HeartBuds plugs into iPhone’s 3.5 mm headphone port,
and that the user plugs his/her headphones into the HeartBuds’ 3.5 mm headphone
port to listen to sounds

Figure 1: Stethoscopes used in daily practice
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Results
The results show that device quality perception
varied little between examiners for each of the
devices, and kappa coefficients demonstrate high
interrater reliability between devices: 0.85 for cardiac
murmurs (Table 1, Table 2). The HeartBuds (range:
3.23.45) was of comparable quality to the Littmann
Electronic 3200 (range: 3.524.17) and Cardiac III
model stethoscopes (range: 3.413.48).
Compared to the disposable stethoscopes, the two
Littmann models and the HeartBuds stethoscope
were much more effective in auscultating cardiac
murmurs (Table 3). Likewise, the three advanced
models were more effective in auscultating carotid
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Average
Examiner Examiner between
1
2
examiners

Cardiac Exam
Disposable
HeartBuds
Littmann
Electronic 3200
Littmann
Cardiology III
Pulmonary Exam
Disposable
HeartBuds
Littmann
Electronic 3200
Littmann
Cardiology III
Abdominal Exam
Disposable
HeartBuds
Littmann
Electronic 3200
Littmann
Cardiology III
Carotid Bruits
Disposable
HeartBuds
Littmann
Electronic 3200
Littmann
Cardiology III

1.3
3.24
3.6

1.58
3.32
3.56

1.44
3.28
3.58

3.54

3.28

3.41

1.9
3.5
3.52

1.78
3.14
3.52

1.84
3.32
3.52

3.64

3.32

3.48

1.8
3.44
4.12

1.86
3.46
4.22

1.83
3.45
4.17

3.56

3.3

3.43

1.74
3.58
3.88

1.88
3.26
3.66

1.81
3.42
3.77

3.52

3.32

3.42

Likert scale, 1 (lowest quality)-5(highest quality)

Table 1: Mean Device Quality (50 patients)

Discussion
Figure 2: Apple EarPods and iPhone 5S

bruits than the disposable stethoscope (Table 4). All
four stethoscopes had comparable performance
when auscultating adventitious pulmonary sounds
and abdominal sounds (Table 5, Table 6).
A paired T-test was performed using the Littmann
Cardiology III as the gold standard measurement
(Table 7). For auscultating cardiac murmurs, the two
Littmann models and the HeartBuds stethoscope
were comparably effective in detecting murmurs,
while the disposable stethoscope was significantly
worse (p B 0.002). Auscultations of pulmonary and
abdominal sounds were not significantly different
between the four stethoscopes.
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The results indicate that disposable stethoscopes
(FDA class I) are of significantly lower quality when
auscultating heart sounds (p B 0.002) and for carotid bruits (p B 0.058) than the other three devices
tested. HeartBuds is equivalent to the gold standard
stethoscopes used by many physicians today, the
Littmann Cardiology III (FDA class I) or the
Littmann Electronic 3200 (FDA class II).
When considering the raw data in a study population
of 50 patients, approximately 43% of cardiac murmurs were missed if examiners were using the
disposable stethoscope compared to the Littmann
Cardiology III, Littman Electronic 3200 or HeartBuds. It is interesting to note that there were
two patients whose bruits were picked up by the
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Disposable HeartBuds
Cardiovascular murmurs
Pulmonary, adventitious
Abdominal sounds, bowel
sounds
Carotid bruits

Littmann Electronic
3200

Littmann Cardiology
III
Overall

0.82
0.78
0.66

0.87
0.64
0.38

0.92
0.88
1

0.79
0.81
1

0.85
0.7775
0.76

0.02

0.73

0.65

0.85

0.55

Examiner 1

Examiner 2

9
19
19
16

12
20
21
21

Table 2: Interrater Reliability (Kappa values)

HeartBuds stethoscope, but not by the Littmann
Electronic 3200. This could be due to examiner error,
or it could be related to the HeartBuds larger range
of acoustic recording, which exceeds the acoustic
range of the Littmann Electronic 32005. There was
no difference in performance between devices for
abdominal and pulmonary sounds, presumably because these sounds are coarse and easily distinguished
compared to pathophysiological heart sounds.
Similarly, the disposable stethoscope did not allow
examiners to pick up carotid bruits in 66% (Examiner 2)-75% (Examiner 1) of patients. With a larger
sample size, the researchers are confident that the
disposable stethoscopes would perform statistically
worse than the other models when examining for
carotid bruits. Examiners also judged the quality of
the HeartBuds to be superior to disposable stethoscopes. However, the Littmann stethoscope models
were rated higher in quality, though the difference
was small compared to the perceived quality difference between the disposable stethoscope and these
three models. The researchers believe this difference
in quality could be due to the prototype device not
being wireless. It often got tangled, and the device
itself has no onboard electronics or batteries that
would add a little more weight to the device and give
it more heft in an examiner’s hand. Future device
models will contain Bluetooth antennas and a
rechargeable battery. Both additions would address
this issue.
A laboratory audio analysis proved the electronic
stethoscopes (HeartBuds and Littmann Electronic
3200) to be acoustically superior to the two low cost
disposable stethoscopes tested5. Electronic stethoscopes have about 10 times higher sound amplification than the passive stethoscopes tested. Passive
stethoscopes of all types have tubing that resonates
at a low frequency, which allows them to pick up low
frequency sounds best at the expense of sounds at all
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Device
Disposable
HeartBuds
Littmann Electronic 3200
Littmann Cardiology III

Table 3: Cardiovascular Murmurs Auscultated (n 50)

Device
Disposable
HeartBuds
Littmann Electronic 3200
Littmann Cardiology III

Examiner 1

Examiner 2

1
4
4
4

1
4
2
3

Table 4: Carotid Bruits Auscultated (n 50)

Device
Disposable
HeartBuds
Littmann Electronic 3200
Littmann Cardiology III

Examiner 1

Examiner 2

4
5
4
6

6
4
5
6

Table 5: Pulmonary Adventitious Sounds Auscultated
(n50)

Device
Disposable
HeartBuds
Littmann Electronic 3200
Littmann Cardiology III

Examiner 1

Examiner 2

48
46
49
49

49
49
49
49

Note: No abdominal bruits were auscultated in the study population

Table 6: Abdominal Sounds Auscultated (n50)
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Paired t-test
Detection
Cardiovascular murmurs

Pulmonary, adventitious

Abdominal sounds, bowel sounds

Carotid bruits

Compared to Littmann Cardiology III
Scope
Disposable
HeartBuds
Littmann Electronic
Disposable
HeartBuds
Littmann Electronic
Disposable
HeartBuds
Littmann Electronic
Disposable
HeartBuds
Littmann Electronic

p-value (pB0.05)

3200

3200

3200

3200

0.002
0.322
0.083
0.159
0.083
0.261
0.322
0.083
1.000
0.058
0.322
0.322

95% CI
( 0.2571,
( 0.0202,
( 0.0041,
( 0.0481,
( 0.0641,
( 0.0830,
( 0.0301,
( 0.0641,
*
( 0.1018,
( 0.0101,
( 0.0301,

0.0629)
0.0602)
0.0641)
0.0081)
0.0041)
0.0230)
0.0101)
0.0041)
0.0018)
0.0301)
0.0101)

*Data was identical between the Electronic 3200 and Cardiology III for abdominal sounds

Table 7: Differences between stethoscope models in detecting physiologic sounds, compared against Littmann
Cardiology III

other frequencies. Electronic stethoscopes have little
to no tubing contributing to sound amplification,
and as such, can pick up higher frequency sounds
more easily.
The researchers theorize that the sound processing
technology aboard Apple’s iOS products is helpful in
making HeartBuds good at picking up heart sounds.
More specifically this technology was originally
developed to pick up distant vocal sounds, and as
such it would aid in auscultating distant body
sounds as well. By using technology already available in many people’s pockets, this product can be
implemented at a cost effective level yet maintain a
high level of quality.

Conclusion
This study has numerous clinical implications due to
vigorous interest in mobile health and its role in
healthcare innovation. The HeartBuds can be a low
cost, high quality substitute for higher cost devices.
By being remotely used from any iPad or iPhone
device, cardiac sounds can be recorded and replayed
in a similar manner to current heart rhythm monitors found in cardiac wards today. The researchers
believe that the HeartBuds can be a part of a wireless auscultation solution that will eliminate stethoscope surfaces available to transfer bacteria between
patients.
Because it is comparable in cost to the disposable
stethoscopes examined, it is conceivable that the
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HeartBuds can be used in the clinical setting to
improve auscultative quality while reducing nosocomial infection risks. The researchers theorize that
compliance with procedures involving disposable
stethoscope use is low due to its poor quality,
thereby undermining its purpose as a tool to reduce
infection risk. Future studies with this device will
attempt to prove the HeartBuds can reduce hospital
infection rates due to horizontal transmission of
bacteria via stethoscopes.
Overall, HeartBuds has the potential to reduce
infection risk while being of comparable quality to
stethoscopes that cost hundreds of dollars. Healthcare professionals may not be getting what they pay
for by trusting the stethoscopes they know and love,
and the rapidly evolving field of mobile health is
proving this starting with the HeartBuds.
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Apple opened its App Store in July 2008. In the intervening years over 30 billion applications, or ‘‘apps’’,
have been downloaded. Other manufacturers also have their App Store equivalents though Apple
commands by far the biggest share of the market. Whilst the overall percentage of medical apps available
for download from these app stores is relatively small, they are, due to the sheer size of the market, quite
high in number. There are more than 30,000 ‘‘Medical and Healthcare & Fitness’’ apps on Apple’s App
Store alone. The nature of these varies immensely, ranging from those which are purely fitness and
exercise related to those which are tantamount to medical devices. It can be hard for healthcare
professionals to identify which apps are appropriate for clinical use since they tend to be assigned an app
store category dependent on the suggestion of the developer. This means that categorisation is at best
superficial and at worst misleading. In addition, relatively little information about safety, quality control
and regulatory compliance is provided. Until these systems catch up with technology, healthcare
professionals should be wary of apps that make claims of medical or quasi-medical functionality but then
seek to disclaim liability for such functionality in the small print of their user conditions. Allied to the
phenomenal increase in the number of medical apps available for use by healthcare professionals has been
the use by them of mobile devices for the purposes of their work. In addition to the rate of increase in the
use of medical apps’doctors and other healthcare professionals are designing their own apps for in-house
and wider circulation. This innovation gives rise to a number of practical, legal and regulatory issues of
which potential app developers ought to be aware. The aim of this article is to provide an accurate yet
accessible account of the law and regulatory provisions relating to these issues for those without any
formal legal training. Specifically, the following are considered in detail:
(i) The applicability of the European Medical Device Directive and the implications that has for app
developers;
(ii) The effect of the Federal Food, Drug, and Cosmetic Act and the Food and Drug Administration’s
guidance and the implications that it has for app developers planning to distribute their app in the
United States;
(iii) App ownership;
(iv) Intellectual property rights including copyright, patents, trademarks and the implications of using
open source software;
(v) Personal liability (and ways to avoid it);
(vi) Data protection and security requirements;
(vii) UK consumer protection law: the Sale of Goods Act 1979;
(viii) The implications of specific operating system licence terms; and
(ix) How to manage app use within your organisation.
Journal MTM 5:1:5261, 2016
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A legal and practical guide to mobile medical
application (‘‘app’’) development in the United
Kingdom, and the United States Europe:
navigating a potential minefield

or handicap. It also extends to anything that is
involved in the control of conception or the
investigation, replacement or modification of anatomy or of a physiological process

Overview
Apple opened its App Store in July 2008. In the
intervening years over 30 billion applications, or
‘‘apps’’, have been downloaded. Apple hosts more
than 30,000 ‘‘Medical and Healthcare & Fitness’’
apps ranging from those that are purely fitness and
exercise related to those that are tantamount to
medical devices. Whilst the overall percentage of
medical apps available for download is relatively
small, they are, due to the sheer size of the market,
quite high in number. In addition to the rise in fitness
and health technology use on smartphones and other
devices, the advent of a wave of wearable devices has
given rise to myriad opportunities for people to
manage their own health and share their information
in real time with their own healthcare professionals.

There was debate for a time about whether computer code alone (such as that used to produce apps)
could possibly amount to a medical device. The
European Commission has since made clear that
standalone software (which would include apps)
with a ‘‘medical purpose’’ may qualify as a medical
device.4

So what is the rub? Relatively little information
about safety, quality control and regulatory compliance is provided by app developers. They often make
claims of medical or quasi-medical functionality but
then seek to disclaim liability for such functionality
in the small print of their user conditions. In addition
to app development by non-healthcare professionals,
today’s health workers are designing their own apps
for in-house use and wider circulation by fellow
professionals and by their patients. These innovations will surely be a major method of delivering
healthcare in the coming century and beyond. We
must embrace and encourage their development but
we must do so with open eyes and an awareness of
the practical, legal and regulatory responsibilities
that arise. This article seeks to address those issues in
an accessible manner suitable for those with a nonlegal background.
Is your app a medical device?
In the European Union the Medical Device Directive2
(the ‘‘MDD’’) provides guidance about whether an
app is a medical device and, if it is, the implications
that has for you as an app developer.
What is the definition of a medical device?
A medical device includes any software that is
intended to be used for diagnostic and/or therapeutic purposes.3 This includes the diagnosis, prevention, monitoring or treatment of any disease, injury
#JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

The Medicines Health and Regulatory Authority
(the ‘‘MHRA’’) is the body which governs the
regulation of medical devices, including medical
apps, in the UK. Its role is to ensure compliance
with the MDD and it has issued additional
guidance to help developers decide whether their
app amounts to a medical device.5 The main points
of this guidance are:








If software is purely a record archiving and
retrieval system it is unlikely to be considered
a medical device.
If software includes a module that interprets
data or performs a calculation, then it is likely
that this module will be considered a medical
device.
Decision support software will generally not
be considered a medical device if it exists to
provide already existing information to enable
a healthcare professional to make a clinical
decision. However, if it performs a calculation
or the software interprets or interpolates data
and the healthcare professional does not
review the raw data, then this software may
be considered a medical device.
The MHRA also states that if an app contains
the following words or phrases in the description of its intended use then it is likely that it
will be considered a medical device: amplifies,
analyses, interprets, alarms, calculates, controls, converts, detects, diagnoses, measures or
monitors.

Standards to be met if the MDD applies to your app
The standards to be met essentially depend on the
risk that an app that constitutes a medical device
poses to health.6 Class I includes most non-invasive,
relatively low risk devices and is likely to cover most
apps. Class IIa devices are low to medium risk
devices such as hearing aids, ECG machines and so
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on. Class IIb devices are medium to high risk
devices such as infusion pumps and ventilators.
Class III devices are high risk and include devices
such as intravascular catheters, stents and prosthetic
heart valves.

What if the app is provided free of charge?
Whether or not you charge for your app, the MDD
is clear that if you make it available for download
and it is a medical device then you must comply
with its terms.

Safety requirements
Unsurprisingly, the MDD requires devices to be
designed and manufactured in such a way that they
do not compromise the clinical condition, health or
safety of patients, users or others.7

The United States’ position on apps as medical
devices

Risk reduction/elimination requirements
App manufacturers must eliminate or reduce risks
to patients and users insofar as is possible and,
insofar as it is not, must take protective measures
(e.g. by incorporating alarms) and inform users of
residual risks that they have not been able to deal
with.8
Performance requirements
Devices must achieve the level of performance
intended by the manufacturer and must be designed
and manufactured in such a way that they are
suitable for the functions of the device as specified
by the manufacturer.9
Quality requirements
The manufacturer must ensure that their device is
robust enough to withstand the normal stresses of
use. More specifically, the manufacturer must apply
the criteria in the prescribed quality system and
evidence in writing that this has been done.10 The
manufacturer must also affix the ‘‘CE’’ marking to
indicate quality standard compliance.11 The main
part of this process involves lodging an application
for assessment of the device with a ‘‘notified body’’
(the MHRA in the UK).
What if someone uses the app for a purpose for which
it was not designed or intended?
The MDD states that the intended purpose of a
medical device means the use intended ‘‘according
to the data supplied by the manufacturer on the
labelling, in the instructions and/or in promotional
materials’’.12 You must, therefore, be extremely
clear about this in the information that you supply
for prospective users on whichever app store(s) you
elect to use.
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What is a medical device in US law?
In the US, medical devices are governed by the
Federal Food, Drug, and Cosmetic Act
(‘‘FFDCA’’)13. The definition of a medical device
is contained in section 201(h) and includes:
‘‘..an instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or other similar or related
article, including any component, part, or accessory, which
is
(1) recognized in the official National Formulary, or the
United States Pharmacopeia. . .,
(2) intended for use in the diagnosis of disease or other
conditions, or in the cure, mitigation, treatment, or
prevention of disease, in man or other animals, or
(3) intended to affect the structure or any function of the
body of man or other animals, and which does not achieve
its primary intended purposes through chemical action
within or on the body of man or other animals and which is
not dependent upon being metabolized for the achievement
of its primary intended purposes.’’

If the device is intended to be used as an accessory
to an already regulated medical device or will
transform a mobile platform into a regulated
medical device then it will be considered to be a
medical device. The Food and Drug Administration
(‘‘FDA’’) will only enforce the FFDCA in relation
to apps that are medical devices which pose a risk to
a patient’s safety if the mobile app were to fail to
function as intended. The FDA categorises these
apps as ‘‘mobile medical apps’’.
Most medical mobile apps do not fall within this
definition and the FDA does not regulate them.
Apps that do meet the definition are stratified
according to the risk that they pose to the public.
There are three categories:
(i) Class 1 (low risk devices)  only the ‘‘general
controls’’ referred to below apply and the
FDA will exercise ‘‘enforcement discretion’’
which means, in effect, that it will not enforce
the requirements of the FFDCA.
(ii) Class 2 (intermediate risk)  the ‘‘special
controls’’ referred to below will apply.
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(iii) Class 3 (high risk)  these apps must meet the
requirements of the FFDCA and will require
pre-market approval by the FDA.

What is a mobile app?
This is defined as a software application that can be
run on a mobile platform or a web-based software
application that is tailored to a mobile platform but
is executed on a server.

Who is a manufacturer?
Anyone who initiates specifications, designs, labels,
or creates a software system or application for a
regulated medical device is considered to be an app
manufacturer. Those who exclusively distribute
apps, for example Google Play and the Apple
iTunes App Store, are not manufacturers.
Where a person prepares specifications or procures
product development services from other individuals or entities (e.g. from a third party app
developer or, in theory, an app incubator though
these are not specifically mentioned) who then
create an app, the person who initiated and developed the original specifications is considered to be
the manufacturer.
Software/app developers who simply transform the
author’s specifications into a mobile medical app
are not manufacturers. Similarly, mobile platform
manufacturers (e.g. smartphone producers) are not
considered to be medical device manufacturers
simply because their platform can be used to run
a regulated app.
It is important to note that a creator of a mobile
medical app that provides access to the medical
device’s function through a website subscription or
other similar means is considered a mobile medical
app manufacturer.
Licensed healthcare professionals who manufacture a
mobile medical app for use in their professional
practice and do not promote it to be generally used
by others outside their practice are not manufacturers.
The FDA recommends that manufacturers of all
mobile apps that might meet the definition of a
device follow the ‘‘Quality System’’ in the design
and development of their app and initiate prompt
corrections to their mobile medical apps, when
appropriate, to prevent patient and user harm.
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Types of regulated apps
Apps that are an extension of a medical device
Apps that connect to existing medical devices in
order to control them or to use them to monitor a
patient or to analyse or display the device’s data will
be considered to be devices and must comply with
the controls applicable to the connected device.
Examples include:




apps that control the inflation and deflation
of a blood pressure cuff through a mobile
platform;
apps that control the delivery of insulin by a
pump by transmitting signals to the pump
from the mobile platform.

Mobile medical apps of this type are considered an
accessory to the connected device.
Attachments, display screens or sensors that transform
a mobile platform into a device
Apps like these may transform the mobile platform
into a regulated medical device and are required to
comply with the device classification associated with
the transformed platform. The connection can be
direct (wired) or indirect (wireless). Examples given
by the FDA include:








attachment of a blood glucose strip reader to
a mobile platform to function as a glucose
meter;
attachment of ECG electrodes to a mobile
platform to measure, store, and display ECG
signals;
a mobile app that uses the built-in accelerometer to collect motion information for
monitoring sleep apnoea; and
a mobile app that uses the sensors on a mobile
platform for creating electronic stethoscope
function.

Apps that become a regulated device by performing
patient-specific analysis, diagnosis or providing
treatment recommendations
Mobile apps that analyse or interpret data sourced
from another medical device must meet the FDA’s
requirements as they are considered to present the
same level of risk to patients whichever platform
they run on. Such apps include those that use
patient-specific parameters to calculate a drug dose
or create a dosage plan for radiation therapy.
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Mobile Apps for which the FDA intends to exercise
‘‘enforcement discretion’’
The FDA will not enforce FFDCA requirements in
relation to mobile apps that:








Help patients manage their disease themselves
without providing specific treatment or treatment suggestions;
Provide patients with tools to organise and
track their health information;
Provide easy access to information related to
the patient’s health condition(s) or treatment(s); or
Automate simple tasks for health care
providers.

Regulatory requirements
Class I devices
The US Code of Federal Regulations (‘‘CFR’’)
General Controls apply to Class I devices. These
include:









Establishment Registration14  provides for
formal registration of the entity (company,
individual, partnership, etc.) that produces a
device;
Medical Device Listing15  various pieces of
information relating to those responsible for
the device must be registered, for example:
name, address, web address, contact details;
Quality System Regulations16  these require
device manufacturers to establish and maintain a quality system that is appropriate for
the specific medical device(s) designed or
manufactured. They do not prescribe how a
manufacturer must produce a device, rather
they provide a framework for manufacturers
to develop to help to ensure that their
products consistently meet applicable requirements and specifications. In addition, app
manufacturers must verify and validate their
apps and the mobile platform they plan to use
to ensure safe and effective distribution,
installation, and operation;
Labelling Requirements17;
Medical Device Reporting18  these provisions require manufacturers and importers of
medical devices to submit reports to the FDA
whenever they receive or become aware of
information that suggests that a device they
market may have caused or contributed to a
death or serious injury (or has malfunctioned
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in a way that would be likely to cause or
contribute to a reportable death or serious
injury if the malfunction were to recur);
Premarket Notification19  any entity that is
required to register its establishment (see
above) must submit a premarket notification
submission to the FDA at least 90 days before
the introduction, or delivery for introduction,
into interstate commerce for commercial distribution of a device intended for human
use20; and
Reporting Corrections and Removals21  if a
device manufacturer or importer has to correct a device or remove it from circulation
then they must submit a written report to the
FDA.

Class II devices
Class II devices must comply with the General
Controls above as well as a set of Special Controls.
Special controls are usually device-specific and
include:







Performance standards;
Postmarket surveillance;
Patient registries;
Special labelling requirements;
Premarket data requirements; and
Guidelines.

In some cases Class II devices also require premarket approval.
Class III devices
Class III devices must comply with the General
Controls and gain premarket approval from the
FDA.

App ownership and intellectual property rights
Intellectual property rights fall into one of four
main categories: copyright, patents, trademarks and
trade secrets. In relation to apps, copyright is the
primary right of relevance though the others may
also come into play at some point in the lifetime of
an app.
Copyright
Copyright exists in the expression of an idea rather
than in the idea itself. In the context of software and
apps this means that copyright exists in the written
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source code (the ‘‘human readable’’ computer
programming language) and in the object code
(the ‘‘computer readable’’ string of binary numbers
into which the source code is translated). Copyright
is owned by the author of the code and it arises as
soon as the code is written: it does not have to be
claimed or registered. There are a number of special
situations that need be considered in the context of
copyright in apps relating to the rights and obligations of:





Employees;
Third party contractors (i.e. app developers);
and
Company founders and shareholders.

Employees
There is an exception to the general ‘‘copyright
ownership by author’’ rule already described which
relates to employees: if programme code is written
by an employee in the course of his or her employment then, subject to any specific agreement to the
contrary, the employer will be the owner of the
copyright. Employee-created works of this nature
are sometimes known as works ‘‘made for hire’’.22
It is important to note that the works ‘‘made for
hire’’ presumption only applies to copyright. It does
not apply to other intellectual property rights that
might exist in the work (trademark rights, patents
and so on). It is therefore crucial to ensure that each
employee signs an agreement that assigns to you
ownership of all other intellectual property in work
that s/he creates whilst employed by you.
Third party developers
The question of ownership is less clear when app
development is not conducted in house but is
outsourced to a third party contractor such as an
app developer. In these circumstances the usual
position is that the developer who has been
commissioned to produce the app will own the
copyright in the programme code notwithstanding
the fact that the commissioner of the work has paid
for it to be done. This position can be altered by
contract and it is vitally important that this issue is
considered and addressed before the developer is
engaged.
You should enter into a written agreement with the
developer which assigns ownership of the intellectual property rights in the app to you.23 If you do
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not then the developer will own those portions of
the app which s/he developed on your behalf. You
would simply have an implied licence to use the end
product which may result in restrictions that are
unacceptable to you.
Sometimes a third party developer may want to
retain ownership of some of the code that it creates
in the course of developing your app. This is usually
code that is not specific to your app and could be
used by the developer in the future to develop its
own apps or to develop apps for others (sometimes
referred to as ‘‘generic’’ code). You should approach
any such requests with caution. The developer
should provide you with a clear written description
of code that it considers to be generic. It can be
difficult for those who are not fluent in the language
of programmer’s code to determine whether code is
generic or essential so you may need to take expert
technical advice in such circumstances.
A slightly different scenario occurs if the developer
includes any of its own existing code in your app.
If it does then it should grant you a broad and
irrevocable licence so that you can market your app
with their code included in it.
If the developer intends to use any code that
belongs to another party in your app (for example,
code that it has developed for someone else), you
must obtain written assurances from them in
relation to the following: first, the third party
developer must give you a clear description of the
code it plans to use and obtain your permission to
include it; and second, it must obtain the written
permission of the owner of the code to utilise it in
your app.
Finally, there is a legal obligation on you under the
MDD to exercise sufficient control over the developer to implement post market surveillance and
take corrective action where necessary (e.g. bug
reporting and resolution). The contract between
you and your developer should therefore consider
these issues, and the design of the app may need to
include the ability to notify users or even terminate
use if corrective action is required.

Founders: avoiding the Facebook problem
Often more than one person is involved in the idea,
design and/or development of an app. This may
relate to the underlying concept, the coding of the
app or the architecture and interface of it. It is wise
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to ensure that an express agreement is concluded
which states clearly the expectations, obligations
and entitlements of all of those who have been
involved. These provisions may range from matters
such as the right to use, distribute and/or modify the
code for the app through to the right to remuneration from its proceeds. The clearer all parties are at
the outset about app ownership, the sharing of
revenue and the decision making process going
forward the better.
Copyright in open source software
Many app developers now use varying amounts of
open source software (‘‘OSS’’) in the development
of apps. OSS is source code that is made generally
available and can be used by anyone subject to the
terms of a licence determined by the copyright
holder (usually the original author or, more often,
authors since much OSS is the result of collaborative work). The terms of each licence vary between
OSS developers.24 It is important to ensure that if
your developer plans to utilise OSS in your app that
it is aware of the licence terms which apply to the
particular OSS and that they and you comply with
them.
The terms of the most frequently used OSS licence25
allow app developers to modify, copy and redistribute the licensed work or any derivative version of
it. Those using the OSS can charge a fee for their
app but cannot impose further restrictions on the
rights granted by the OSS licence. This is a
significant problem for iOS apps, as Apple’s App
Store terms prohibit modification and redistribution of apps by those who have downloaded them.
Apple’s restrictions effectively mean that if you use
OSS that is covered by the GNU General Public
Licence (‘‘GPL’’) then it impossible for you to
comply with their open use terms whilst at the
same time observing the terms of the GPL.
Given the potential problems associated with using
OSS, it is vital that any third party app developer
you use is clear with you about their use of OSS.
They must keep detailed records of the OSS
components used in the production of your app
and the licence terms which apply to them.
Trademarks
An app can infringe the trademark of another in a
number of ways. First, the name of your app might
be similar to an existing trademark. Second, the
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‘‘look and feel’’ of your app might be very similar to
that of a recognised trademarked app. Finally, you
may have included an existing trademark in the
marketing or description of your app such that the
end user is likely to be confused about which is
which.
It is worth considering trademark registration26 in
order to protect intellectual property rights in your
app further. It is also wise to search the register of
trademarks27 before launching your own app to
ensure that you are not inadvertently infringing the
trademark rights of another.
Patents
App developers should also consider whether their
app warrants an application for patent protection28.
There are a number of requirements that must be
satisfied in order that patent protection be granted
and full consideration of them is beyond the scope
of this article. However, if your app performs a new
process or carries out a known process in a novel
way then it is worth seeking expert advice. In
addition, app developers should take care to ensure
that they have not themselves infringed the patent
rights of another party in developing and marketing
of their own app.
Infringing the intellectual property rights of others
If your app uses copyright protected material
belonging to another (e.g. images, video or sound)
then it is vital to ensure that appropriate permissions and licences have been obtained prior to its
launch.

End user license agreements and default App
Store terms and conditions
The agreement that governs the terms of use of your
app by those who download it is called the End
User License Agreement (‘‘EULA’’). Apple’s App
Store terms and conditions contain a standardised
EULA which will apply to your app by default if
you do not use your own EULA29 (which is fine
provided that it accords with the other terms and
conditions contained in Apple’s standard terms and
conditions). If you elect to go down this route (and
there are good reasons for doing so) then Apple has
a set of ‘‘minimum terms’’ that you must include.30
Other platforms advise you to draft a EULA
though they do not include default terms in the
way that Apple does. The standard approach for
both Google Play and the Amazon App Store is for
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the developer to include a link to their EULA in the
purchase information for the app.

Personal liability and ways to avoid or reduce it
The primary way of reducing and/or avoiding
personal liability for anything that may go wrong
with your app is to form a limited liability company
through which to conduct your app development.
The advantage in this approach is that it can help
to shield the personal assets of the individuals
involved from any liability that the company
incurs.
Usually when a company is formed each of its
founding members assigns whatever rights s/he has
in the app to the company. Shares of ownership in
the company would then be issued and an agreement concluded that all future work carried out on
the app would be the property of the company in
return for a salary and/or profit share.
Anyone involved in the development of the app who
is not to be a shareholder should be treated either as
an employee or an independent third party contractor.
Whatever the status of an individual involved in the
development of your app, you should include a nondisclosure clause in their contract to ensure that
they maintain strict confidentiality while your app is
being developed.

UK consumer protection law: the Sale of Goods
Act 1979
In 2009 the government commissioned a report
which addressed the question of consumer rights in
digital products32. The remit of the report specifically included apps. The key rights of consumers
who purchase goods are contained in sections 12 to
15 of the Sale of Goods Act 1979 (the ‘‘SGA’’).
These provisions automatically imply terms into
contracts for the sale of goods whether or not they
are expressed in the contract itself. These terms
cannot be excluded at all including by disclaimers
contained in the agreement for download of an app
or in the ‘‘front page’’ of the app itself.33 Whether
this statutory framework applies to computer software and, more specifically, apps has given rise to a
great deal of legal debate.
One argument is that ‘‘goods’’ for the purposes of
the SGA must be physical, tangible items. As such,
any purely digital product does not qualify unless it
is supplied on a physical, tangible medium such as a
disk or a memory stick. Whilst this is the position in
law in England at Wales at present,34 the Scottish,
American and New Zealand courts have adopted a
different approach. In addition, the UK government has laid a draft Consumer Protection Bill
before Parliament which specifically extends the
SGA rights to digital content which would include
apps.
If passed this bill will require digital content to be:

Data protection and security requirements
App developers and their apps are subject to the
same regulations as any other business from a data
protection perspective. If an app involves the
processing of personal information then the app
developer must ensure that it complies with relevant
data protection legislation in the UK.31 As a bare
minimum this means that you must be open with
users of your app about how their personal data will
be used and for what purpose.
The security of patient related information is
critical. Some organisations address this by supplying employees with pre-configured devices that have
been designed to meet their institutional security
requirements. Alternatively, an institution may only
permit access to local wireless network and may
prevent any additional software from being installed
on the device beyond that approved and/or maintained by the organisation.
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Of satisfactory quality;
Fit for purpose;
As described by the provider of the content;
and
Supplied by someone who has the right to
supply such content.

All of these terms will arise automatically (i.e. they
do not have to be written into a contract or be the
subject of any discussion between the parties).
Breach of these contractual conditions will give
rise to a wide range of remedies including monetary
damages. Again, the proposed new provisions
cannot be excluded, limited, disclaimed or waived.35

Operating system licence terms
The providers of most operating system platforms
require app developers to agree to the terms of a
licence prior to making their app available for
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download by the public. Examples are Apple’s iOS
Developer Program License Agreement and Google’s Google Play Developer Program Policies36
These agreements are detailed and contain provisions which relate to the operation and marketing of
the app coupled with obligations relating to content, privacy and post-download support.

How to manage app use within your
organisation
There are different ways of promoting app use
within an organisation. Some healthcare institutions have established a private app store for
distribution of apps developed or approved by it.
If your aim is to promote and market your app
through Apple’s App Store (i.e. to make it available
to run on an Apple device running Apple’s iOS
operating system) then it must be approved by
Apple. This can take some time. One way that
private organisations rather than individual app
developers can work around this requirement is to
enter into an ‘‘Enterprise Agreement’’ with Apple.
Other options are available for non-Apple based
apps. For example, Google, Blackberry, Nokia and
Microsoft app stores offer terms which are not as
stringent in terms of app approval.

Jurisdictional issues
This article has examined the regulatory and legal
issues from the standpoint of the law of England
and Wales and, more broadly, from the perspective
of European Union law. If your app is marketed,
sold or simply made available in other countries
then you will need to consider and comply with the
relevant laws of those other jurisdictions.
The trans-national, cross-border nature of today’s
technology means that an app which is lawfully
developed in one country could easily infringe a
third party’s intellectual property, consumer protection and/or data protection related rights in
another.

apps for use by their patients and colleagues to
proceed on a surer footing.
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