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Abstract

Background: Older adults are at substantial risk for cardiovascular disorders that may require anticoagulation therapy. Those
on warfarin therapy report dissatisfaction and reduced quality of life (QOL) resulting from the treatment. Advances in the area
of mobile health (mHealth) technology have resulted in the design and devel opment of new patient-centric modelsfor the provision
of personalized health care servicesto improve care delivery. However, there is apaucity of research examining the effectiveness
of mHealth tools on knowledge, attitudes, and patient satisfaction with treatment, as well as self-management, adherence to
therapy, and QOL in older adults with chronic illness conditions requiring long-term warfarin therapy.

Objective: The objective of the study was to explore the attitudes and preferences of older adults on warfarin therapy regarding
the use of mHealth technology and health games to gain skills for self-management.

Methods: We conducted group and individual interviews with patients (60 years or older) on warfarin therapy at two
anticoagulation clinics affiliated with an academic medical center. We held 4 group and 2 individual interviews, resulting in 11
patient participants and 2 family caregiver participants. We used structured questions on three topic areas including medication
self-management strategies, mHealth technology use, and health games for exercise. We demonstrated some commercial health
apps related to medication management, vitamin K content of food, and a videogame for balance exercise. Discussions were
audiotaped and transcribed verbatim. Common themes were drawn using content analysis.

Results: The participants reported awareness of the importance of staying on schedule with warfarin therapy. They also
acknowledged that negative experiences of friends or family members who were taking warfarin influenced their desire to keep
on schedule with warfarin therapy. In addition, the participants expressed that the use of mHealth technology may be helpful for
medi cation management. They al so expressed the need for family support in the use of health technology devices. Moreover, the
participants discussed concerns and challenges to use health technology and health games, and provided suggestions on ways to
make mHealth technology and health games elder-friendly.

Conclusions: These findings indicate that our older adults on warfarin therapy are interested in mHealth technology specific
to warfarin medication management and health games. Further research needsto be doneto validate these findings. Elder-friendly
designs, technology support, and physical safety using mHealth technology may be useful in this population. These findings can
be used to inform alarger study to design and test an elder-centered mHealth technology in this target population.

(IMIR mHealth uHealth 2014;2(3):€32) doi:10.2196/mhealth.3196
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Introduction

mHealth Technology and Older Adults

Advances in the area of mobile health (mHealth) technology
and improvements in information technology have resulted in
the design and development of new patient-centric models for
the provision of personalized heath care services [1].
Technological innovationsin health care can potentially promote
healthy aging and reduce disparities by providing more precise
and individualized headlth care services to patients [1]. In
addition, mHealth devices and telehealth platforms support
di sease management for patients who use the Internet and other
electronic communication tools to connect with family and
friends and communicate with health care providers[2]. Many
mHealth apps availablein the market were designed for pediatric
patients (eg, asthma, diabetes) and adult patients with chronic
conditions (eg, diabetes, heart failure) [3]. However, older adults
with chronic diseases can a so be end-users of such new health
technologies. mHealth technology can potentially empower
older adults in self-management and can simplify the complex
care systems that many older adults with chronic conditions
face[1].

Along with the rise of mHealth technology use in chronic
disease treatment, health games including virtual reality and
interactive gaming have gained increased popularity inthe health
careindustry asapromising approach for the delivery of health
education and services [4,5]. They are also being used astools
for enhancing self-care behaviors and for increasing adherence
totherapy [4,6,7]. Research has also shown that the use of health
games for exercise (eg, Wii) improves physical function such
as balance [8-10], and enhances awareness of risk factors and
self-management in a variety of patient populations[5,11,12].

Warfarin Therapy for Anticoagulation

Older adults who are at substantial risk for cardiovascular
disordersincluding atrial fibrillation, valvular disease, venous
thromboembolism, and heart failure require long-term ora
anticoagulation treatment (ie, warfarin therapy) [13-15].
Warfarin has been used for several decades in a variety of
clinical settingsin many countriesto prevent and treat patients
with thromboembolic risk. Although new oral anticoagulants
have been recently introduced and approved by the United States
Food and Drug Administration, warfarin is till the most
common anticoagulant for patients with thromboembolic risk.
Wide spread coverage by health insurance plans in the United
States to cover the new oral anticoagulants continues to be a
challenge.

Degpite the proven benefits from warfarin therapy, older adults
report dissatisfaction and reduced quality of life (QOL) resulting
from the treatment, leading to poor adherence and decreased
treatment efficacy [16,17]. Dissatisfaction with treatment has
been attributed to a variety of reasons including the need for
frequent visits to health care provider clinics to monitor
international normalized ratio (INR) [18], lifestyle limitations

http://mhealth.jmir.org/2014/3/e32/

(eg, restrictionson diet and activities) [19], and fear of potential
side effects (eg, bleeding and/or bruising) [20,21].

Such obstacles, as reduced QOL, have prompted the search for
alternative strategies (eg, mHealth) to improve attitudes toward
warfarin therapy and reduce perceived barriers to ensure that
older adults who require anticoagulation therapy are more
optimally and consistently treated [22-25]. Moreover, studies
showed that the relationship among patient, heath care
providers, and tailored educational programs in consideration
of age differences should be taken into account for a better
warfarin management [26,27]. However, there is limited
research on the use of mHesalth technol ogy to promote adherence
to anticoagul ation therapy, and also enhance QOL in older adults
on warfarin therapy.

The current study reported in this paper is part of alarger study
proposing to expand current mHealth infrastructure, and to
broaden its impact to older adults requiring warfarin therapy.
The overall goas of the parent study are to design and test a
theory-based, culturally appropriate, elderly centered mHealth
intervention, and to examine patient satisfaction with and
feasibility of theintervention. The purpose of the present study
was to explore the attitudes and preferences of older adults
treated with blood thinners regarding the use of health
technology apps and health games to gain skills for
self-management. We have used the findings reported here in
the devel opment of an mHealth-based intervention for thelarger
parent study.

Methods

Participants

We held a series of group and individual interviews with older
adults on warfarin therapy. The patients were eligible if they
were 60 years or older, taking warfarin, and speaking English.
Exclusion criteriawere: (1) diagnosisof irreversible conditions
likely to affect 6 month survival or ability to participate in the
study, (2) living in along-term care facility, or (3) cognitively
impaired (evidenced by documentation of dementiaor delirium
in medical records). The level of cognitive impairment of the
participants was also evaluated by health care providers (ie,
pharmacists who encounter patients on anticoagulation) when
referring the participants, and evaluated by the investigators at
the time of interviews. In addition, caregivers (age =18) of the
eligible patients were aso included in the discussion if they
accompanied the patient participants.

Procedures

After obtaining approval for the study from the University of
Cdlifornia, Irvine Ingtitutional Review Board (IRB), we used
passive and active recruitment strategies from October 2012
through March 2013. First, we recruited the participants
attending two anticoagulation clinics affiliated in an academic
medical center via flyer postings. Second, pharmacists who
encountered the patients at the anticoagulation clinics provided
study information sheets to the potential participants. Last,
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investigators obtained the eligible patient names and phone
numbersfrom the pharmacists at the anticoagul ation clinicsand
contacted the potential patients to inform them about the study
and recruit them to participate.

Each group session lasted approximately 60-120 minutes and
included 2-6 participants. We also conducted individual
interviews if only one participant showed on the day of the
scheduled group meetings. All of the group or individual
interviews were held in conference rooms within the
anticoagulation clinics or the hospital. All of the participants
were provided with a study information sheet including the
purpose of the study, research members' contact information,
study procedures, and potential benefits and risks associated
with study participation. The University of California, Irvine
IRB, did not require written informed consent. Research
members (1 moderator and 1 assisting research staff) conducted
all sessions.

Table 1. Interview questions.

Leeetd

Prior to the discussion, the participants were asked to fill out a
brief paper-based survey, including questions on demographic
information and participants experienceswith computers, health
technology aids, and health related computer/videogames. We
provided magnet reading glasses for the participants to wear,
or we read survey questions out loud as needed. During the
session, the participants discussed strategies and barriers to
medication self-management, as well as use of mHealth
technology and health games. The questions asked are presented
in Table 1. We demonstrated a few commercial health apps,
including a medication reminder app and a Vitamin K food
content app, as well as a commercia videogame for exercise.
Then, we asked the participants to use each one briefly and
share their opinion on each mHealth app. The patient
participants received US $30 cash each for their participation
after the group meetings/interviews were completed. All
discussions were audiotape recorded, and the recordings were
then transcribed verbatim.

Interview questions

I. Medication self-management related

I1. Health technology apps (including computers) related

I11. Computer/video health gamesrelated

The commercial appsthat were demonstrated

1.Have you ever skipped taking your blood thinner?

2.What are some reasons that you have skipped doses?

3.What are some strategies that you have used to manage your medications?
4.How well did those strategies work for you?

1.How comfortable are you using computers or electronic devices?

2.What are some of the reasonsthat you don’t use computers or electronic
devices more often? (barriers)

3.What are some things that would help you feel more comfortable using
these devices?

1.What kinds of computer games or videogames have you played before?

2.What things make videogames or computer games more enjoyable for
you? (Do you like games to move around, do you like to play with other
people?)

3.What things make it more difficult for you to enjoy computer games or
videogames?

1.Medication monitor app, the app is designed to manage any of person’s
pills or medications, taking pills on time with the app, preventing missing
taking pills because of so many things to do or bad memory.

2.Vitamin K app, the app isdesigned for people who take warfarin so they
need to monitor their foods and warfarin interaction. The app provides
Vitamin K level in foods. Users can search food by categoriesincluding
fast foods, fruit and vegetables, meat and fish, dairy and egg, grain and
pasta, and more. Vitamin K levels are rated by colors (Black-extremely
high in Vitamin K, Red-high, Yellow-moderate, Green-low, White-ex-
tremely low).

Data Analysis

Dataanalyseswere conducted using Atlas.ti 7.0 qualitative data
management software (Atlas.ti Scientific Software Devel opment

http://mhealth.jmir.org/2014/3/e32/

GmbH). The transcripts were analyzed for emergent themes
using content analysis based on the principals of grounded
theory [28]. Grounded theory alows for an inductive
theory-building approach to coding, which does not require a
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priori theory, but provides a road map through the process of
analysis of qualitative data [28]. All transcripts were read and
coded by 3 independent raters. The subsequent primary codes
were discussed as a team by the 3 raters (including the
moderator) and a qualitative research method expert to create
consensus codes. There were 3 research team members (2 coders
including the moderator, and 1 experienced qualitative
methodologist) that reviewed the consensus codes and
synthesized them into common themes, including main themes
and subthemes. Then, another experienced qualitative nurse
researcher independently reviewed the common themes and
compared them with all of the transcripts to verify the quality
of themes and relevant quotes.

Table 2. Participants' demographic characteristics.

Leeetd

Results

Participant | nformation

Thereisan appendix that presents the participant demographic
information and their experiences with the use of computers,
health technol ogy, and health games (see M ultimedia A ppendix
1). An abbreviated version of thisinformation is shown below
in Tables 2 and 3. There were 8 male patients and 3 female
patients that participated in the study. A daughter who was a
caregiver of amale patient, and a spouse caregiver of a male
patient al so participated in the discussion. The mean age of the
11 patient participants was 75 years (SD 7.5). The magjority
(8/11, 73%) completed high school or higher. Therewere 10/11
participants that reported that they lived with family.

Demographic characteristics Frequency, N=11
Age (year)

Mean (SD) 74.9 (7.5)

Median 75

Range 61-89
Gender (male) 8
Ethnicity/race

Caucasian 6

Hispanic 3

Asian 2
Education- high school completion or above 8
Living situation- living with family (vsliving alone) 10
Currently employed 2
Insured 10
Having a primary care provider 9
Comorbidities

Stroke 4

Diabetes 3

Hypertension 3

Arthritis 3

Heart failure 2

Atridl fibrillation 1

Lupus 1
Multiple comorbidity (=1) 5
Yearstaking blood thinner

Mean (SD) 5.45 (4.8)

Median 5

Range 3 weeks-6 years
Have ever skipped taking blood thinner? (yes) 6

http://mhealth.jmir.org/2014/3/e32/
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Table 3. Participants' technology related experience.
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Computer experience Frequency,
N=11
Have ahome computer 6
Use a computer at all including at home, library, community center, other places 6
Reasons for computer use
Internet and email 6
Word processing 4
Scheduling (calendar or reminder) 2
Managing household finances 0
Photos or music 0
Playing games 0
Other 1
Frequency of computer use
Never 5
Once per month or less 0
2-3 times per month 0
Every week 0
Every day 5
Have ever used a smart phone/tablet for health apps such as medication reminders or weight management (yes) 2
Frequency of health appsuse
Once per month or less 2
Have ever played computer/video games (yes) 5
Computer games 3
Video games (eg, Wii, PlayStation, Xbox, etc) 2
Games on phones/tablets 1
Freguency of game playing
Never 10
Once per month or less 1

M edication Self-Management

The participants discussed strategies that they used to manage
all their medications including blood thinners (eg, warfarin),
and reasons for skipping medications. In general, most of the
participants reported that they were ableto follow the medication
regimens as prescribed, and were not prone to skipping
medications. However, they described special circumstances
that led to skipped medication doses.

Strategies for Managing M edications

Most of the participants attributed their adherence with their
medication regimen to having developed consistent
self-monitoring strategies, such astaking blood thinner pills at
the same time every day or using tools to help keep track of
their regimen. These tools include digital reminders on a cell
phone or alarm clock, written reminders on index cards or
calendars, and organizational devicessuch aspill boxes, dishes,
jars, and bottles to divide up the correct type and number of
pills to be taken in a given time period. There was one

http://mhealth.jmir.org/2014/3/e32/

participant that further elaborated that he created backup plans,
such as keeping an extra dose of medication in the car, in case
he forgot to take his pills at home. Some of the participants
stated that they had the support of family members and
caregivers who helped remind them to take their medication,

My wife, who works for the school system, has her
smartphone with her 24 hours a day, and she
programmed the time at 5:00pm and at 8:00pm an
alert, and if I'm home, she tellsme. If I’'m not home,
she will call me, “ Take your medicing” . So my wife
actually reminds me every day...so that's my plan.
[Male participant, age 74]
Most of the participants al so spoke about their awareness of the
importance of staying on schedule with their warfarin. For some,
learning about the negative experiences of friends or other
family members who struggled to remember doses, and
consequently had problems with clotting, served to heighten
their awareness of the importance of warfarin. There was one
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participant that shared a story about her daughter-in-law’s
experience,

She ended up with some clotting...That knowledge
from dealing with my family having it, my
daughter-in-law at first was taking it at different
interims and then [her doctors] finally realized that
she didn't realize and told us, “ no, you have to take
it at a specific time” ...so | approached it with that
knowledge. [Female participant, age 75]

For some, having clear instructions from their health providers
about why and when to take warfarin was an important
component to their adherence. Some of the participants stated
that being knowledgeable about blood clots made them realize
it was something they did not want, and so taking warfarin was
seen as “good” and “preventive’. Some of the participants
reported that their doctors further provided them with
information about foods high in vitamin K, which helped them
to better manage the foodsthey ateto prevent drug interactions.

Reasonsfor Skipping Medications

The participants reported that from time to time, they might
skip a dose of medication for a variety of reasons. The most
commonly cited reason was that skipping occurred when their
daily routine was interrupted or when they were distracted by
something. Therewas one participant that explained, “ You have
abig break in your normal routine and you're out of your normal
mode and it just dipsby” [Male participant, age 74]. Sometimes
the participants forgot a dose because they were “busy doing
something” so that keeping up with the dose got “lost in the
shuffle”’. For one participant, being on multiple medications
and caring for his grandchildren sometimes meant that,

Once in a while, they run me around and sometimes
| forget. I’'ll go all day long and I think, | didn’t even
take any pills. [Male participant, age 80]

For some, skipped doses were aresult of being forgetful. This
meant that they forgot to take a dose, or forgot whether or not
they had aready taken a dose. Skipping medications also
occurred as a result of doctor’s orders to prepare for surgery.
However, the directions received from doctors for skipping
medications was sometimes inconsistent and confusing. For
instance, one participant stated that in preparation for asurgery,
his surgeon directed him to be off warfarin for 5 days, but that
another physician directed him to be off for 2 days. He stated,

So | go back to the [ surgeon] and tell the nurse and
the nurse says, “ that would be all right” . So I’ m off
maybe two days before and two days after. [Male
participant, age 80]

Health Technology for Medication M anagement

The participants were asked about their level of comfort with
using computers and various types of technological devices,
including mobile phones and tablets. They were also asked to
talk about their experience with playing computer or
videogames, and to give their thoughts about a variety of health
related games and medication management apps on mobile
devices, such as mobile phones or tablet computers.

http://mhealth.jmir.org/2014/3/e32/
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Participants Without Technological Experience

Those who expressed alack of experience with computers and
other technological devices, such as smart phones and tablets,
mostly cited reasons such as lack of interest, patience,
knowledge, training, or that it was challenging to learn or a
“waste of time’. Some felt that electronic devices were
expensive for people on a “limited budget”, and that these
devices may be better suited for people with a“bigger salary”.
There was one participant that stated that others did not expect
her to use or know how to use technology because of her age.
She stated,

[My doctor] didn't ask me [about Skype]. Probably
thought | was too old and didn't know how or
something. [Femal e participant, age 75]

Participants Without Technological Experience for
Health

When prompted to comment on their thoughts about technol ogy
specifically for heath or medication management, the
participants with no reported experience in using technology
mostly stated that nontechnol ogical methodswere“simple” and
easy to use. For example, some of the participants stated that
although a pill monitor app on a phone or tablet may be useful
for some people, amanual pill box was*convenient” and “works
well”. There was one participant that was only on one
medication, so she was not concerned about her ability to
manage her medication, and did not feel that it was necessary
to use an app for reminders. Some of the participants talked
about the ease of medication refills without the use of
technological reminders or aerts because their doctor
coordinates with the pharmacy, and they get telephone calls
from the pharmacy when they have medications to pick up.
However, some of the participants also said that medication
management apps might be useful for thosewho are “forgetful”,
are cognitively impaired, or have a difficult time keeping track
of appointments.

Most of the participants had positive reactionsto appsthat help
monitor foodswith vitamin K, but some expressed that it might
be more useful for “someoneelse” becausethey felt they already
had good knowledge about what foods are high in vitamin K.
There was one participant that said,

| wouldn't be interested in that at all...once you've
seen the list and you kind of focus on the ones that
are high [in vitamin K], you've kind of got it. So in
my own case, | don’t worry about what | eat...but for
other people, maybe they need it. [Male participant,
age 73]
A few participants expressed interest in using asimilar app for
themselves. For instance,

That's very interesting. It would keep you where
you're supposed to be, and what you're supposed to
do by looking the different products up. | like
that...because my family says, “ You shouldn’t eat
that. You should eat more of this”. With this here |
can say, “ Yep, don't need. Yep, do need” , you know.
That | like very much. [Male participant, age 75]
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Participants With Technological Experience

The participants who reported having some level of comfort
with technology had experience with arange of devices. This
included things such as the use of mobile phones for taking
pictures and texting, work experience with computers and touch
screens, and regular use of a personal computer. Many of them
stated that they used technology to communicate and keep in
touch with friends and family. Some of them used the alarm
function on their cell phones as medication or appointment
reminders. Many of these participants also spoke about their
familiarity with technology as being a result of the ubiquitous
use of technology by those around them including friends and
family.

ParticipantsWith Technological Experiencefor Health

The participants who had experience using technology had
positive reactions to using technologies to manage health
conditions and medications. Many of them expressed favorable
views of technology for older adults, and also expressed interest
in using or learning to usetablets and phone appsfor health and
medication management purposes. There was one participant
that shared,

A medication monitor app might help the people who
are on more than one medicine, because even my
daughter-in-law, after she went back to work for a
couple hours a day, she got back into the old thing of
forgetting the warfarin...Where if she had something
like this with her, it would have told her it's time. |
think it would be a great asset to a lot of elderly
people. [Female participant, age 75]
A few participants elaborated further on the appeal of using
mHealth technology for health and medication management.
They stated that devices such as computer tablets are “small”,
“portable”’, and easy to carry around and keep by their side.

Suggestionsto Make Technology Elder-Friendly

Because technological devices can be expensive, a few of the
participants suggested that being able to rent atablet from their
health provider would be helpful. Many of the participantswere
concerned about the specifications of devices and suggested
that phones and tablets need bigger screens, bigger keyboards,
and simple visua illustrations in order to make them more
“age-appropriate”. Appsthat can help people easily keep track
of their diet and vitamin K consumption were viewed as
something that can be useful for older adults. There was one
participant that al so suggested that since many older adults have
multiple medications, a medication management app could be
useful,

It would be a great way of seeing if you're being
prescribed something that doesn’t go with the other
one...It's hard to keep track of what all you're on.
That was like | went to my doctor after the surgery
and showed him what all | was taking. | took them
all in and then he had them on his little screen...I do
think that it’s a great way to monitor what the patient
is having put in their body because, like you said,
sometimes it’s very hard for the doctor to look at a

http://mhealth.jmir.org/2014/3/e32/
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piece of paper and keep a list of all these medications

and everything. [Female participant, age 75]
However, most of the participants suggested that learning to
use appswould be challenging for older adults with technology
challenges, and that they would need to be provided with
external help. For example, someone may need to help the
patient enter all of their medicationsinto an app beforethey are
able to use the app for monitoring.

Health Gamesfor Exercise

In asking the participants about exercise, the interviewers
showed the participants a video clip of someone playing a
videogame on the Nintendo Wii designed for exercise. They
then dlicited responses from the participants about their thoughts
on using something similar. Some of the participants were
familiar with it and said it was something that they would try
for themselves, while some did not think it was something they
wanted to try. Positive reactionswere mainly elicited from those
who had played on the Wii with their grandchildren. The
participants offered some concerns and suggestions on how to
make exercise games more elderly friendly.

Concerns About Health Gamesfor Exercise

Many of the participants cited the risk of falls as a reason why
they did not want to try videogamesfor exercise. Many of them
wereworried that they were too “ uncoordinated” to play exercise
games, and that they would get dizzy and fall. There was one
participant that said,

| fall all the time, come running into stuff...It's the
moving back and forth, | would totally lose my
balance on that. [Male participant, age 75]

Some of the participants expressed that the idea of playing
videogames was something that was not appealing to them,
stating that they had “no desire” or in the case of one participant,
“1 can think of other things | should be doing that are much
more important” [Male participant, age 80]. Many of the
participants stated that walking was their preferred form of
exercise.

Suggestionsto Make Health Games Elder-Friendly

A variety of suggestionswere made by the participantsto make
exercise games more appealing to older adults. Making the
games multiplayer was a big appeal. Some of the participants
said that they had no interest in playing games alone, but that
if it were done with other people or in a group, they would be
more interested in participating. Some of the participants also
suggested that games be developed for people with varying
degrees of physical activity levels. For example, one participant
suggested that some older adults would need to perform
exerciseswhile sitting down. Another participant said of sitting
exercises,

| am physically very active. | can do all of this
stuff...Thisisn't enough for me. [Male participant, age
74]

Several of the participants were concerned that standing on the
Wii platform could pose as afalling hazard, and suggested that
the addition of a support bar or grab bar to hold onto while
exercising would be useful.
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Discussion

Older Adults and mHealth Technology

This study explored the attitudes and perceptions toward
mHealth technology and health games in older adults on oral
anticoagulation therapy using a qualitative research
methodology. The findings suggest that the use of mHealth
technology, such as health apps on mobile devices, may be
helpful for managing medications since the participants
experienced missing doses of medication occasionally. However,
the participants also expressed the need for family support in
the use of health technology devices. In addition, the participants
discussed concerns and challenges to use, and provided
suggestions on ways to make mHealth technology and games
elder sensitive.

Medication Self-M anagement Strategies

Older adults deal with polypharmacy (multiple medications),
due to multiple chronic conditions [29]. Factors contributing to
medication adherence in older adults include physiological
changes with the aging process such as decline in cognitive
ability and multiple morbidities, psychosocia profile, health
beliefs, patient-health provider communication/relationship,
and social support [30]. Individuals devel op their own strategies
to keep track of their medications and for refills. The strategies
that older adults on anticoagulation therapy used in this study
included electronic remindersor calendarsfor refills, pill boxes,
or other tools to store medications. Many of the participants
reported family support for medication management. The use
of mobile-based short message service (SMS) reminders has
been shown in studies to improve adherence to medication in
chronic disease conditions including acquired immune
deficiency syndrome[31], diabetes[32], or polypharmacy [33].
None of the participants in this study reported use of SMS.

Awareness of the importance of taking medication (warfarin)
everyday, and the consequences of not maintaining the regimen,
seem to enhance adherence to anticoagulation therapy with
warfarin. Such awareness was obtained through experiences
and anecdotes from friends or family members who had taken
warfarin or through good provider-patient communication. At
our medical center, anticoagulation specialized pharmacistslead
anticoagulation clinics. The patients with warfarin therapy in
this study expressed satisfaction with the level of detail of
instruction provided by the pharmacists, including which foods
have high Vitamin K content, drugs to avoid while on warfarin
therapy, the importance of taking blood tests regularly, and
adjusting warfarin doses according to INR. For years, theclinical
and economic benefits of pharmacy-led anticoagulation
management have been demonstrated [34,35].

Most of the participants in this study confirmed the value of
using mHealth technology in the management of medications,
but commented that it would be more useful for other people,
but not themselves. This may be because the mean length of
warfarin treatment in thissampleislong (5.5 years). The patients
in this sample may have adapted and normalized their routine
for warfarin management. mHealth technology may be better
targeted to patients new to warfarin or to patients who have

http://mhealth.jmir.org/2014/3/e32/
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unstable INR in order to aid the normalization of medication
routines.

M aobile Health Technology

According to the Pew Internet Research report published in
June 2012, slightly more than half of all older adults (65 years
and older) in the United States used the Internet viacomputers,
cell phones, or tablets[34]. Approximately 56% of older adults
responded in the Pew Internet survey that they owned a cell
phone[36]. However, the ownership of mobile phones or tablets
islow (3%). Therewere 1 in 3 older adultswho used the Internet
that reported that they enjoyed socia networking (eg, Facebook,
LinkedIn) [36]. Inthis current study, the older adult participants
reported similar experienceswith computers and mobile devices.
In particular, some of the participants raised concerns related
to the economic burden for the use of tablets. Some who
reported that they did not often use computers expressed little
interest for learning to use mHealth technology for managing
their medication or for sdf care. However, many of the
participants commented that health apps specifically designed
to promote adherence to warfarin therapy would be helpful.
They also commented that family support in the use of mHealth
technology would be favorable.

The concept and market for mobile technologiesin health care
have been developing rapidly in recent years [1]. Substantial
interest toward mobile technologies in health care is growing
alongside the movement toward individualized medicine. The
mHealth industry seeks to fill the gap toward that movement
with technologies that allow consumers to customize their
preferences for aternative health care delivery beyond disease
management alone[1]. Health apps on mobile phones or tablets
have been designed to monitor, assist, and inform patients about
individual disease conditionsincluding diabetes, migraines, and
asthma [37]. There are only a few specific apps designed to
comprehensively manage anticoagulation therapy, although
there is a substantial need for ongoing patient education and
provider feedback during the course of therapy.

Another form of mHealth technology that isbeing usedin health
care is the remote monitoring systems (RMS) or telehealth
systems [3]. For example, patients with heart failure living in
rural areas or having limited mobility can monitor their blood
pressure, heart rate, body weight, and blood oxygen level using
periphera devices (eg, weighting scale blood pressure device,
or oximeter) [38]. Such clinical data are transferred to aRMS
devicethat alerts health care providers of clinically meaningful
changes in physiological data. Health care providers can then
provide patients with immediate feedback based on the data
transferred viathe RM S system.

Despite the growing use of mHealth technology in health care,
many challengesto widespread use remain dueto the complexity
of health care delivery system in the United States. Health care
providers are concerned about the additional workload that the
use of mHealth technology may generate, and are unclear about
theimpact on the provider-patient relationship [1]. Older adults
may face more challenges to mHealth technology use due to
relatively lower levels of technology proficiency compared to
younger populations. However, in this study many of the patients
expressed a basic understanding of how mHealth technology
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works, particularly those related to anticoagulation therapy.
Developers of mHealth technology should be aware that older
adults can be savvy end users like other age groups, but that
technological platforms should be designed with elder-friendly
specifications to meet the specific needs of older adults.
Elder-friendly suggestions from the participants in this study
include simplifying the design of app interfaces, designing

Leeetd

bigger screens and keyboards, and providing technical support
in using technology aids.

We have been developing a mobile app for older adults on
warfarin therapy based on the comments from the participants
in this study. The modules of this elder-centered app for warfarin
therapy that our research team has developed are shown in the
Table 4.

Table4. Modulesincluded in the warfarin therapy app for older adults, mobile app for savvy seniors (MASS), happy and safe life with blood thinners.

Module name Description

My page

Usersenter preferred information that will be useful for their care management. Thisincludes doctor’sinformation, pharmacy’s

information, and emergency contact information. The user for hi/her identification can create an icon or picture.

Blood thinners

Thiseducational component provides essential warfarin information that includes medication interactions and food-medication

interaction. The information is evidence-based, and written in plain language for easy understanding by users.

Medication M edication monitoring that creates reminders of dosage and when to take a medication. This schedule can be shared with
trusted others such as family, caregivers, or close friends.

Foods A vitamin K content food list that includes alisting of foods high in vitamin K including ethnic foods.

Body This module allows users to monitor adverse symptoms such as bruising or bleeding on body. A picture can be taken and saved
to the app in order to log the episodes to show a health care provider at an office visit.

Blood test Monitor and log of the results of blood tests, such as INR level, to track whether they are in the recommended therapeutic
range.

Safety tips Easy and specific safety tips related to warfarin therapy, such asinjury prevention and when to call a doctor.

Share All information logged in the MASS can be shared with trusted other via email.
Users are empowered to manage their own health information.

Resources

Additional resources regarding anticoagul ation therapy, such asinformation from federal agencies (eg, Agency for Healthcare

Research and Quality, U.S. Department of Agriculture, National Nutrient Databases).

Health Gamesfor Physical Activitiesin Older Adults

Games designed to promote exercise (eg, Nintendo Wii, Sony
EyeToy, Dance Dance Revolution, or Xbox Kinnet, etc) have
been studied in community-dwelling older adults and patients
with strokefor rehabilitation [4,39]. Many commercial appsfor
physical activities that are available in the market are targeted
to those who want to lose body weight [40,41]. In addition,
there are health appsfor diabetesthat include aphysical activity
component along with diet and blood glucose monitoring [42].
Physical activity games can beincluded in ahealth app for those
on anticoagul ation therapy, but designs need to take into account
specific safety measures. Older adults on warfarin therapy are
at ahigher risk for bleeding, and may belimited in engagingin
physical activity due to the fear of falling. The participantsin
this study expressed that they had some experience with
commercialy available balance games or group games.
However, they were concerned about safety issues in regards
to the design of the game platforms, and made suggestions for
safety strategiesto prevent falling while playing games.

Limitations

There are several limitations to take into consideration. First,
the participants were recruited from two anticoagul ation clinics
affiliated with an academic medical center, and findings may
not be generalized outside of the population in this sasmple due
to regional differences in practice. Furthermore, the small
sample size and exploratory nature of this qualitative study
further limits the generalizability of the findings across all

http://mhealth.jmir.org/2014/3/e32/

segments of the population. Consequently, the findings from
the study are a journaistic representation of the sample's
perceptions and beliefsrelated to anticoagul ation (ie, warfarin),
and the potentia role of mHealth in promoting self-management.
Second, we experienced challenges to recruitment that may
have affected the demographics of our sample. Many of the
scheduled participants did not show up to the group meetings
because of transportation problems or urgent health issues.
Therefore, our sample may be more representative of those in
better health or those who are more independent. Neverthel ess,
the findings from this study provide a rich source of data to
examine the use of mHealth technology specifically within the
context of anticoagulation therapy.

Conclusions

This study was conducted to generate formative information on
the use of mHealth technology among ol der adults on warfarin
therapy, and identify themes that could be captured when
designing a valid and reliable instrument based on input from
stakeholders. These findings can be used to inform a larger
study to design and test mHealth technology in this target
population. The next study will include an iterative process to
refine the design and effectiveness of the health app in a real
life clinical environment. The findings indicate that our older
adults on warfarin therapy areinterested in mHealth technol ogy
specific to warfarin medication management and health games.
Further research needs to be done to validate these findings.
Elder-friendly designs, technology support, and physical safety
using mHealth technology may be useful in this population.
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Abstract

Background: Mobile phones and tablets currently represent a significant presence in people’s everyday lives. They enable
accessto different information and servicesindependent of current place and time. Such widespread connectivity offers significant
potential in different app areas including health care.

Objective: Our goa was to evaluate the usability of the Connect Mobile app. The mobile app enables mobile access to the
Connect system, an online system that supports cancer patientsin managing health-related i ssues. Along with symptom management,
the system promotes better patient-provider communication, collaboration, and shared decision making. The Connect Mobile
app enabl es access to the Connect system over both mobile phones and tablets.

Methods: The study consisted of usability tests of a high fidelity prototype with 7 cancer patients where the objectives were to
identify existing design and functionality issues and to provide patients with areal look-and-feel of the mobile system. In addition,
we conducted semistructured interviews to obtain participants feedback about app usefulness, identify the need for new system
features and design requirements, and measure the acceptance of the mobile app and its features within everyday health
management.

Results: Thestudy revealed atotal of 27 design issues (13 for mobile apps and 14 for tablet apps), which were mapped to source
events (ie, errors, requests for help, participants' concurrent feedback, and moderator observation). We also applied usability
heuristics to identify violations of usability principles. The majority of violations were related to enabling ease of input, screen
readability, and glanceability (15issues), aswell as supporting an appropriate match between systems and the real world (7 issues)
and consistent mapping of system functions and interactions (4 issues). Feedback from participants also showed the cancer
patients' requirements for support systems and how these needs are influenced by different context-related factors, such as type
of accessterminal (eg, desktop computer, tablet, mobile phone) and phases of ilIness. Based on the observed results, we proposed
design and functionality recommendations that can be used for the development of mobile apps for cancer patients to support
their health management process.

Conclusions: Understanding and addressing users' requirements is one of the main prerequisites for developing useful and
effective technol ogy-based health interventions. The results of this study outline different user requirements related to the design
of the mobile patient support app for cancer patients. The resultswill be used in theiterative development of the Connect Mobile
app and can aso inform other developers and researchersin development, integration, and evaluation of mobile health apps and
services that support cancer patients in managing their health-rel ated issues.

(JMIR mHealth uHealth 2014;2(3):€33) doi:10.2196/mhealth.3359
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Introduction

Moaobile Health Apps—Opportunitiesand Challenges

Mobile devices are continuously present in people’s everyday
lives [1], and many individuals have a deeply persona
relationship with their mobile phones, which are typically
customized to their specific needs [2,3]. Evolving technical
capabilities of mobile devices enable delivery of various services
independent of the user’s time and place, and their dynamic
adaptation to current context of use and users personal
preferences[4]. Thesefeatures make mobile deviceswell-suited
terminals for easier monitoring and managing of pre-existing
health conditions, the delivery of more efficient, individually
tailored care at the point-of-need, and promotion of better
collaborative work between patients and health care providers
[5-10Q].

However, mobile devices hardware limitations (eg, small
screen, limited input capabilities) introduce numerous challenges
when migrating from an existing eHealth Web-based system to
a mobile platform. Some of the general guidelines are to (1)
provide support only to alimited number of featuresto eliminate
the variety of options that are not core to the mobile use case,
(2) show only limited content to reduce word count and provide
better visibility and glanceability, and (3) enlarge interface
elements to enable easier input of data and accommodate the
“fat finger” problem [11,12]. Research has explored methods
of automating the migration process from Web-based to
mobile-based systems (eg, [13,14]), but such work has mainly
focused on increasing efficiency of trand ation techniques, rather
than identifying system requirementsin the new context. When
designing and devel oping mobile health apps, special care must
be taken to address patients’ specific needs, which often vary
greatly across different contexts beyond type of accessterminal
(eg, typeof illnessand diagnosis, phasein treatment, and patient
demographics and literacy). For example, literacy, hedth
literacy, and previous experience with technology can
significantly influence patients' usage and navigation through
(mobile) health apps and their ability to apply the knowledge
gained to managing heath conditions [15,16]. Also, the
granularity of data that is captured on the mobile device and
used for monitoring of health conditions and behaviorsishighly
dependent on the patient’s condition. While asimplified 5-point
scale describing the size of the meal isgood enough for logging
food intake of persons who are trying to get in shape and lose
weight, it is not sufficient for diabetes patients who need to
carefully monitor relation of food intake and blood glucoselevel
[7]. Another example includes the use of metaphors and
graphical representations to show the user’s progress towards
some predefined goal or current (health) status. While metaphors
on glanceable displays are shown as highly effective for
maintai ning and increasing the physical activity of users[8,17],
their usefor presenting the status of more serious health-related
conditions are not well accepted by patients (eg, neutral graph
visualization metaphors were found to fit better for patients
with mental illness[18]).

Previous research has also shown that advanced age and lack
of experience with mobiletechnology decreases peoples’ ability
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to create accurate and useful spatial mental models of amobile
app’s menu and navigation structure [19]. A mental model is
defined in cognitive psychology as a user's internal
representation of an external system’s structure and functions
[20]. Mental models are usually formed by combining previous
knowledge and experience with similar systems, cognitive
schemes, and problem-solving strategies [21]. The absence of
an accurate mental model can significantly influence a user’'s
task performance on mobile devices and can lead to
disorientation in menu selection [19,22].

In system development, the user-centered design (UCD)
approach is used to identify and address end-user requirements
and adjust (mobile) system design and functionality to user’'s
capabilities, needs, and expectations [23-26]. UCD incorporates
a range of methods ranging from focus groups to iterative
usability testing and participatory design [27]. Applying UCD
principlesto devel opment of mobile health information services
for patients can support users in changing their health-related
behavior [26,28].

Moaobile Appsfor Cancer Patients

Cancer patients often experience a wide range of physical,
functional, and psychological symptoms during treatment and
rehabilitation. Failure to identify and address these symptoms
during hospital admissions can lead to considerable distress
[29,30]. Also, the side effects of treatments usually cause a
range of new symptomsthat are often worse after patients have
been discharged from the hospital. Therefore, Web-based
systems that can support management of symptoms and health
care-related issues at home could be beneficial for this patient
group [31]. However, few projects can befound in theliterature
that address the design and i mplementation challenges of mobile
information services intended to support cancer patients in
managing their illness and health-related issues. For example,
Leimeister et a researched how standard features of personal
digital assistants—such asdiaries, SM S (short-message service),
email, messaging—can be used to support adolescent cancer
patients in illness management [32]. The results showed that
using the mobile devices helped patients in coordinating their
extensive treatment schedul es and medi cation plans. To achieve
this goal, the calendar function was found especially useful.
The diary function was not well accepted due to the limitation
of asmall keyboard. Communication features such asSMSand
email messages were well accepted but mostly for
communication with family members and friends rather than
health care personnel [32].

Klasnjaet al described the design of HealthWeaver Mobile, an
app that hel ps patients manage care-related information during
treatment [33,34]. The study outlines the general design and
functionality requirements for devel oping mobile systems that
target cancer patients, such as the ability to install the mobile
app on apersona phone, the importance of standard integrated
features (eg, camera, microphone), and useful system
functionalities (eg, calendar, notes, registration). The mobile
app is developed as part of a greater symptom-management
system that also includes a Web app. The authors argued that
the use of a native Web hybrid approach offered a more
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cost-effective way to provide cross-platform support in mobile
health tools.

The ASyMS system supports remote monitoring and symptom
management of chemotherapy-related symptoms in cancer
patients [35,36]. Using their mobile phones, patientsfill out and
send areport with their symptoms and then immediately receive
feedback consisting of tailored self-care advice directly related
to the severity level of the symptoms they just reported. An
additional evidence-based risk assessment tool aertsclinicians
when an incoming patient-reported symptom is considered
critically important. A randomized control trial showed that the
mobile app can provide valuable support to chemotherapy
patientsfor symptom management and improve patient-provider
communication. The feasibility of a similar system for
monitoring chemotherapy-related issues is reported in [37],
demonstrating the benefits of real-timetelemedicine with remote
nurse support.

A Wireless Health Outcomes Monitoring System (WHOMYS)
and the electronic Edmonton Symptom Assessment System
(e-ESAS) are additional examples of mobile systems that
provide remote monitoring of cancer patients health issues by
health care providers. In WHOMS [38], the medical
management team sends structured questionnaires to the
patient’s mobile phone, and the completed questionnaireisthen
reviewed by the medical team. The e-ESAS system [39] was
devel oped and adapted for use in devel oping countriesto enable
patientsto easily report symptoms, aswell asto enable paliative
doctors to preview and process data.

In summary, research has addressed arange of issues related to
the design and development of a mobile information system
that enables the remote monitoring of cancer patients by health
care providerswhile also supporting patient’s sel f-management
of health-related issues and preparation for clinic consultations.
The evolution of social media and advances within
communication technology provide new opportunities for
patientsto become more engaged in different types of discussion
and reflections regarding their own health issues. The
importance of these functionalities is discussed in previous
research [7,32,40,41]. However, to our knowledge there is no
research addressing issues regarding design and development
of maobile app(s) for cancer patients that support awider range
of system features including advanced online communication
among patients and between a patient’s health care provider as
well as symptom management tools.

To address issues related to design and development of mobile
appsfor cancer patientsthat provide agreater variety of system
features (both symptom management and communication), we
present the design, development, and eval uation of the Connect
Mobile app. The Connect Mobile app is part of the previously
developed and deployed Connect system, which provides
support to cancer patientsin managing health-related issuesand
promotes better patient-provider communication, collaboration,
and shared decision making. The goal of this work was to (1)
identify design challenges and issuesrel ated to providing mobile
access to a patient support system such as the Connect system,
(2) evaluate perceived usefulness and user acceptance of the
system and its features across different access terminals, (3)
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investigate the new context of use and new system requirements
introduced by enabling mobile access to the patient support
system, and (4) contribute to a robust and extensible maobile
app design framework for patients with chronic illness.

The Connect System

The work reported in this paper is part of the Connect research
project. Its goal is to promote timely, secure, and seamless
collaboration between chronicaly ill patients and health care
providers on different levels of care by using a
device-independent, mobile, and multifunctional Internet
platform called Connect (formerly known as WebChoice). The
Connect system and its components were devel oped based on
patient-centered principles and designed to support cancer
patients in self-managing their illnesses and to enhance
patient-centered care. The Connect system’'s design and
functionalities were developed in cooperation with system
stakeholders (ie, patients, health care providers) using numerous
user-centered and participatory design methods (eg, focus
groups, usability evaluation, heuristic evaluation) [31,42,43].
The system incorporates a series of modules designed to support
patient-provider communication, collaboration, and shared
decison making in different environments (eg, hospital,
outpatient clinic, and patients homes). Patients can access the
Connect system through a Web browser on their personal
computers or laptops (Figure 1) to (1) report and monitor their
symptoms and health problems by selecting from predefined
categoriesand ratetheir level of distressand priority for support
(assessment module), (2) obtain individualy tailored
evidence-based  self-management  support  (Symptom
self-management support module), (3) get access to other
reliable Internet resources (information module), (4) ask
guestions and receive advice and professional support
(messaging module), (5) share and discuss their experiences
with other patients (communication module), and (6) note their
private health-related information as free text (diary module).

The Connect system was tested in a randomized clinical trial
with 325 breast- and prostate-cancer patients from all over
Norway. The results showed that the system improved
patient-provider communication, decreased symptom distress
and depression, and provided better self-efficiency for patients
[31,42,44]. Additionally, system logs analysis showed that all
system components were used independently of users diagnosis
type, stage of disease, age, or previous computer experience
[41]. However, usage patterns differed for patient subgroups.
For example, even though the functions that enabled
patient-patient and patient-provider communication were used
the most frequently, in general breast-cancer patients used the
system more for seeking hedth-related information while
prostate cancer patients focused more on features that helped
them to prepare to talk with health personnel. Patients with a
long-term illness history were more active in communication
(both patient-patient and patient-provider) and exhibited more
information-seeking behaviors than patients who received a
diagnosis for the first time [41,45]. Additionally, messaging
and symptom self-management support functionalities were
used more by patients with alow level of social support and a
high level of symptom distress and depression [40]. The general
conclusion was that there is no “one size fits all” system, and

JMIR mHealth uHealth 2014 | vol. 2 | iss. 3 | €33 | p.17
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

user preferences and use patterns are dependent on numerous
factors including personal characteristics, illness type, disease
stage, social support, and illness burden.

Since the Connect system provides a device-independent,
multifunctional Internet platform, in the current research project
we investigated how the system’s functions could be further
translated to new contexts of use by enabling access over mobile
devices such as mobile phones (which refers to smartphones
but not regular cell phones) and tablet computers. The work
presented in this paper addresses different design and
implementation challengesthat surfaced during the devel opment
and evaluation of Connect Mobile, a mobile app that enables
accessto the Connect system. Theinitial version of the Connect
Mobile app design was developed to adhere to general and
widely accepted usability guidelinesfor different types of mobile
devices (eg, design guidelines from device and software
manufacturers [46,47] and general guidelines for development
of user-friendly mobile apps and interfaces[12,48]). Since basic
design rules for development of a mobile app underline the
importance of simplicity due to device limitations (eg, small
displays and limited input characteristics), the Connect Maobile
app was implemented to alow access to only a subset of all
functionalities offered by the Connect system. Based on previous
research on the Connect project that identified patients' usage
patterns and functional requirements, we endeavored to
incorporate the following modules and features in the Connect
Mobile app:

- The messaging module where patients can exchange
messages with health care personnel (eg, primary and
specialist care physicians and nurses).

«  Theassessment module where patients can record and keep
track of problems that are bothering them. The symptoms
assessment module requires the following four steps: (1)
patients select the symptoms that are bothering them from
the list of predefined symptoms organized in groups and
subgroups, (2) for each selected symptom, the patient selects
how bothersomeit is, (3) the patient selects how important
it is to address the symptom in the meeting with health
provider, and (4) before submitting the report, the patient
can review the list and go back to previous steps and
perform changes if needed. The mobile app also gives the
patient an option to see the list of previously reported
symptoms.
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- The symptom self-management support module where
patients can get information about managing self-reported
symptoms, how to psychologically deal with the illness,
the challengesit brings, and their rights as a patient. Patients
can also create a personalized list of advice and activities
that they find most useful and valuable.

«  The communication module/forum functionality where a
patient can exchange information and experiences with
other patients using the Connect system.

The Connect Mobile app was developed using PhoneGap, an
opensource framework for building cross-platform mobile apps
[49]. The PhoneGap platform supports devel opment of asingle
mobile app using standard Web-based technologies (such as
HTML, cascading style sheet, and JavaScript), which can run
as a native app on various mobile platforms and operating
systems (such as Android, iOS, Windows Phone). We chose
the devel opment of anative app because they are better accepted
by end users than Web pages and provide better support for
customization to device characteristics [50]. Additionally, the
native apps can make use of the mobile devices features (eg,
camera, positioning).

For implementation of the mobile app design, we used JQuery
Mobile framework, which provides support for development
of HTML5-based user interfaces for all popular mobile device
platforms as well as alibrary of standard and widely accepted
mobile app widgets and interface elements. We applied a
responsive Web design approach that supports dynamic
adaptation of app interface design to a device's characteristics
(screen size, platform type, device orientation), while the app
logic was the same for both types of devices (maobile phones
and tablet computers). For example, while the bottom tabs are
used to enable transition between features on mobile phones,
the left side menu was used for the same type of navigation on
tablet devices. Additionally, the design of interface elements
(eg, size, order, positioning on the screen) was adjusted to fit
characteristics of these two types of devices. The communication
with underlying Connect system uses hypertext transfer protocol
and follows representational state transfer architecture guidelines
for designing networked apps.

A preview of Connect system main menu interface is shown on
different accessterminalsin Figures 1-3.
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Figure 1. Connect Web app (screenshot of the main menu).
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Figure 3. Connect tablet app (screenshot of the main menu).
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Methods

To evaluate the Connect Mobile app, we performed a usability
evaluation study of both the mobile phone and tablet computer
versions of the app. The study consisted of usahility testing of
a high fidelity prototype where our objectives were to identify
existing design and functionality issues along with usability
problems and to provide patients with a real look-and-feel of
the mobile system. In addition, we conducted semistructured
interviews to solicit responses from participants about app
usefulness, identify the need for new system features and design
requirements introduced by the new context of use, and
determine the acceptance of the maobile app and its featuresin
everyday health management.

Our study sample consisted of 7 cancer patients from a rural
municipality in the northern part of Norway. Inclusion criteria
were that patients were participants in the larger study where
they were given access to the Connect system on their private
computers, and that they had previous experience using the
system.

The usability study was conducted on two devices: (1) aniPod
device that smulated a mobile phone with accessto awireless
network and (2) an Asus Transformer tablet computer. The
devices were tested as follows: 2 participants tested the mobile
phone version of the app, 3 participantstested tablet PC version,
and 2 participants tested both versions. Since the 2 participants

http://mhealth.jmir.org/2014/3/e33/
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were tested in separate sessions separated by 3 months, we
concluded that first testing session did not considerably affect
the users’ efficacy in the second testing session. In addition, the
app interface and navigation elements were implemented to fit
different device characteristics, and this should serveto further
differentiate their user experience. All eval uation sessions except
one took place in a quiet room at a community center with a
moderator (JM). Only one participant was visited at home. The
study was performed in the Norwegian language. The moderator
guided the participants through the testing procedure but did
not intervene or disrupt the thinking process. Help was provided
to participants only if they explicitly requested it, and only the
essential amount of information to enable them to move on to
the next task was provided.

All participants completed a demographic questionnaire that
asked about their age, gender, education level, and previous
experiences with mobile phone and tablet devices, and previous
use of the Connect system. A tutorial of the Connect system
and itsfunctionalitieswas not given beforehand, sincetheinitial
assumption wasthat participants were already familiar with the
system from prior use on the Web-based app on a personal
computer. We al so wanted to understand the nature of challenges
involved in trandlating knowledge and procedures from one
platform to another. The participants were offered pre-training
exercises on the testing device prior to testing, with the goal of
enabling participants with little to no experience with mobile
touchscreen devices to gain a genera understanding of the
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standard mobile system design and
characteristics.

its navigational

Throughout testing, each participant was asked to perform nine
tasks of varying levels of complexity. The following tasks
covered the full range of functions offered by the mobile app:

« Login/Logout to the app (Tasks 1 & 9).

«  Reply to amessage from the nurse (Tasks 2-3).

«  Report the predefined set of health related symptoms (Task
4).

«  Find self-management activities that can be performed to
address new and previously reported health symptoms
(Tasks 5-7).

«  Share predefined text with other patients in forum (Task
8).

The participants were asked a set of follow-up semistructured
questions following each group of tasks, with the goa of
obtaining the participants’ immediate interpretation of a given
task scenario and system design and to facilitate the elaboration
of usability issues and increasing insight and design suggestions
[51]. During this phase, the participants were encouraged to
discuss the situations where they encountered problems or
expressed concerns and then discuss the possible causes of the
situation or possible design changesthat could be implemented
to address the identified issues.

After testing, the participants were asked to fill out the System
Usability Scale, a standardized questionnaire used to assess
participants’ perceptions of usability [52]. This robust and
reliable scale consists of a10-item questionnaire with each item
rated on a 5-point Likert scale. The scores for each question
were converted to a new number (odd questions score is
caculated as scale position minus 2, and even-numbered
guestions are calculated as 5 minus the scale position), added
together, and then multiplied by 2.5 to get the final score
(ranging from O to 100).

At the end of testing, participants were asked follow-up
questions about the full app design and its features, its
usefulness, participants’ intention to use it, and barriers to the
use of the mobile app in the future.

The participants were video-recorded and analyzed using Morae
usability and analytic software (Techsmith). In addition, notes
taken during observation of the sessions served to inform the
analysis. During the analysis, we quantified and characterized
aset of variables related to user performance. Specifically, we
identified the number of requests for assistance, the types of
errors participants made, and the time taken to complete the
task. We also noted the feedback provided by participants in
relation to their user experience. The list of identified events
(request for help, errors, participant feedback, and moderator’'s
observation) wasthen used to assemblealist of usability issues.

http:/mhealth jmir.org/2014/3/e33/
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Each of the usability issues was categorized according to
problem type and frequency of occurrence. The videos were
reviewed and coded by thefirst author (JM). All identified issues
were aso reviewed by the second author (DK), and all
differences were resolved through iterative viewings and
discussions.

Each of the usability issues was mapped to usability heuristics
for mobile devicesto note any violations of usability principles.
We employed usability heuristics for mobile computing as
defined by Bertini et a [53]. The heuristicsreflect amodification
of Nielsen's heuristics [54] with the goa to capture contextual
factors in mobile computing. The usability heuristics are (1)
visibility of the system status, (2) match between system and
thereal world, (3) consistency and mapping, (4) good ergonomic
and minimalistic design, (5) ease of input, screen readability,
and glanceability, (6) flexibility, efficiency of use, and
personalization, (7) aesthetic, privacy, and social conventions,
and (8) realistic error management.

All participant and moderator comments along with feedback
weretranscribed and analyzed using thematic analysis. Thematic
analysis was used to code the data based on main categories
identified in the user feedback and to gain amore structured set
of user needs and expectations from thistype of mobile system.

Results

Overview

In this section, we first present the results of the quantitative
analysis of the usability study, including demographic dataand
usability scale questionnaire results. The results of
semistructured interviews and observations captured during the
testing follow. The results are categorized in groups based on
the main topic and subtopics they address.

Participant Characteristics

Table 1 lists the characteristics of the study participants. Of the
7 participants, 4 were women and 3 were men. The average age
of the participants was 61 years (range 49-75). For education,
6 participants had completed grade school or high school
education, and only one had higher education. All of the
participants owned aprivate cell phone (5 had smartphones and
2 had regular cell phones), while only 3 participants owned a
tablet. The most commonly used function on the Web version
of the Connect system was the exchange of messages between
patients and health care provider (7 participants), thediary where
they note their private information (5 participants), and the
forum where they can share information with other patients (4
participants). Among the least used functions were symptom
assessment and self-management support (3 participants) and
the information module (2 participants).
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Table 1. Characteristics of the study participants.
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Characteristics n (%)
Age, median (range) 61 (49-75)
Gender

Mae 3(43)

Female 4 (57)
Education

Elementary/high school 6 (86)

University/college 1(14)
Own a phone

Smartphone 5(71)

Regular cell phone 2(29)
Experience with the phone

Low 0(0)

Medium 3(43)

High 4(57)
Own atablet computer

Yes 3(43)

No 4(57)
Experience with a tablet computer

Low 2(67)

Medium 1(33)

High 0(0)
Use of Connect system features on the Web version

Assessment module 2(29)

Symptom self-management support module 3(43)

Information module 2(29)

Messaging module 7(100)

Communication module 4 (57)

Diary module 5(71)

Quantitative Results

The task completion times with numbers of errors participants
made while performing tasks and number of times they
requested assistance are provided in Table 2. Although the
sample size was too small to do reliable tests of significance, it
is apparent that the tasks were completed consistently faster on
the tablet than on the mobile phone. However, as the standard
deviations suggest, there was substantial variation between
users. All the tasks required more time on the mobile phone
except for the logout task (Task 9). Tasksrelated to performing
symptoms assessment (Task 4) took the most time for all
participants to complete. They aso yielded the highest number
of errors and requests for help. Perhaps the primary reason is
that this task is more complex and requires the user to go
through four different steps: (1) symptom selection, (2)

http://mhealth.jmir.org/2014/3/e33/

assessment of symptom bother (eg, a rating of perception of
pain or irritation), (3) assessment of importance to address the
problem during meeting with health provider, and (4) review
of assessment summary. Additionally, symptom assessment
was one of the least used functions on the Web version of the
Connect system. Since participants were not previously
acquainted with this system feature, they encountered problems
in understanding the organization of functionality and step
sequence without an initial introduction. The task of asking a
user to reply to a message from the nurse and attach a picture
to the message also took moretimefor patientsto perform, even
though the messaging function is one of the most frequently
used features on the Web version for al participants. The high
completion time and number of errors and requests for help
indicate possible usability issuesin implementation of the new
picture attachment option.
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Table 2. Quantitative results (time and standard deviation, errors, and requests for help) for both mobile phone and tablet app across nine tasks.

Time (SD), seconds Errors, n Requests for help, n

Mobile phone Tablet Mobile phone(n=4) Tablet (n=5) Mobile phone (n=4) Tablet (n=5)
Task 12 101.25 (60.7) 67.6 (29.6) 1 4 2 4
Task 2P 321.75 (120.2) 293.2 (58.2) 7 5 1 20
Tak3®  42.75(37.3) 28.4 (21.1) 2 0 3 2
Task 4° 682.75 (186.4) 403 (81.3) 10 5 26 30
Task 5¢ 191.75 (88.7) 116.6 (48.9) 2 2 7 16
Task 6 116.75 (40.4) 108.0 (41.2) 2 1 7 11
Task 79 132.75(85.4) 69.4 (77.94) 2 2 4 3
Task 8° 186.75 (80.6) 142.8 (32.5) 1 1 4 4
Task of 13.75 (8.5) 22(4.9) 0 0 1 1
Sum 27 20 65 91

#Task 1: Login to the app.
BTasks 2-3: Reply to a message from the nurse.
®Task 4: Report the predefined set of health related symptoms.

Hasks 5-7; Find self-management activities that can be performed to address new and previously reported health symptoms.

®Task 8: Share predefined text with other patientsin forum.
fTask 9: Logout.

The number of requests during testing was very high, with
participants making more requestsfor hel p when using the tabl et
app. One explanation could be that a majority of them owned
mobile phones and had prior experience with these types of
devices, which resulted in increased levels of self-confidence
and fewer requests for help. However, 4 patients did not own a
tablet and of the 3 patients who owned atablet, 2 had limited
experience and needed routine guidance. Frequency of requests
across tasks was highest for the symptom assessment and
messaging module, which also required the most time for
participants to complete (as previously discussed).

The number of errors participants made during testing was
higher for the mobile phone app and, consistent with previous
observations, was the highest for the symptom assessment and
messaging module. Additionally, in the tablet app, participants
made agreater number of errorswhilelogging into the app. The
errors in this task were related to the participant’s lack of
experience with the use of the virtual keyboard (eg, they
frequently used the wrong buttons on the keyboard or the
navigation bar, which either hid or displayed the keyboard).

The average subjective usability ratings from the System
Usability Scale questionnaire were 71.25 (SD 14.8) for the
mobile phone app and 72.5 (SD 15.3) for the tablet app. On the
System Usability Scale, 68 isconsidered an average score [55].
From the results, we can conclude that participants, on average,
rated both apps as being dightly above average. However, from
the patients’ individual ratings, we observed that 4 patientsrated
mobile apps rather high with scores over 80 and the other
participants rated the mobile app as below average (lower than
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68). This result demonstrated that patients had a variable
experience in using the app. In addition, it was apparent that
the app did not support the full range of their requirements.

Qualitative Results

Overview

The thematic analysis of the interview transcript and users
feedback during the usability testing processrevealed two main
themes: (1) mobile app user-friendliness, with subtopics of
Mobile app design and functionality issues, Self-efficacy and
training, and Ease of use, and (2) usefulness of the Connect
system, with subtopics of Context dependent usefulness of
system features, System usefulness and intention to use, and
Integration of new features.

Connect Mobile App User-Friendliness

Mobile App Design and Functionality Issues

The quantitative and qualitative analysis of the usability testing
results together with the qualitative analysis of interviews with
participants revealed design and functionality issues of the
Connect Mobile app that have a potential to influence its
effective and efficient use. The testing revealed a total of 27
design issues with the apps (13 for mobile phone and 14 for
tablet version) (see Tables 3 and 4). Each of theidentified issues
was mapped to source events (ie, errors, requests for help,
participant’s concurrent feedback, and moderator observation)
used to identify the issue. Additionally, each of the issues was
categorized in one of eight usability heuristicsfor mobile devices
defined by Bertini et al [53].
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Table 3. Usabhility issuesidentified in the Connect app for mobile phones.
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App module Problem Source (frequency) Heuristic

Genera Color consistency between mobile and Web app Feedback (1) 3 — Consistency and mapping
Navigation issue—support more advance optionsfor  Feedback (1) 3 — Consistency and mapping
expert users (eg, swiping screen)

Messaging The option for adding a picture to the message diffi-  Errors (1); Request for 5 — Ease of input, screen readability,

Symptom assessment

Symptom self-manage-
ment support

cult to find and use

Thefeedback about attached imageisdifficult to find
Problems writing/editing a message—support in-
putting text in horizontal mode

Unnecessary popup

Popup screen options not intuitive

Collapsible set widgets not intuitive

Slider widgets not intuitive

Introduction screen not intuitive nor informative

enough

Symptom assessment values in the summary screen
not intuitive

Color of the bottom tab menu not intuitive

Option for removing item from the list misleading

help (2)
Request for help (3)

Feedback (2)

Request for help (2)
Errors (1)

Feedback (2); Errors (3);
Request for help (12)
Request for help (5)
Errors (1); Request for
help (4)

Request for help (1)
Errors (1); Request for

help (3)
Errors (1)

and glanceability

5 — Ease of input, screen readability,
and glanceability

5 — Ease of input, screen readability,
and glanceability

4—Good ergonomic and minimalistic
design

2 — Match between system and the
real world

5 — Ease of input, screen readability,
and glanceability

5 — Ease of input, screen readability
and glanceability

2 — Match between system and the
real world

2 — Match between system and the
real world

5 — Ease of input, screen readability
and glanceability

2 — Match between system and the
real world
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Table 4. Usability issuesidentified in the Connect app for tablets.
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App module Problem Source (frequency) Heuristic
Genera Color contrast across platforms Feedback (4); Observations (1) 5—Ease of input, screen readabili-
ty, and glancesability
Navigation issue—provide support for hardware back  Errors (4); Request for help (2) 3 — Consistency and mapping
option
Small font size Feedback (1) 5—Ease of input, screen readabili-
ty, and glancesability
Navigation issue—provide support for moreintuitive Feedback (1) 3 — Consistency and mapping
navigation buttons (eg, text in navigation buttons)
Messaging The option for adding apicture to the message difficult  Errors (1); Help (3); Observations 5—Ease of input, screen readabili-

to find and use

Font size too small for screens with more information

(message info, content of the message)

The feedback about attached image is difficult to find

Popup screen options not intuitive

Problems writing/editing a message

Difficult to answer to the message if the original con-

tent is not shown

Symptom assessment  Collapsible set widgets not intuitive

Slider widgets not intuitive

Introduction screen not intuitive nor informative
enough

Symptom sdlf-manage-
ment support

Font size too small for screens with text describing
advices

2 ty, and glancesability

Feedback (2); Observations (3) 5—Ease of input, screen readabili-

ty, and glancesability

Requestsfor help (2) 5—Ease of input, screen readabili-

ty, and glancesability

Requestsfor help (1); Observation
@
Observations (1)

2 —Match between system and the
real world

5—Ease of input, screen readabili-
ty, and glancesability

Observation (1) 2 —Match between system and the

real world

Feedback (1); Help (10) 5—Ease of input, screen readabili-

ty and glanceability

Observations (2); Requests for 5—Ease of input, screen readabili-

help (2) ty, and glancesability

Requests for help (1); Observa- 2 —Match between system and the
tions (1) real world

Feedback (3) 5—Ease of input, screen readabili-

ty, and glancesability

As suggested by the results of the quantitative analysis, the
majority of identified usability issueswere related to messaging
(11) and symptom assessment (7) modules. In the messaging
module, participants had the most problems with anew feature
that allowed them to attach a picture to the message. The option
for attaching apicture, placed at the bottom of screen asalink,
was hard to find and hard to use (Multimedia Appendix 1).
Additionally, when the picture was added to the message, the
feedback to the user in the form of a thumbnail image at the
bottom of the screen was not visible since the user could not
see it without scrolling down the page. Some participants who
tested the tablet app commented that they would prefer to have
alarger font size for screens when there is more information,
for example, a screen showing health related advices and
activities (Multimedia Appendix 2). Additionally, we observed
that some of the participants experienced problems with
inputting information. They also suggested the need for
introducing additional affordances, such as writing text in a
horizontal mode and quoting the original text of the sender’'s
message when writing areply.

For the symptom assessment modul e, the participants struggled
the most with understanding the collapsibl e set widgetsthat are
used to present different categories and subcategories of
symptoms (Multimedia Appendix 3). Themain issuerelated to

http://mhealth.jmir.org/2014/3/e33/

collapsible set is that participants had problems differentiating
between different levels of hierarchal organization provided by
the widget functionality. Additionally, one participant
misinterpreted the standard plus/minus icons that are used to
indicate that the categories are opened or closed. Some of the
participants had problems understanding how to use slider
widgets to set level of bother and importance for specific
symptom. In the introduction screen, most participants did not
understand the meaning of the text and often confused images
inthetext with buttons (Multimedia Appendix 4). Additionally,
genera designissuesnot related to specific system functionality
were identified, most of which related to providing more
intuitive or advanced navigations. For example, one of the
participants with extensive mobile device experience commented
that she was accustomed to navigating between separate parts
of the apps by performing a swiping motion on the screen.
Additionally, participants often wanted to use a hardware back
button (if it exists on the device), and one participant proposed
using both text and icons on the navigation buttons on the tabl et
app to support easier recognition and recall of options.

Most of theidentified issues (15 issues) wererelated to usability
heuristics addressing ease of input, screen readability, and
glanceability (Heuristic 5). Such issuesindicate that throughout
the study participants mainly struggled with options related to
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inputting data (such as previously mentioned issuesfor attaching
picture or selecting symptoms and botherness and importance
level), and previewing information on the device's small screen
(eg, organization of symptoms in collapsible sets, font size).
Additionally, the high number of usability issues that violated
Heuristic 2, describing mismatch between system and real world
(7 issues), and Heuristic 3, describing inconsistency and wrong
mapping (4 issues), showed that understanding and interaction
with system features were additionally challenging in some
parts of the apps (eg, meaning of icons and system feedback,
support for advanced navigation options). It should be noted
that we did not identify any violations to the following
heuristics: visibility of system status of the mobile device
(Heurigtic 1), flexibility and personalization (Heuristic 6),
aesthetic, privacy, and social conventions (Heuristic 7), and
error management (Heuristic 8). Problems associated with
Heuristic 7 were not likely to emerge given the nature of the
tasks.

Self-Efficacy and Training

As discussed previously, participants often felt insecure about
their actions and asked for help and confirmation before
performing tasks (Table 2). Thisis partialy attributableto their
lack of experience with mobile devices and perhaps their age
aswell. All participants commented that they would need some
timeto learn and get used to the system and its features before
they could start to use it regularly. Some indicated a need for
training prior to use. A couple aso noted that they often ask for
help from people in their surroundings (eg, family, friends)
when using new functions on mobile device:

| have a lot of grandchildren that are really helpful
to me in understanding the system. But they do it a
little too fast. Since they [already] know it. And that
isexactly my problem. When they aretrying to explain
[things] to me, | do not manage to follow them.
[Petient 5, Tablet]

During the testing, a couple of participants commented that for
a younger generation with more experience with technology,
the mobile app would be easier to use and more widely accepted
for everyday health management than for an older user group:

Fortunately | have a smartphone [with touch
screen)... So | am used to [this type of systems] ... If
| were 69 years old, and had an older Nokia phone
with regular keyboard, it would be more challenging
to use touch [screen]...And also | am not afraid to
press something wrong. And this would be more
difficult for peoplethat that are maybeallittle fearful.
[Patient 1, Mobile phone]

By the end of testing, most of the participants had gained some
experience with the system and mobile app features, which led
to much faster task completion times and a reduced number of
requests for help. Two of the participants even commented that
they were very satisfied with how they performed the tasks. Al
of the participants agreed that by using the app regularly they
would be better acquainted with its features and use it more
efficiently:
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I think I will be able to use [the app], but it will take
time. These tasks...When it is new then there are a
lot [ of new things] . However, | did thisin the Connect
[Web app]. So | can find what | want now [in the
system]. [Patient 3, Tablet]

Ease of Use

After testing, al participants commented that it was not hard
to perform the tasks and they were able to find the right
functions in the app menus. They concluded that the mobile
app is simple to use, and one participant stated that it is much
easier to perform and understand tasks on a mobile phone app
than on the Web version. After testing the tablet version, the
same patient additionally concluded that the tablet version is
even easier to use compared to the mobile phone and Web apps.

Most of the participants commented that they did not want more
functions on the mobile phone and tablet apps because they
would be more complicated and harder to use. However, other
participants suggested that supporting further functionalitieson
mobile app(s) could be useful for users with greater expertise
in these emerging technologies.

Usefulness of the Connect System

Context Dependent Usefulness of System Features

As noted before, al participants in the study were involved in
the larger study and had previously used the Connect system
on a Web browser on a personal computer. The background
guestionnaire showed that the symptom assessment and
self-management support and information modules were the
least used functions on the Web app (Table 1). Most participants
in this study reported that the main reason for not using the
symptom assessment and self-management support modules
was that they did not have the need for these functionsin their
phase of illness. They commented that these features would be
better suited for patients who were recently diagnosed since
they would be experiencing arange of new symptoms and have
numerous emerging concerns related to their health condition.
Only one participant said that she did not possess strong enough
knowledge of the system, which influenced her use of the
different system features:

| always said that is important to get access [to the
Connect system] when you arein thetreatment, when
you are new cancer patient. When some time passes,
then you usually go beyond this part (points to the
screen with registration process). Then this[ symptom
assessment and self-management support functions]
isnot what it isimportant. There are other thingsthat
are a little more important. But for people that get
cancer, and are new cancer patients, this[functions]
isvery important. [Patient 3, Tablet]

In addition to their previous comments about how usefulness
of system features are related to the phase of the illness, after
testing the mobile app some of the participants concluded that
the usefulness of the system features could also be influenced
by different contexts of use such as termina type. They
commented that symptom assessment and self-management
support features, which were not frequently used on the Web
app, could be used on mobile devices to overcome limitations
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introduced by the mobile device's characteristics. For example,
sincewriting text ismore difficult on amobile device, symptom
assessment functionality can be used for easier registration and
management of health problems instead of the diary
functionality. Additionally, the symptom self-management
module can be used to find practical advice on how to address
health issues and presents an alternative to writing messagesto
the nurse.

System Usefulness and I ntention to Use

Regarding Connect system functionalities, the participants
commented that Connect system provides a lot of quality
information, which is obviously important for this type of
system. One participant additionally commented that for her
one of the main goals of the Connect system was to provide
support for easier patient-provider communication and higher
levels of cooperation between patients:

When | had acute problems | had to go to the doctor.
But for more chronic problems, like thoughts,
emotions, experiences, physical problems... And when
| finally sat down and wrote and defined all my
problems... | could relax and be home. And not have
to go to the doctor, and get appointments as | did
[before]. And | knew | will get the answer and that
thereis somebody there who heard me. And then you
as a cancer patient do not feel so alone...And that's
where you can get support through SMSor systemas
Connect. [Patient 1, Mobile phone]

Itisnot just thefact that health care personnel should
be available and give you answer in 24 or 48 hours.
But we should be help to each other... | think the
overall goal of the system and its functionalities is
the meeting point for cancer patients... So we can
share experiences about our anxiety, treatment,
diagnose... And they [the patients] can be of help to
each other. [Patient 1, Mobile phone]

All participants agreed that both phone and tablet versions of
the app are useful and that they would use them in future. Some
of the participants even commented that they previoudly thought
about or tried accessing the Connect system over mobile
device(s). Some of the participants also commented that if they
could have the opportunity to use the Connect system on a
mobile device, they probably would not need to use the Web
version.

Most of the participants commented that they would use the
same features on the Connect Mobile app asthey currently use
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on the Web app, but they identified new contexts of use that
were enabled by mobile terminal characteristics:

So | got the [notification] message on my mobile
phone [that | received a new message in Connect
system], and only when | came home in the afternoon
could | log in [and read it]. But tablet or mobile
phone peopl e have themwith themall thetime so they
can log in and see[the message] right away. [ Patient
4, Tablet]

Integration of New Features

In addition to testing standard features of the Connect system
on the mobile app, we also investigated how they can be further
expanded with new functions that better fit mobile terminals,
such as tools for sending pictures to health care providers as
attachments to messages. All participants agreed that this
function would be very useful and that they would use it since
adding a picture to email or text message is a commonly
performed action on their own mobile devices. One participant
additionally suggested that rich media (such as pictures and
video) could be integrated with blog or forum modules to
support easier sharing of different information between patients.
The same patient commented that since she does not have a
good memory as aresult of her treatment, she frequently takes
pictures of her medications with the camera on her phone to
facilitate management and recall of the medication information
during consultations with her health care provider.

Discussion

Design Recommendations

Mobile devices are ubiquitous tools in everyday life and are
increasingly becoming part of the armaments for patients in
their efforts to manage chronic disease. However, the available
tools often do not support the needs of patients. Thereisaneed
to better understand obstacles in order to use these tools more
productively and to fashion appropriate design solutions to
better suit user needs. We identified a set of design issues in
our findings that could also be used to further improve mobile
app functions and design in health care contexts. From these
issueswe defined a set of general design recommendations that
can be used when devel oping patient support mobile apps with
similar design and functionality requirements. The design
recommendations, grouped by the device type (mobile phone
app, tablet app, or both), and usability heuristics are presented
in Table 5.
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Table 5. The design recommendations grouped by the device type and usability heuristics.

Mirkovic et al

App type

Heuristic

Design recommendations

Useful design features

Mobile phone and tablet

Mobile phone

Tablet

5: Ease of input, screen
readability, and glanceabil-
ity

3: Consistency and map-
ping

2: Match between system
and the real world

4: Good ergonomic and
minimalistic design

5: Ease of input, screen
readability, and glanceabil-
ity

6: Flexibility, efficiency of
use, and personalization
3: Consistency and map-
ping

5: Ease of input, screen
readability, and glanceabil -
ity

3: Consistency and map-
ping

Make sure the contrast between colorsis
clearly noticeable across different devices

types

Most important options/buttons/feedback to
users must be visible on the screen without
scrolling

Collapsible sets and slider widgets may be
problematic to use and understand

Implement support for using templates when
writing messages to avoid requirement for
too much writing

Use the same colors across both Web and
mobile systems

Enable both software and hardware back
buttons (if device supportsit)

Make sureimages and icons used in the app
do not resemble of buttons

Text and optionsin dialog boxes must be easy
understandable and intuitive

Enable user to preview original message
content when writing reply

Avoid use of not required popups/dial ogs

Provide support for writing message in hori-
zontal mode

Implement advanced navigation options (eg,
swiping screens) for expert users

Use bigger font size (compared to the app for
mobile phones) and additionally allow users
to adjust text size themselves by zooming on
screens with much text

Use both text and icons on buttons

Easy identifiable back option

Support buttons with both icons and text

Implementation of system featuresto resem-
ble to standard mobile app(s) options

System features should resemble across all
apps (Web, mobile phone, tablet)

Option to customize main menu features

Organization of the content on the screenin
the two areas: menu on the |eft side and the
main content on the right side

Results showed that when performing tasks, patients mostly
relied on their prior experience with mobile devices and Web
versions of the Connect system and used knowledge along with
anal ogies of these more familiar domainsin order to build robust
mental models of less familiar domains on the Connect Mobile
app. The patients usually made mistakes or requested help when
interface elements were not shown in away that matched their
previous experience with similar systems and real world
perception (Heuristic 2). Inconsistency in mapping of system
functions and interactions to standard mobile systems and the
Connect system’'s design and functions (Heuristic 3) aso
contributed to incorrect mappings across different mental models
and served to diminish task performance. For example, one
patient commented that the use of consistent col ors across apps
and more advanced standard navigation options on mobile phone
app (swiping screens) would help her to transfer knowledge
from one context to the other. Most of participants during
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interviews commented that they perceived the system features
they previously used in the Web version or on private mobile
device(s) as easier, since they were able to recognize the same
features across different apps and/or devices. The previous
experience with the Connect Web app aso influenced the
effectiveness of task performance. Based on these results, we
can concludethat use of some standard design rules (eg, colors,
system icons, option names) acrossall apps (Web, mobile phone,
tablet) can help users transfer their knowledge of the Connect
system to different contexts. Also, the devel opment of a native
mobile app that could be used on patients' private mobile
devices, and adapting its features to resemble ones on the
standard mobile devices (eg, organization of content, menus,
navigation) can further support users to create more accurate
mental models of the mobile app and itsfeatureswhile providing
abetter match between system features and the real world. This
conclusion is consistent with findings from related research
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work that also underline the importance of developing mobile
health care apps for use on patients private phones while
complying with standard mobile design and functionality rules
that patients are familiar with, rather than compelling users to
learn to interact with additional mobile device(s) [23,33].

Due to the limited characteristics of maobile devices (eg, small
screen, limited input capabilities), different issues influencing
ease of input, screen readability, and glanceability (Heuristic
5) are identified. For example, participants did not aways
remember to scroll down, which caused them to miss some of
the options that were not visible on the top of the page.
Similarly, collapsible sets and slider widgets were problematic
to understand and use. Due to both age and ongoing health
treatments, several participantsreported physical problemsthat
limited their use of mobile devices (eg, swollen hands that
introduced additional difficulties when navigating and using
touch screen; memory problems). In the literature, different
research projects have investigated how universal design rules
and guidelines should be applied to support the devel opment
of mobile appsfor userswith special needs. For example, Kane
et al proposed more general guidelines for devel oping maobile
services for people with visual and motor disabilities, such as
support for highly flexible interface customization to arbitrary
settings, and dynamic adaptation of user interface to increase
accessibility in different outdoor environments [56]. More
specific design approaches have been created to facilitate
interactions for people with specific needs, such as dliding
fingers on the screen instead of tapping for people suffering
from tremors [57] or using pens and edges on the screen for
people with motor issues [58]. Participants in our study also
gave us some suggestions on how they usually address these
problemswhen using their private mobile devices and proposed
how the Connect Mobile app could be adapted to be more
suitable to their needs. For example, a couple of patients
suggested that the horizontal view mode must be enabled when
writing text on mobile phones since in this manner the buttons
are bigger and easier to press. In menus, both icons and text
should be used, since remembering meanings of just icons can
be difficult. Additionally, different options can be used to
facilitate inputting text in forms (eg, using template text, bigger
font size of input fields).

Aside from the design issues and problems observed in the
study, patients also identified navigation and design features
that they found particularly useful. For example, on the tablet
app, participants were very satisfied with organization of the
content on the screen in the two areas (menu on the left side
and the main content on theright side) sinceit provided a better
overview of page content and required less action from the user
(Heurigtic 5).

The results of the study showed that it would be useful to have
customization options that enable users to manually adjust the
visibility of app modules on the main menu. This option could
be used to preserve mobile app simplicity, which is identified
as one of the most important app features. The customization
option would be especially useful if the maobile app were to be
expanded to support more system features. In genera, the
customization of system optionsis a regular feature of mobile
apps (the app world in particul ar) that enable usersto adjust the
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content and features of the app to better fit their needs. This
finding is consistent with several other mHealth studies that
underscore the importance of enabling user customization
[7,33,59,60]. Of course, unbridled customization would lead to
app inconsistency and result in possible user confusion, soit is
necessary to strike a balance between consistency and flexibility
[61].

Connect System in the New Context of Use

Theresultsfrom our study showed us patient needsfor different
system features on mobile phones and tablet devices, and how
they differ from their Web app needs. Some patients said that
they would use mainly the same functionalities on the mobile
device as on the Web app, but aso identified how the same
features can be useful inthe new contextsintroduced by mobility
of access terminal (eg, having the option to read the message
from the health provider as soon asthe SM S notification arrived,
enabling access to the forum and blog features when traveling
or away from home). Other patientsidentified featuresthat they
had not previously used on the Connect Web app as more useful
on the mobile app. For example, since typing text was a
demanding task for this patient group, some of them proposed
using alternative system features such as menus that require
selection from apredefined list (eg, using symptom assessment
functionality for monitoring and reporting health symptoms
from predefined listsinstead of writing and describing symptoms
in free text in the diary module). Thisis a classic problem in
design that reflects the tension between
flexibility/expressiveness and the need for standardization and
structure [62]. Additionally, the symptom self-management
support module can be used by patients to find advice and
identify possible solutions related to reported symptomsinstead
of having to write messages to the nurse to solicit their advice.
These results showed us how patients change and adapt their
health management needs based on the current context, and how
these new needs are influencing perception of usefulness and
acceptability of different system features in the new contexts
of use.

The results of this study were consistent with some of the
common usage patternsfor the current Web version of Connect
system [41,45]. For example, this group of patients used the
Web app more as a communication tool that enabled them to
communi cate with other patients and to provide each other with
support, as well as to exchange information with their health
care provider. In fact, one of the participants erroneously
believed that the symptom assessment module generated a
summary report that was automatically shared with his health
care provider. Additionally, two other participants asked if it
was possible to share lists of report problemsin Connect with
their health care provider. The feedback we gained during the
study underlined the importance of system features that enable
patients to involve health care personnel in health issues
management and | everage socialization and sharing experience
with other patients[7,40,41]. Thisisaprerequisitefor effective
shared decision making, which isespecially important for cancer
patients [63].

The participants reported that the acceptability of patient support
systems and its features are influenced by the phase of illness.
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For example, system featuresthat enable patientsto self-manage
their symptoms and health-related issues are particularly
important for patients in the early phases of their illness and/or
treatment. Thisis consistent with results from previous studies
[31,40,45,64,65].

Mabile App Usefulness and Directions for Further
Development

All participants agreed that the Connect Mobile app is useful
and that they would useit in the future for managing their health
conditions. The results of the study support the notion that
patient support systemsfor cancer patients, such asthe Connect
system, should be available across multiple modalitiesincluding
Web and mobile devices. Integration of different mobile devices
that provide the new context of use and advanced features are
required to enable the full potential of patient support systems
(such as personal health records and patient portals). Such
systemswould serveto increase use and accessibility for patients
and promote shared decision making with health providers.

Participants also provided feedback on how different system
features could be further developed and improved to support
more efficient communication and collaboration. For example,
using new information formats such asimagesin messages and
blog modules can help patients to share their experience and
health issues with others. The related research work on use of
rich media as pictures [66,67], voice [33], and videos [68] in
managing health conditions showed positive results and
identified mobile devices as suitable tools to more quickly
capture richer data, which was not previously possible using
stationary computers. The results of our study are consistent
with these findings and show patients’ preferences on how rich
media can be integrated as part of different functions of the
Connect system for both sharing and managing personal health
information. Also, integrating symptom assessment modules
with electronic health care records supports more efficient
symptom monitoring and enhances shared decision making
between patient and health care provider.

User Training

The results of the study identified existing misunderstandings
about Connect system functionalities showing that the patients
mental models of the system do not completely correspond with
thereal system functions. For example, as reported previoudly,
one patient used the symptom assessment module because he
believed that this information was visible to his health care
provider and complained that he never received any return
communications. He did not understand that the reported
symptom should be used for self-management and that he can
use symptom self-management support module himself to find
advice addressing previously reported symptoms. One other
patient was rel uctant to write and share thoughts and comments
with other patients since she was concerned about privacy issues
and did not realize that only her nickname (and not identifiable
information) was shown to others in the discussion forum.

These misunderstandings suggest that better training for new
users, including a more detailed explanation of the system
functions, is necessary for both proper use of the system and
its acceptance. This is especially important with older users
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with limited prior experience with technology [69,70]. This
study isaprecursor to alarge-scale clinical trial of the Connect
Mobile app. The findings of the study highlight the need for
effective training to avoid possible mismatch between user
mental models of the system and system. The fact that amajority
of the participants became proficient during a 1-hour testing
period showed us that the training period does not need to be
very long, but it should focus on the system features that are
more problematic and complex for potential users.

Some participants argued that the mobile technology is more
suited for younger patients than for older users due to their
limited experience with aspects of these devices such as the
touchscreen display. However, even though most of the
participants in this study were middle aged or older and not
proficient users of mobile devices, all of them showed interest
in using these apps to access the Connect system. Thistrend is
aso shown by some of the previous research, which
demonstrated that older adults are also interested and capable
of using emerging devices and advanced servicesfor managing
health care issues [71-73]. Additionally, the lower level of
education of most participants did not influence the acceptance
of the mobile app in our study, contrary to previous research
findings [38].

Limitations and Future Work

We recognize that the user group of 7 patients who were
involved in this evaluation study constitutes asmall sample and
may nhot adequately represent the larger user population.
However, the sample sizeismore or less consistent with general
recommendationsfor usability testing that state that the mgjority
of usahility issues can be identified with smaller number of
participants (eg, 5-7 participants) [74,75]. It provided us with
valuable feedback about the current app design and identified
significant usability issuesthat will be addressed in theiterative
design process. Additionally, we believe that participants’ prior
knowledge and experience with the Connect system enabled
them to more readily assess the Connect mobile app’s
usefulness, evaluate potential new contexts of use, and suggest
new functions to augment the existing system.

Although we can learn alot about the usability of a mobile app
in a controlled setting, it is important to test it in real-world
situations, which are highly variable [76]. In the future, and
prior to theclinical trial, we are planning to organize afeasibility
study (outside a laboratory context) to further identify
implementation issues and context-related concerns about the
system features and design.

Previously we noted that there is limited related research on
how moabile devices can be used in the context of health care
information systems for cancer patients. These patients have
special needs and unique problems. Further work is needed to
identify the primary factors and design issues influencing
acceptability and usefulness of different system features of
mobile health care information services. In our future research,
we are planning to continue work on development of Connect
Mobile app and investigate how apps for mobile phones and
tablets can be designed and adjusted to best fit users' needsin
the new contexts of use. Some of the potential new app features
have been identified during testing, as well as the need for
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further exploration of how we can add rich mediato the Connect
Mobile app.

Conclusions

This work describes the results of our study of the design and
functionality requirements for developing a mobile app to
support cancer patients management of health-rel ated symptoms
and problems.

The study has shown the need for and potential of integrating
mobile phones and tablets in patient support systems and
identified design recommendations and useful features that can
be applied during mobile app design and devel opment processes.
The results of this study demonstrated how potential use and
acceptance of different patient support system features could

Mirkovic et al

be influenced not just by usefulness of specific functions but
also by current context of use. The results from the study will
be used in theiterative devel opment of the Connect Mobile app
and can also be used by other devel opers and researchersin the
development, integration, and evaluation of mHealth apps and
services that support cancer patients in managing their
health-related issues and problems. mHealth is a burgeoning
area of research and application. However, we are not yet at the
point where system development is based on a stable paradigm
that factorsin a host of usability and idiosyncratic user needs.
Nevertheless, it isbecoming more apparent that even userswho
are typically considered to be disadvantaged, including older
adults and those with lower levels of education, will not only
accept the technology but also embrace it.
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Multimedia Appendix 1

App screen with the option for attaching a picture on the bottom of the page that was hard to find and use (in norwegian).
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Multimedia Appendix 2

App screen showing the small font size on pages containing lots of text (in Norwegian).
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Multimedia Appendix 3

App screen with the collapsible set widget that was problematic for participants to understand (in Norwegian).
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Multimedia Appendix 4

App screen with images that were confused as buttons (in Norwegian).
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Abstract

Background: Sexual risk behaviors associated with poor information on sexuality have contributed to major public health
problems in the area of sexual and reproductive health in teenagers and young adults in Colombia.

Objective: To report our experience with the use of DoctorChat Mobile to provide sexua education and information among
university students in Bogota, Colombia, and knowledge about the sexual risk factors detected among them.

Methods: A mobile app that alows patients to ask about sexual and reproductive health issues was developed. Sexua and
reproductive risk behaviors in a sample of young adults were measured before and after the use of the app through the validated
survey Family Health International (FHI) Behavioral Surveillance Survey (BSS) for Use With Adults Between 15 and 49 Years.
A nonprobabilistic convenience recruitment was undertaken through the study’s webpage. After completing the first survey,
participants were allowed to download and use the app for a 6-month period (intervention), followed by completion of the same
survey once again. For theinferential analysis, datawas divided into 3 groups (dichotomous data, discrete quantitative data, and
ordinal data) to compare the results of the questions between the first and the second survey. The study was carried out with a
sample of university students between 18 and 29 years with access to mobile phones. Participation in the study was voluntary
and anonymous.

Results: A total of 257 subjects met the selection criteria. The preintervention survey was answered by 232 subjects, and 127
of them fully answered the postintervention survey. In total, 54.3% (69/127) of the subjects completed the survey but did not use
the app, leaving an effective popul ation of 58 subjects for analysis. Of these subjects, 53% (31/58) were women and 47% (27/58)
were men. The mean age was 21 years, ranging between 18 and 29 years. The differences between the answers from both surveys
were not statistically significant. The main sexual risk behaviorsidentified in the population were homosexual intercourse, nonuse
of condoms, sexual intercourse with nonregular and commercial partners, the use of psychoactive substances, and lack of knowledge
on symptoms of sexually transmitted diseases and HIV transmission.

Conclusions:  Although there were no differences between the pre- and postintervention results, the study revealed different
risk behaviors among the participating subjects. These findings highlight the importance of promoting high-impact educational
strategies on this matter and the importance of providing teenagers and young adults with easily accessible tools with reliable
health information, regardless of their socioeconomic status.

(JMIR mHealth uHealth 2014;2(3):€38) doi:10.2196/mhealth.2904
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Introduction

Sexua risk behaviors associated with poor information on
sexuality, such as the early onset of sexual intercourse and a
high number of sexual partners, isone of the factors contributing
to the status of sexual and reproductive health in teenagers and
young adults as a public health problem [1,2].

In Colombia, the pregnancy rate was estimated to be 2.4 children
per woman from 2002-2005, which is equivalent to 20 births
per 1000 women. I n teenagers, the pregnancy rate was estimated
at 90 births per 1000 women (79 per 1000 in urban communities
and 128 per 1000 in rural populations) [3]. This rate is one of
the highest compared with the rest of Latin America and the
United States. Regarding socioeconomic status (SES) as an
influence factor for sexual risk behaviors, one study conducted
in two cities in Colombia with 1100 teenagers from all
socioeconomic backgrounds showed that there are indeed
significant differences in patterns of sexual activity,
cohabitation, and pregnancy between teenagers with varying
SES in the country. The study showed a higher frequency of
teenage pregnancy among low-level SESwomen, dueto earlier
onset of sexual intercourse, cohabitation, and less willingness
to use contraceptive methods [4].

According to the National Demographic and Health Survey
(ENDS) conducted by Profamiliain 2010 among 49,562 women
between 15 and 49 years, it was determined that 99% had heard
about HIV/AIDS, but knowledge was lower in those between
15 and 24 years old [5]. The level of knowledge was lower in
rural areas (96%) than in urban areas (99%). Likewise,
knowledge was lower among women who have no education
(84%) and those at a lower economic level (95%). However,
another study conducted in the country concluded that higher
SESwomen share HIV and sexually transmitted diseases (STDs)
risk characteristicswith lower SESwomen, especially regarding
cultural aspects and gender rolesin relationships[6].

Various strategies of education for prevention have been
explored, but their impact has not been as great as expected.
From 2007, the Colombian Ministry of Health and Social
Protection has been implementing the national adoption of the
World Health Organization (WHO) Adolescent Friendly Health
Services (AFHS) model. The model aimsto facilitate the access
and essential attention of young people and teenagers to sexual
and reproductive health, in the context of the rights of health
[7]. On the other hand, the United Nations Fund for Population
Activities (UNFPA) Colombia promotes favorable conditions
for the informed and protected exercise of sexuality in severa
cities of the country (not including Bogota). The UNFPA aims
to do this by the promotion of comprehensive sexual and
reproductive health services. The UNFPA also promotes the
improvement of the socioeconomic determinantsthat contribute
to HIV vulnerability [8,9]. Nonetheless, the rates of pregnancy
and sexually transmitted diseases among young adults and
teenagers have not decreased in the last 20 years in Colombia
[8,10].

http://mhealth.jmir.org/2014/3/e38/

This situation has motivated the search for innovative programs
through the use of emerging information technologies. These
programs promise benefits in the diffusion of information and
guidancetoward prevention. However, their potentia and impact
have not been studied sufficiently in Latin America

Specifically, inthefield of sexual health for behavioral change,
literature on the applicability of mobiletechnologiesislimited.
In 2010, The Cochrane Collaboration published their review
on interactive, computer-based interventions for sexual health
promotion [11]. In this report that analyzed 15 studies, a
moderate positive effect was found on sexual health knowledge,
a small effect on self-efficacy, and a small effect on sexual
behavior. In the past years, there have been several studies and
reviews that indicate that short message service (SMS) may be
an effective low-cost method to promote sexual health among
young people [12,13]. However, very few of these studies have
been conducted in devel oping countries and most of them leave
aside the use of mobile phone technologies and Web-based
mobile apps. The WHO'’s report “mHealth—New horizons for
health through mobiletechnologies’ [14] summarizesthe global
effortsthrough mobile devicesfor health promotion. Thereport
showed many successful programs in health promotion using
SMS even in Colombia, but it does not mention interactive
mobile systems or mobile app-based programs. Yet it showed
how this kind of system can raise awareness in sexua health
problems and solutions. In 2006, Zhao et al concluded,
“providing sexual education to students in Shanghai over the
Internet isfeasible and effective” [15]. His statements suggested
that Web-based sexual education programs increased the
students’ knowledge of reproductive health and led to significant
changesintheir attitudestoward sexuality, particularly onissues
related to sexual freedom. The author concluded that the I nternet
offers significant potential to provide sexual education to
students and teenagers in China. Furthermore, one study
assessed the perception of a group of teenagers regarding
technology for enhancing sexual health education, showing that
young people can be enthusiastic and open to innovative ways
of education [16].

Fundacion Santa Fe de Bogota is a private, nonprofit health
organization located in Bogota, Colombia. The research group
that conducted thisstudy ispart of the Education and Knowledge
Management Department of the institution. This department is
in charge of the Telehealth Center and al its related activities
[17]. In September 2006, our research group started aWeb-based
medical counseling program service called DoctorChat. It isa
free-access, online consulting service for Spanish-speaking
users that allows them to submit health-related inquiries and to
receive personalized and accurate responses from awell-known
group of physiciansthrough asimple, Internet-based form [18].
As previously reported [19,20], most queries were related to
sexua hedlth in the young population. Teleconsultation in
Colombia has proved to be an innovative, low-cost, effective
method to provide accurate and useful health information. The
program also allows unrestricted open discussion on sensitive
topics such as sexually transmitted diseases and sexua risk
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behaviors. With these findings we concluded that the expansion
of the service into new platforms could enhance DoctorChat
potential and positively impact key health indicators in
Colombia, such astherate of teenage preghancy and spreading
of diseases, through innovative educational services. With that
in mind, the Web-based, mobile teleconsultation platform for
DoctorChat was designed and developed in partnership with a
software devel opment group from the Universidad delos Andes,
aprivate university in Colombia[21]. The ultimate goal of the
app isto promote and deliver accurate sexual health information
among young adults. Assessing a target population of young
adults in Colombia, including their behaviors and knowledge
regarding sexual health, can lead to future innovative
interventions on sexual health education, thereby increasing its
success. In this study, we tested the intervention in this
convenience sampl e before expanding accessto theintervention
by a broader population.

In Colombia and Latin America in general, penetration of
cellular phones among the population reached 100% (Figure

http://mhealth.jmir.org/2014/3/e38/
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1), and 32% of the population was found to have access to the
Internet, including mobile access [22]. Given that the
effectiveness of behavioral interventions on sexual health is
generally higher with measures on a specific target population
and with clear expected outcomes[2], it is of great importance
to assess intervention strategies through mobile device apps
such as DoctorChat Mobile. Furthermore, medical servicesin
Colombiaare costly, and for those under the age of 18, medical
appointments can only be scheduled by their parents or their
legal guardians. These legal and financial restrictions on the
ability of young people to access medical advice are very
important when considering the utility of these kinds of
strategies, which should be considered to be of high-potential
and high-efficacy for the promotion of access to accurate and
timely health information among young people.

In this paper we report our experience with the use of
DoctorChat Maobileto provide sexua education and information
among university studentsin Bogota, Colombia, and the sexual
risk factors detected among them.
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Figure 1. Mobile phone subscriptionsin Colombia, 2000-2012. Data taken from the International Telecommunication Union [22].

Methods

Study

Based on our previous experience with DoctorChat and in
aliance with the Systems and Computing Engineering
Department of the Universidad de |os Andes, we developed an
app that allowed users to send inquiries on sexua and
reproductive health topics through their mobile phones, and to
receive personalized and accurate responses from a
knowledgeable group of physicians. Users had to type their
guestions into a free text field with the possibility of attaching
multimedia files (Figure 2). All questions were individually
answered asynchronously by the medical team from the
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Telehealth Center in Fundacion Santa Fe de Bogota with a
response rate of 24 to 48 hours. The app ran on 4 mobile
platforms (iOS/iPhone, Android, RIM/Blackberry, and Symbian)
and 27 mobile devices most used by acohort of 371 potentially
eligible subjects. Potential subjects responded to a short
email-based survey which questioned their interest in the project
and the type of mobile device they owned.

The reference population was established from our previous
experience with the DoctorChat Web platform [19,20]. A
nonprobabilistic convenience sampling was performed with the
aim of recruiting at least 261 individuals, representing the
number of annual average users of DoctorChat posing sexual
and reproductive health questions.
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Figure 2. DoctorChat on amobile device; home screen (left), user profile screen (middle), and free text field (right).
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Recruitment and Process

For this study we recruited university studentsfrom Universidad
de los Andes with access to mobile phones. An invitation to
participate was sent viaemail to atotal of 12,463 studentsfrom
different departments of the university. Participation in the study
was voluntary and anonymous. If the subjects decided to
participate, they had to register at a specific website, confirm
all inclusion and exclusion criteria(Table 1), give their informed
consent, and accept the terms and conditions of the project.

Table 1. Selection criteriafor participation in the study.

Send Attach

Once registered, they received an automatic confirmation via
email with their personal username and password to access the
online survey. After completion of the preintervention online
guestionnaire [23], they were able to download and use the
moabile app.

Therecruitment period took 5 months and the app was available
for 6 months for each participant. After the 6-month period,
participants were invited to complete the postintervention
survey, which included questions on satisfaction with the app,
to conclude the process.

Inclusion criteria

Exclusion criteria

Aged 18-29 years

Reside in Colombia.

Have access to a mobile device that: - allows navigation using awireless
network or an owned data plan, and - allows the installation of the app
(installation reguirements were provided)

Have read, understood, and accepted the terms and conditions of the study

Health students and professionals

People who planned to leave the country for more than 20% of the time
available to use the service during the teleconsultation time

Sex workers.

Intravenous drug users

Survey

The survey Family Health International (FHI) Behavioral
Surveillance Survey (BSS) for Use With Adults Between 15
and 49 Years [23] was chosen to evaluate knowledge on sexual
and other risk behaviors in young adults. This survey has been
used and validated for more than 10 yearsin 20 countries, and
has generated significant results in this matter. The BSS was
conducted for thefirst timein Bangkok in 1993, and since then
has been conducted mostly on peopleat high risk of contracting
HIV and other sexually transmitted infections in developing
countries. The data obtai ned from these surveysworldwide have
enabled the implementation of more robust monitoring and
control systems of sexually transmitted diseases such as HIV

http://mhealth.jmir.org/2014/3/e38/

[23]. The questionswere limited to those of the validated survey
and were not modified. The second survey included four
additional questions on satisfaction with the tool.

Statistical Analysis

To ensure consistent analysis, data was initially collected and
compared with the selection criteria (Table 1). Data with
inconsistencies or lacking internal integrity was eliminated.
Subsequently, the data was normalized following the second
norma form as defined by Kifer et al [24], which ensured
consistency and helped with the analysis process by dividing
the results into work domains. This normalization also allowed
the authors to relate data with the DoctorChat app database,
determining which users used the app and how often. Thus, an
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initial descriptive analysis of the information could be
performed.

To perform the inferential statistical analysis, datawas divided
into three groups based on the nature of the questions on the
instrument used. This division permitted comparison of results
between the first and second survey. Samples were considered
to be independent and, in most cases, followed a normal
distribution.

The three analysis groups were as follows: dichotomous data
(with positive or negative answers), discrete quantitative data,
and ordina data (such as the Likert scale). For al tests, a
confidence interval of 95% was established. For
dichotomous-nature data, the Chi-squared test was used, not
assuming the Yates correction for continuity. Thistest was used
dueto its statistical power and to construct contingency tables.
For quantitative data, and given the paired nature of the results,
the Student’st test was used, which allows a statistical approach
in small samples. This approach allowed the comparison of the
variances and means of each sample. Finaly, for the
ordinal-class data, the measurement scale was established and
the Mann-Whitney-Wilcoxon test was used, allowing the
determination of differences between two scalar samples given
their ranges. All statistical tests were performed using the

Figure 3. Recruitment and subsets of subjects.

Recruitment Goal
(n=261)

Lopez et a
standard package from the statistical software R (The R Project
for Statistical Computing, Institute for Statistics and
Mathematics, Wirtschaftsuniversitat Wien).

Results

Recruitment

Of the recruitment goa of 261 subjects, 257 registered
voluntarily on thevirtual platform and met the selection criteria
Of these, 232 completely answered the preintervention survey
and, therefore, were dligible to advance to the intervention
phase. At the end of the intervention phase, 127 subjects fully
answered the postintervention survey. Of the 127 subjects that
completed both surveys, 69 of them (54.3%) did not use the
mobile app. Asthe intent was to compare the results from both
surveys and their relationship with the use of the mobile tool
(intervention), these subjects were excluded, leaving a final
effective sample of 58 subjectsto be analyzed (Figure 3). Asa
side analysis, the sexual behavior of those 69 subjects who
completed both surveys but did not use the app was performed
to compare the results with those who did use the app. In
general, there were no statisticaly significant differences
between the groups. Relevant results will be discussed in each
subsection.

Met inclusion criteria
(n=257)

minus: n=4;1.5%

v

Completelyanswered
survey 1

(n=232)

minus: n=25;9.7%

A 4

Completelyanswered
both surveys

(n=127)

minus: n=105;45.3%

A 4

Underwentintervention
(used the application)

(n=58)

Demographic Data

Demographic information was taken from the baseline survey.
Of thetotal analyzable subjects, 53% (31/58) were women, and
47% (27/58) were men. The mean age was 21 years, ranging
from 18 to 29 years. The subjects had lived in Bogota (the city

http://mhealth.jmir.org/2014/3/e38/

v

minus: n=69;54.3%

where the study was performed) for 13.3 years on average,
ranging from O to 29 years and most were from mixed ethnic
groups (mestizos). Regarding religion, most subjects were
Catholic (41/58, 71%), followed by nonreligious affiliation
(11/58, 19%). Table 2 summarizes the demographic data from
the subjects.
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Table 2. Demographic information of the subjects (n=58).

Lopez et a

Mean (SD) or n (%)

Agein years, mean (SD)

Years residing in Bogota, mean (SD)

Gender, n (%)

Religion, n (%)

Ethnic group, n (%)

Male 20(2.9)
Female 21(4.2)
Total 21(3.6)
13.3(9.4)
Male 27 (47%)
Female 31 (53%)
Total 58 (100%)
Catholic 41 (71%)
None 11 (19%)
Don't know 3 (8%)
Protestant 2 (3%)
Other 1 (2%)
Total 58 (100%)
Mestizos 41 (71%)
Caucasian 15 (26%)
Other 2 (3%)
Total 58 (100%)

Consultation Through the Mobile Service

Of the 58 subjects who used the mobile app, 48 of them (83%)
consulted 1 to 3 times. Of 58 subjects, 9 of them (16%) made

Table 3. Number of consultations per number of subjects (n=58).

4 or more consultations, and 1 person (2%) made 29
consultations (Table 3).

Number of consultations Number of subjects %
1 24 41
2 16 28
3 8 14
4 2 3
5 1 2
6 1 2
7 1 2
8 2 3
16 2 3
29 1 2

Sexual Background

In answer to the question “Have you ever had sex?’, 91%
(53/58) replied “yes’, 7% (4/58) replied “no”, and 2% (1/58)
did not answer. Of the 58 subjects, 12 women (21%) and 17
men (29%) had sexual intercourse for the first time under the

http://mhealth.jmir.org/2014/3/e38/
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age of 18. Overall, 50% (29/58) of the subjects had sexual
intercourse for the first time under the age of 18, ranging
between 13 and 22 years, with amean of 18 yearsand astandard
deviation of 3.3. When comparing both groups, men had sexual
intercourse for the first time at a mean age of 16 years, while
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women started sexual activity at amean age of 18 years(Figures  The differences between those who did not use the app but did

4-6). complete both surveys (Group 1), and those who did use the
app (Group 2) were not statistically significant (P=.97), and are
shown in Table 4.
Figure 4. Ageand gender comparison of first experience of sexual intercourse.
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Figure5. Age of first experience of sexual intercourse for males.
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Figure 6. Age of first experience of sexual intercourse for females.
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Table 4. Comparison of age of first sexual intercourse experience between groups.

Group 13(n=69)

Group 2b(n=58)

Answered “yes’ to the question “Have you ever 60 (87)
had sex?’, n (%)

Agein years of first experience of sexua inter- 17(1.9)
course, mean (SD)

Agerangein years® 12-23

53 (91)

18(2.1)

13-22

8Subjects completed both surveys, but did not use the app.
bSubj ects completed both surveys and used the app.
CAge range of first experience of sexual intercourse.

By comparatively analyzing the answers given by the subjects
in the preintervention versus the postintervention survey, no
statistically significant differences were found. However, risk
behaviors among subjects could beidentified in both. All results
reported in this section are taken from the baseline survey.

Regarding the sexual background of the subjects (Table 5) and
the main sexua risk behaviors identified, the surveys
demonstrated that over 80% (survey 1, 50/58; survey 2, 47/58)
of the subjects had sex in the 6 months prior to the surveys. In
the first survey, 2 men out of 27 (7%) claimed to have had sex
with another man, whereas in the second survey, 3 out of 27
(11%) did so, with an average of 3 partnersin the past 6 months
in the second survey. Furthermore, in the first survey, 12 men
out of 27 (44%) and 8 women out of 31 (26%) claimed to have
had sex with nonregular partners (to whom they were not
married, whom they had never lived with, and who did not
receive any payment), whereas in the second survey, 13 out of
27 men (48%) and 9 out of 31 women (29%) did so. From these
data, there was an average of 2.6 partners for men and 1.6
partners for women. This last difference was statistically
significant (P=.15). On average, men had sexual intercourse
2.6 timesin the past 30 days with their last nonregular partner,
and women had sexual relations 2 times (nonstatistically

http://mhealth.jmir.org/2014/3/e38/

significant difference, P=.64 and P=.38, respectively). Likewise,
3 men out of 27 (11%) and zero (0%) women claimed to have
had commercial sex partners in the last 6 months, with an
average of 1.7 commercial partnersfor menin thelast 6 months
for the first survey and 3 partners in the second. In the first
survey, none of the subjects answered how many times they
had sexual intercourse with their last commercial sex partner
inthe past 30 days. However, in the second survey, the subjects
claimed to have had sexual intercourse twice on average with
their last commercial partner.

Regarding the use of condoms, 18 subjects out of 58 (31%)
reported having sexual intercourse without acondom in the last
6 months. Out of 58 subjects 1 person (2%) reported in the
second survey not having used a condom during his last sexual
intercourse experience with a commercial partner. Of 58
subjects, 7 (12%) in the first survey and 6 (10%) in the second
reported not using a condom the last time they had sexual
intercourse with a nonregular partner. Finally, 34% (20/58) of
the subjects did not use a condom the last time they had sexual
intercourse with their regular partner. Results of sexual
background between those who did not use the app and those
who did were similar.
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Table 5. Sexua background of subjects (n=58).

Questions posed in surveys Survey 12 Survey 20 P value

n or mean (SD) n or mean (SD) P value

Have you had sexual intercoursein the last 6 months?, n
Yes 50 47 .23
No 4 8

Commercial Partners®

Men: Think about the female sexual partnersyou’ve had in thelast 6 months—were any of them commercial?, n

Yes 3 3 N/AY
No 20 20
Both genders: How many commercial partnershave you had sex with in the last 6 months?, mean (SD)
1.7 (1.15) 3(0) .18

Both genders: Think about your most recent commercial sexual partner—how many times did you have sexual inter cour se with this
person over thelast 30 days?, mean (SD)

0(0) 2(2.83) N/AY
Nonregular partners®
Men: Think about the female sexual partnersyou’ve had in the last 6 months—were any of them nonregular partners?, n
Yes 12 14 .55
No 11 19
How many nonregular partners have you had sex with in the last 6 months?, mean (SD)
Men 1.25 (0.46) 1.86 (0.69) .06
Women 1.5(0.84) 1.22 (0.67) 49

Think about your most recent nonregular sexual partner—how many times did you have sexual inter cour se with this person over the
last 30 days?, mean (SD)

Men 3(4.44) 2.11(3.82) 64

Women 244 (2.24) 1.43(0.78) 38
Women: Think about the male sexual partnersyou’ve had in the last 6 months—were any of them nonregular partners?, n

Yes 8 9 .75

No 17 15

Use of Condoms

Both genders: Thelast time you had sex with your regular partner, did you and your partner usea condom?, n
Yes 21 21 91
No 20 19

Both genders: Thelast timeyou had sex with a commercial partner, did you and your partner use a condom?, n
Yes 3 0 .15
No 2 1

Both genders: Thelast time you had sex with a nonregular partner, did you and your partner use a condom?, n
Yes 13 15 .66
No 7 6

Both genders: During the last 6 months, did you ever have sex without a condom with any commercial sexual partner or any other
sexual partner with whom you have never lived nor been married to?, n

Yes 18 18 .94
No 30 29

Male homosexual relations’
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Questions posed in surveys Survey 12 Survey 20 P value
n or mean (SD) n or mean (SD) P value

Men: Have you ever had any male sexual partnersin thelast 6 months?, n

Yes

No

2 3 81
1 1

Men: How many male partners have you had anal intercourse with in the last 6 months?, mean (SD)

1(0) 3(2.64) 32

3Preintervention survey.

bpostintervention survey.

CPartners with whom you had sex in exchange for money.
INot applicable.

®Sexual partnersthat you are not married to, who you have never lived with, and did not pay—do not include current spouse(s) or live-in sexual partners.

fSexual intercourse defined as penetrative anal sex.

Sexually Transmitted Diseases

Regarding knowledge of STDs (Table 6), 100% (58/58) of
subjectswere aware of the existence of STDs. Inthefirst survey,
69% (40/58) of the subjects answered that foul-smelling
dischargeisasymptom that can occur in both men and women.
However, 26% (15/58) answered that this symptom manifests
in only men or only women, and 5% (3/58) answered that this
symptom does not occur. For this same question in the second
survey, 86% (50/58) answered that this symptom can occur in
both men and women, 9% (5/58) answered that it manifestsin
only men or only women, and 5% (3/58) answered that this

http://mhealth.jmir.org/2014/3/e38/
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symptom does not occur. This change represented astatistically
significant difference between both surveys (P=.04). However,
this statistically significant difference was not observed in the
group of those who did not use the app (P=.25).

Of the 58 subjects, 41% (24/58) in the first survey and 31%
(18/58) in the second survey did not consider anal irritation or
discharge to be a symptom of STDs.

In the first survey, 19% (11/58) of the subjects answered that
itching is a symptom present in only men or only women, and
12% (7/58) answered the same in the second survey.
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Table 6. Knowledge of sexually transmitted diseases (n=58).

Questions posed in surveys Survey 12 n Survey 2 n P value

Have you ever heard of diseasesthat can be transmitted through sexual intercour se?

Yes 58 58 N/A®
No 0 0

Can you describe any symptoms of STDsin women and/or in men? d

Genital discharge

Women and men 44 46 75
Only in women or only in men 10 8
None 4 4

Foul-smelling discharge
Women and men 40 50 .04
Only in women or only in men 15 5
None 3 3

Genital ulcers/sores
Women and men 46 48 .81
Only in women or only in men 11 5
None 1 5

Anal swelling or discharge
Women and men 23 35 .06
Only in women or only in men 11 5
None 24 18

Itching
Women and men 46 47 .99
Only in women or only in men 11 7
None 1 4

Flu-like symptoms
Women and men 25 30 40
Only in women or only in men 1 1
None 32 27

Abdominal pain
Women and men 11 21 24
Only in women or only in men 18 25
None 29 12

Burning pain on urination
Women and men 49 48 74
Only in women or only in men 8 7
None 1 3

Headache
Women and men 20 19 .88
Only in women or only in men 0 3
None 38 36

Diarrhea

http://mhealth.jmir.org/2014/3/e38/ IMIR mHedlth uHealth 2014 | vol. 2 | iss. 3| €38 | p.48

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH Lopez et a
Questions posed in surveys Survey 12 n Survey 2b, n P value

Women and men 18 21 .69

Only in women or only in men 2 1

None 38 36

Nausea and vomiting

Women and men 16 19 .93

Only in women or only in men 10 6

None 32 33

3Preintervention survey.
bpostintervention survey.
®Not applicable.

HThese questions are meant to assess whether participants think that STD symptoms may occur only in one gender. The questions were taken from the

validated FHI survey and were not modified.

HIV/AIDS

With regard to HIV awareness (Table 7), 1 person out of 58
(2%) claimed not to have ever heard of HIV. Of 58 subjects, 7
individuals (12%) in the first survey and 4 (7%) in the second
survey claimed that a person can contract HIV by sharing food

http://mhealth.jmir.org/2014/3/e38/
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with someone who is infected. Out of 58 subjects, 11 (19%)
that answered the first survey and 10 (17%) that answered the
second survey did not know whether a woman with HIV or
AIDS can transmit the virus to her newborn child through
breastfeeding.
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Table 7. HIV knowledge by subjects (n=58).

Questions posed by the surveys Survey 12 n Survey 2 n P vaue

Have you ever heard about HIV or the disease called AIDS?
Yes 57 58 32
No 1 0

Can people protect themselves from HIV, the virusthat causes AIDS, by using a condom correctly every time they have sex?

Yes 56 57 .32
No 1 0

Can a person get HIV from mosquito bites?
Yes 7 4 51
No 42 37
Don’t know 8 17

Can people protect themselves from HIV by having one uninfected faithful sex partner?

Yes 46 45 .64
No 8 10
Don't know 0 0

Can people protect themselves from HIV by abstaining from sexual inter cour se?

Yes 38 41 .64
No 19 17
Don't know 0 0

Can a person get HIV by sharing a meal with someone who isinfected?
Yes 7 4 .36
No 46 48
Don't know 4 6

Can a person get HIV by getting injections with a needle that was already used by someone else?

Yes 56 58 31
No 1 0
Don't know 0 0

Do you think that a healthy-looking per son can be infected with HIV, the virusthat causes AIDS?

Yes 56 58 31
No 1 0
Don't know 0 0

Can a pregnant woman who isinfected with HIV or AIDStransmit thevirusto her baby?

Yes 56 56 .32
No 0 1
Don't know 1 1

Can awoman with HIV or AIDStransmit thevirusto her newborn child through breastfeeding?

Yes 20 25 .55
No 11 10
Don’t know 26 23
3Preintervention survey.
bPostintervention survey.
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Substance Use

Regarding the use of substances (Table 8), 26% (15/58) of
subjects that answered the first survey and 31% (18/58) that
answered the second reported consuming alcohoal at least once
aweek in the last 6 months.

Table 8. Substance use by subjects (n=58).

Lopez et a

Of 58 subjects, 24 (41%) in thefirst survey and 22 (38%) inthe
second survey claimed to have used a psychoactive substance
at least once. Themost common substances used were marijuana
(22/58, 38%), tobacco (19/58, 33%), and cocaine (5/58, 9%).

Questions posed by the surveys Survey 12 n Survey 2 n P value
During thelast 6 months, how often have you ingested drinks containing alcohol?
Less than once aweek 40 36 49
At |east once aweek 15 18
Have you ever tried any psychoactive substance?
Yes 24 22 .70
No 34 36
Which of thefollowing, if any, haveyou tried?
LSD
Yes 2 5 17
No 22 17
Ecstasy
Yes 0 0 N/A®
No 24 22
Cocaine
Yes 5 6 61
No 19 16
Marijuana
Yes 23 21 .95
No 1 1
Tobacco
Yes 19 19 .52
No 5 3
Poppers
Yes 4 5 60
No 20 17
Injectabledrugs
Yes 0 0 N/A
No 24 22

3Preintervention survey.
bPostintervention survey.
®Not applicable.

Satisfaction With the M obile Tool

Of the participants who answered the postintervention survey,
142 of them answered all four satisfaction questions included
inthe survey. Theseresultsare summarized in Table 9. Of these
subjects, 92.3% (131/142) of them considered having accessto
a mobile-based teleconsultation tool on sexual hedlth to be
important or very important. Of the respondents, 69.7% (99/142)
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of them considered the use of the app to be easy or very easy,
in contrast with the remaining 30.3% (43/142) that found the
app difficult or not so easy to use.

Regarding the subjects’ preferences on learning methods for
sexual and reproductive and health topics (degree of perceived
effectiveness with the different learning methods), 74.6%
(106/142) of the subjects considered that in-person
lessons/workshops in a classroom are ineffective and 50.7%
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(72/142) considered virtual lessons/workshopsto beineffective
as well. Of the participants, 54.9% (78/142) thought that a
mobile-based tel econsultation tool could be effective, and 54.2%
(77/142) had the same perception regarding face-to-face medical
consultations. The participants overall experiences with
DoctorChat Mobilewere reported as Excellent, 26.8% (38/142),

Table 9. Satisfaction survey results (n=142).

Lopez et a

Good, 50.0% (71/142), Fair, 15.5% (22/142), and Bad, 7.7%
(11/142).

Finally, participants were allowed to write free comments about
the app. The positive comments alluded to the clarity of the
responses, the response time, and the option to send queries
anonymously. On the other hand, the negative comments were
related to theinstallation process and the correct use of thetool.

Questions posed by the satisfaction survey n %
How important isit to you to have access to a mobile teleconsultation tool such as Doctor Chat M obile?
Very important 72 50.7
Important 59 415
Not important 11 7.7
How easy wasit for you to send queriesthrough your cell phone?
Very easy 43 30.3
Easy 56 39.4
Not very easy 3?2 225
Difficult 11 7.7

For each of the following four methods, indicate whether you consider it effective or not as a learning method on reproductive and sexual

health related topics:

1. In-person lessons/workshopsin a classroom

2. Virtual lessons/wor kshops

3. Teleconsultation using a mobile device

4. Face-to-face consultation with a health care professional

How would you qualify your overall experience with the use of Doctor Chat M obile?

Excellent
Good
Fair

Bad

Effective 36 25.4
Not effective 106 74.6
Effective 70 49.3
Not effective 72 50.7
Effective 78 54.9
Not effective 64 45.1
Effective 77 54.2
Not effective 65 45.8
38 26.8
71 50.0
22 155
11 7.7

Discussion

Principal Findings

This study provides results regarding not only the use of a
mobile teleconsultation serviceto provide sexual education and
information for young adults, but also about sexual risk
behaviors among university studentsin Colombia.

In terms of usage of the app, with a loss rate of 77.8% (58
subjectsto be analyzed out of 261) of the subjects and with 41%

http://mhealth.jmir.org/2014/3/e38/

(24/58) of subjects using the app only once, we can predict, as
we have reported in our previous studies, that this behavior
reflects the law of attrition described by Eysenbach in 2005
[25]. This law states that eHealth initiatives suffer from a
common problem that involves a loss of users over time. This
effect ismost likely due to a decrease in motivation of the user
after their curiosity toward the app has been satisfied by using
the app afew times.

When performing the consolidated comparative anaysis of
changesin sexual risk behaviors pre- and postintervention, most
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of the results were not statistically significant. However, this
study did not intend to change risk behaviors but rather to obtain
a descriptive dataset regarding risk behaviors. On this matter,
this study confirms that risk behaviors including heterosexual
and homosexual unprotected sex, sex with nonregular and
commercial partners, substance consumption, and lack of
knowledge regarding sexuality are still very frequent problems
among young adults regardless of their socioeconomic status

6].

On the other hand, analyzing the details of the effect of the use
of the mobile app on sexua behaviors, we noted some
interesting issues worth mentioning. It is clear that the use of
the tool did not influence sexual practice. Of the 50 subjects
who claimed to have had sexual intercourse 6 months prior to
the preintervention survey, 92% (46/50) maintained their sexual
activity during the postintervention period. Only men reported
having had sexual intercourse with commercial partners. It is
notable that these men did not answer how many times in the
past 30 days they had had sexual intercourse with their last
commercia partner in the first survey. However, in the second
survey, these men answered this question. Additionaly, it is
clear that men in this study had more nonregular partners than
did women, and this difference was statistically significant.

Likewise, there were no differences regarding sexual practices
among homosexua men or the use of condoms. However, there
was adifference of only 1 additional person who used acondom
with his regular partner between the pre- and postintervention
surveys. Moreover, 3 additional subjectsreported using condoms
with irregular partners in the second survey, and 2 additional
subjectsreported not using acondom with acommercial partner
in the second survey. There were no differences regarding the
use of condoms in heterosexual men, with a difference of only
1 additional person who reported having used a condom in the
past 6 months with a noncommercial or nonregular partner.

Interestingly, although all subjects had heard about sexually
transmitted diseases, 1 person had never heard about HIV/AIDS
before the intervention, but this status changed after the use of
DoctorChat Mobile. Likewise, 1 person learned that this
infection can be prevented with the proper use of condoms.
Furthermore, 2 to 3 people learned that HIV/AIDS can be
prevented with sexual abstinence, whereas another 3 people
learned that the risk of infection is minimal after sharing food
with aninfected person. In addition, 2 subjectslearned that they
can become infected after sharing a needle with someone who
is infected and at the end of the intervention al participants
knew thisfact. Similarly, 2 subjects|earned that an HIV-infected
person can appear healthy, and all subjects were aware of this
fact by the end of the intervention.

Paradoxically, 2 additional subjects, after the intervention, did
not think they could protect themselves from HIV by having 1
uninfected faithful sex partner, whereas previously they thought
they could. Additionally, doubt about the vertical transmission
of HIV persisted in the only person who reported doubt at the
beginning of the study. However, doubt did not persist in the
case of breastfeeding, as 1 to 3 people learned of the causal
relationship.
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Although the differences in knowledge and risk behaviors for
HIV/AIDS were subtle, they are nonetheless important,
considering that in 2011 approximately 2.5 million people
becameinfected and 1.7 million died from AIDS-rel ated causes
[26]. Other indicators, such as those concerning knowledge of
the symptoms of sexually transmitted infections, seemed to
improve with the intervention. Specifically, 10 people learned,
with the intervention, that malodorous discharge may be a
symptom of sexually transmitted infections, which represented
astatistically significant difference.

Comparison With Prior Work

More than 5 years ago, we reported the first experience since
the release of DoctorChat, a free-access service of virtual
medical orientation in Spanish [19,20]. From September 2006
to March 2007, 270 teleconsultations were received, mostly
from women (167/270, 61.9%) and users 18-29 years old
(146/270, 54.1%). The main topics of consultation were those
related to sexual and reproductive health [19]. Subsequently,
the 2-year follow-up of the experience was reported [20]. We
observed atendency similar to that of the first report—between
2007 and 2009, 1624 consultations were received from users,
mainly those 18-29 years old (861/1624, 53.02%). The main
topic of consultation remained sexual and reproductive health
(422/1624, 25.99%). We concluded, in both reports, that the
service could be an innovative way to improve community
access to hedth information, particularly sexua and
reproductive health. Observing the rapid increase in the spread
of mobile devices in Colombia and Latin America, we also
concluded that mobile-based interventions could positively
impact the delivery of health information. This encouraged us
to devel op DoctorChat Mobile, an app to support the service of
DoctorChat on mobile devices.

Studies like the one conducted by Formigos have shown that
"1in 6 patients consult the Internet before going to the doctor,
and 1 in 4 do so afterwards to contrast or complete the
information" [27]. On the other hand, the Health Information
National Trends Survey (HINTS) [28], aUS National Institutes
of Hedlth initiative, reported that the first source consulted by
patients when consulting specific information is the Internet,
despitethefact that the physician isthe most trustworthy source
of health information.

According to Kirby et a [29], educational strategies aimed at
sexual health have a positive impact on sexual risk behaviors
without negative effects. This positiveimpact is associated with
increased use of condoms and oral contraceptives, delay in the
onset of sexual life, and reduction in the frequency of sexual
activity. There are severa reasons why young people would
request guidance in sexual and reproductive health through a
mobiletel econsultation service. Thefirst could be age. Although
the computer cultureis not yet fully consolidated in Colombia,
itislikely that young people make the most use of the Internet
to address their health information needs compared with other
age groups. Second, in Colombiathe parentsor legal guardians
areresponsiblefor scheduling medical appointmentsfor minors
(defined as those less than 18 years of age). Hence, social
embarrassment and other limitations may restrict teens from
asking their parents or guardians or requesting a medical
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appointment to solve issues considered taboo, typically those
related to sexual and reproductive health. Moreover, and related
to the above statement, monetary issues could also be an
important factor—few teenagers can afford aprivate face-to-face
consultation. For the group over 18 years old with purchasing
power and access to the health care system (which represents
the minority), waiting times for aface-to-face consultation can
be extensive, and the admini strative process necessary to request
an appointment can be rather complex. Finally, another possible
explanation could be supported by the desire of the users to
evaluate the severity of their symptoms before scheduling a
face-to-face consultation.

Inthiscontext, wethink that it isworth insisting on the modeling
of strategies for sexual education and guidance aimed at young
peopl e through their most-used tools, including mobile devices.
Asinformation technol ogies ultimately become more accessible
to the least favored, these strategies could enhance patient
empowerment, improve macroeconomic indicators, and achieve
Millennium Development Goals such as improving maternal
health and combatting diseases such as HIV/AIDS [30].

Limitations

Regarding the recruitment process, the goa of reaching 261
individuals was not met and the analysis was limited to 58
people, thereby limiting the statistical power to detect changes
between both surveys. However, being a descriptive report, the
information can be of great interest asabaselinefor more robust
studies. The demographic characterization of the sample
population in this study, in particular the high socioeconomic
profile of the participants, can be considered as a limitation.
However, as reinforced by the results of this study and other
Colombian reports, this population still has sexual risk behaviors
and is susceptible to receive innovative sexual educational
strategies[3,6].

As for the survey, the original questionnaire was intended for
in-person interviews. When applying it online as a
self-evaluation tool without an interviewer, some questions
could lose their effectiveness. This is particularly evident in
those that refer to STD symptoms. The original survey asks
openly if theindividual can describe any symptoms of STDsin
women or men without giving them any evident options. Inthis
study we did not assess whether participants knew that aperson
could be infected without having symptoms.

Among other limitations of this study, we must mention that
the DoctorChat Mobile app works only on smartphones, versus
mobile phones with more basic features. This limitation may
have contributed to the low use of the mobile teleconsultation
service, given that it was necessary to exclude agreat percentage
of the subjects initially recruited to the study that didn’t meet
the technical criteria. Moreover, more than 80% of the 58
subjects that did use the service accessed the app 3 times, and
less than 20% of them accessed the service 4 or more times.
Unfortunately, the paradoxical situation of telemedicine suggests
that the population that is most likely to benefit from such
information technology services is the population that has the
least access to them [31]. However, this study proves that it is
still important to encourage the use of these new technologies
among peopl e that can have access to them, given that they are
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rising steeply in developing countries [14, 22], and given that
youngstersare very fond of them. In addition, it’s very important
to encourage and spread the use of simpler technologies that
have proven to be in some way effective, such as texting or
SMS, or in-person educational strategies[11-13].

Thus, it would be useful to repeat this study in other populations
that are more vulnerablein terms of age, educational level, and
socioeconomic status compared to this study’s subjects.
However, this task would involve a mobilization of resources
and a much greater budget than that available for our study.
Repeating this study in anew population could reveal interesting
results, especially considering that in Latin America, at least
30% of women aged 15 to 19 have had some type of sexual
experience. Additionally, in Colombia 33% of women under
the age of 18 and 70% under 20 have had a sexual experience,
with only 7% having used a contraceptive method [32].

Taking into account that obtaining an answer from the
DoctorChat Mobile service could take up to 48 hours, it may
be inferred that people may not be willing to wait that long for
basic information on sexual and reproductive health. However,
having accessto aprofessional medical staff giving personalized
answersto specific anonymous questions through maobile devices
was very well rated among the participants. In addition, most
of the positive comments on the app wererelated to the response
time.

Ethics

This study was conducted with previous approval from
Fundacion Santa Fe de Bogota and Universidad de los Andes
Ethics Committees. In addition, all subjectswere provided with
an informed consent document and a document containing all
terms and conditions of the service prior to their enrollment.
This consent was recorded online as the first step in the
registration process.

Conclusions

DoctorChat Maobile seemsto be an innovative and well-accepted
tool to provide personalized sexual health-related information
and education. This study revealed that sexual risk behaviors
are frequent among young Colombian adults of high
socioeconomic status. This finding confirms the importance of
promoting education strategies on thistopic and theimportance
of encouraging the empowerment of young patients with easy
access to reliable information, regardless of their origin.
However, it would be worthwhile to repeat this study in amore
vulnerable population than the one hereby included, such as
teenagers with low education levels and socioeconomic status.

DoctorChat Mobiledid not result in significant changesin sexual
and reproductive risk behaviors in the population studied.
Although the recruitment was satisfactory, the loss of subjects
was high, and the rate of the use of the service was low.
Nonetheless, user satisfaction with the tool was very
encouraging and confirmed that these kinds of strategies are
well-accepted among young adults, and can be considered as
innovative and effective tools to provide accurate and useful
health-related information to anew generation of well-informed
and empowered patients.
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Abstract

Background: Thereisadcritical need for weight management programsthat are effective, cost efficient, accessible, and acceptable
to adults from diverse ethnic and socioeconomic backgrounds. mHesalth (delivered via mobile phone and Internet) weight
management programs have potential to address this need. To maximize the success and cost-effectiveness of such an mHealth
approach it is vital to develop program content based on effective behavior change techniques, proven weight management
programs, and closely aligned with participants needs.

Objective: This study aims to develop an evidence-based mHealth weight management program (Horizon) using formative
research and a structured content development process.

Methods: The Horizon mHealth weight management program involved the modification of the group-based UK Weight Action
Program (WAP) for delivery via short message service (SMS) and the Internet. We used an iterative development process with
mixed methods entailing two phases: (1) expert input on evidence of effective programs and behavior change theory; and (2)
target population input viafocus group (n=20 participants), one-on-one phone interviews (n=5), and a quantitative online survey
(n=120).

Results: Expert review determined that core components of asuccessful program should include: (1) self-monitoring of behavior;
(2) prompting intention formation; (3) promoting specific goal setting; (4) providing feedback on performance; and (5) promoting
review of behavioral goals. Subsequent target group input confirmed that participants liked the concept of an mHealth weight
management program and expressed preferences for the program to be personalized, with immediate (prompt) and informative
text messages, practical and localized physical activity and dietary information, culturally appropriate language and messages,
offer social support (group activities or blogs) and weight tracking functions. Most target users expressed a preference for at least
onetext message per day. We present the prototype mHealth weight management program (Horizon) that alignswith thoseinputs.

Conclusions: The Horizon prototype described in this paper could be used as a basis for other mHealth weight management
programs. The next priority will be to further develop the program and conduct afull randomized controlled trial of effectiveness.

(JMIR Mhealth Uhealth 2014;2(3):€18) doi:10.2196/mheslth.2850
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Introduction

Thereisacritical need for weight management programs that
are effective, cost efficient, accessible, and acceptable to adults
from diverse ethnic and socioeconomic backgrounds. Global
rates of overweight and obesity have increased sharply in the
last decades, and over 750 million individuals worldwide are
estimated to be overweight and more than 300 million people
areobese[1]. Theglobal burden of disease attributableto excess
body weight in adults continuesto rise. | schaemic heart disease
and stroke collectively killed 12.9 million peoplein 2010 which
relates to one in four deaths worldwide, compared with onein
five in 1990. Moreover, compared to 1990, in 2010 twice as
many deaths globally were dueto diabetes[2]. Thedirect health
care costs are estimated to be about 2-7% of annual health care
budgets [3], but the true costs related to obesity are thought to
be significantly higher [4]. Obesity and overweight show large
and persistent social gradients and are more prevalent in
disadvantaged socioeconomic groupsin many Organisation for
Economic Co-operation and Development (OECD) countries

[5]. In New Zealand, the highest obesity rates (BMI>30 kg/m?)
are reported among Pecific |slanders (64%), Maori (42%), and
adults living in the most deprived areas (35-40%), compared
with the population average of 25-26% [6].

Weight loss has been shown to improve many obesity-related
illnesses and to reduce al-cause mortality [7]. However, the
menu of evidence-based weight loss interventions currently
available is limited. Pharmacotherapy has modest beneficial
effects, but these are often lost once the medication is stopped
[8]. Surgical interventions are more successful, but are
expensive, unsuitable for large-scale use, and restricted to the
morbidly obese [9]. Diet and/or physical activity interventions
have variable effects [10], and interventions in primary care
have reported mixed results [11]. More intensive behavioral
interventions generate small but sustainable weight loss, which
can engender clinically worthwhile long-term health benefits
[12]. However, such interventions are generaly limited to
research contexts, are costly, and not widely available. Similar
limitations apply to commercial weight loss programs such as
Weight Watchersand Jenny Craig. Whilethereis some evidence
showing that these programs are effective, they are generaly
very intense and costly. Also, there is uncertainty whether the
observed weight lossisclinically relevant and whether it would
be sustained long-term [13]. A study by Cobiac et a, on the
cost-effectiveness of Weight Watchers and the Lighten up to a
Healthy Lifestyle Program revealed that such behaviora
counseling interventions are not very cost-effective, and the
potential benefits for population health are small [14].

International weight management guidelines (eg, New Zealand
[15], United States[16], and Australia[17]) for overweight and
obese adults recommend programs using “three key
interventions in combination: changes to food/diet, increased
physical activity, and behaviora strategies’. The Weight Action
Programme (WA P) isaweight management program devel oped

http://www.jmir.org/2014/3/e18/
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in the United Kingdom (UK) consistent with this
multi-component, behavioral approach [18]. It entails a
comprehensive package of cognitive, behavioral, and
educational  interventions including dietary advice,
self-monitoring, exercise targets, and cue management, and is
delivered in a group-based format over eight weeks. WAP was
evaluated in two short-term pilots involving 162 overweight

adults (mean BMI 35 kg/m?) from multiethnic areas of high
deprivation in London. Average weight loss was 4.5 kg at
3-month follow-up [18]. Significant increases were also seen
in physical activity levels, and knowledge of healthy eating.

Whileface-to-face approaches such as WAP or Weight Watchers
areeffective[19,20], they arerelatively expensivetoimplement,
difficult to scale up, and do not suit those who work or live
some distance from venues. mHealth behavior change programs
(delivered viamabile phones and Internet) offer a practical and
potentially cost-effective solution to these barriers. There is
broad population penetration of mobile and wireless
technologies[21]. Globally, there were 6.8 billion mobile phone
subscriptions in 2013, with mobile devices now exceeding
traditional computers in unit sales [22]. In 2009, 89% of
households in New Zealand had access to a mobile phone and
in 2012, 80% had accessto the Internet. There are no significant
differences in Internet access across the country, gender, or
level of education, and there are few differences in age below
65 years (>90% internet accessin the age groups 15-34; around
90% in the age group 35-54; just below 80% in the age group
55-64; and around 60% in the age group 65-74) [23]. Previous
research in New Zealand demonstrated strong support for an
mHealth wei ght management intervention; with 75% of Maori
and 65% of non-Maori saying they would use a mobile
phone-based weight management intervention [24]. Inlinewith
thistrend, agrowing number of commercia programsincluding
Weight Watchers and Jenny Craig deliver online/mobile tools
as an alternative or extra support to their traditional programs.
However, these mobile components are mostly an integrative
part of the larger (traditional) programs and therefore still very
expensive and the potential benefits for population health are
small [14]. Also, it is unclear how effective these mobile
components would be on their own (eg, separate from the
traditional program components) and, as outlined in more detail
below, there is a general lack of comprehensive randomized
controlled trials on the effectiveness of these weight loss apps.

Theaim of this study wasto develop an evidence-based mHealth
weight management program appropriate for ethnicaly and
socioeconomically diverse target groups (Horizon), using a
structured content development process (involving the target
audience in the development stages) and formative research
[25].
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Methods

Development of the Horizon mHealth Weight

M anagement Program

The development of the Horizon mHealth weight management
program followed the steps of the mHealth framework (Figure
1) [25]. It involved the modification of the UK Weight Action
Programme (WAP) for delivery viashort message service (SMS)

Figure 1. mHealth framework [25].

irget population ir

focus pre-
n

Theoretical basis
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and the Internet. In this paper we report an iterative devel opment
process with mixed methods entailing the first two phases of
the framework: (1) conceptuaization using expert input on
evidence of effective programs and behavior change theory; (2)
formative research with target population input using focus
groups and an online survey. Incorporating the findings from
these phases, we present the prototype mHeath weight
management program (Horizon).

interviews

Implementation foous

Expert Input

The project team included membersfrom New Zealand (CNM,
RW, RM), the United Kingdom (KMS, HMR) and Australia
(KB, DC) with extensive expertisein nutrition, physical activity,
mHealth, and behavior change. Conceptualization included
review of existing WAP modules and key theoretical models
of behavior change, including the Theory of Planned Behaviour
[26] and the self-regulatory process action planning and coping
planning [27]. The review aso considered the outcomes of a
meta-regression analyzing 122 behavior change interventions
and classifying these interventions according to component and
theoretical-based techniques [28]. This phase produced
agreement on core components and functionality of the Horizon
program, including mode of delivery.

mHealth programs can be delivered via various channels
including texting, awebsite, and Smartphone apps. The expert
panel decided that SMS text messaging and an interactive
website would be the most appropriate mode of delivery for the
Horizon program. Thereisaready some evidence showing that
SM S text messaging and I nternet-delivered interventions have
positive effects on some health-related behaviors, including
physical activity [29,30] and weight-related behaviors [31].
Two recent systematic reviews support the use of texting [32]
and Internet [30] interventions for achieving behavior change.

http://www.jmir.org/2014/3/e18/
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Also, whilethe use of health-related smartphone apps has been
rapidly increasing over the last several years (ie, in the Uited
States, 674,000 free apps categorized in the “Healthcare and
Fitness’ category were downloaded via the Apple App Store
in September 2013 [33]), there are some important limitations
of these apps. A recent review conducted by our team
(unpublished data) assessed the concordance of weight loss apps
with the New Zealand clinical guidelines for weight
management [15] and revealed that of the 20 most popular
weight loss apps just 22% met the New Zealand guidelines
criteria. Few apps included important components such as a
comprehensive approach (including food, activity and behavior)
or emphasized “ permanent wei ght management change”. None
of the apps reported any testing or evaluation with consumers,
and no published research on the apps could be found. Other
studies found similar results by showing that weight loss apps
typically included only a minority of the behaviora strategies
found in evidence-based weight loss interventions [34]. Other
disadvantages of weight loss apps include the requirement for
ownership of a smartphone or tablet and the fact that they rely
on consumer initiative to use them. SM Stext messaging on the
other hand, is reactive, more direct and can be delivered in a
timely manner as initiated by the program not the consumer.
Also, SMStext messaging is available on every type of mobile
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phone and has great penetration into low socioeconomic
populations.

In addition to the SM S text messaging module, it was decided
that Horizon should include an interactive website and a hard
copy toolkit. Thewebsite wasimportant for additional effective
program componentsincluding self-monitoring of progressand
peer support. Likewise, since text messages only alow 120
characters, it was decided to develop a hard copy toolkit which
participants could refer to for more detailed information. These
three modules (eg, texting, website, and toolkit) were the basis
for target population input.

Target Population Input

Target population input was obtained by focus group and
one-on-one phone interviews which were used to develop the
initial content of the program modules (i, text messages, toolkit
and webpages) followed by an online survey to obtain in-depth
feedback on the proposed content.

Focus Group and Phone I nterviews

Threefocus groups were conducted in Auckland, New Zealand,
supplemented with five one-on-one phoneinterviews. Purposive
sampling methods were used to recruit participants via
advertisements in local newspapers and posters in community
venues. A local mailbox drop was also conducted. Phone
interview participants (n=5) were recruited via the assistance
of the Department of Pacific Health at the University of
Auckland. Inclusion criteriawere that people had to be aged 18
yearsor older, overweight (BM1>25), own amobile phone, and
want to lose weight. Participants needed to be able to provide
informed consent and to converse in English. All participants
received a gift voucher for their participation.

The focus group interviews were carried out according to
standardized procedures. All focus groups were audiorecorded
and conducted by a psychologist experienced in facilitating
focus groups and qualitative research methods. Prior to the
interviews, basic demographic information including ethnicity,
gender, and age was recorded. During the interviews, an effort
was made to involve all participants and they were encouraged
to express their opinions. The focus groups followed a
semi-structured format (allowing for unscripted ideasto surface
and for a reflexive discussion to take place) and lasted
approximately 60 minutes each. Their purpose was to gain
in-depth information on participants' past experiences of weight
management, and their perceptions around an mHealth weight
management program. Topics that were explored included:
mobile phone usage, positive and negative experiences of
previous weight management attempts, perceived acceptability
of the proposed mHealth program (barriers and benefits),
preferred style of messages, frequency of messages and feedback
on specific components of the program (eg, interest in being
able to text a question). After the three focus groups, a
preliminary analysis was carried out and results were fed back
to the study investigators. At this point it was decided that
further information was needed around family dynamics and
more Pacific Ilander input into the program development was
required. Questions on family shopping/cooking were added.
Five phone interviews were subsequently carried out with
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Pecific Islanders by the same interviewer. These were also
audiotaped and the same semi-structured interview technique
was used.

Following transcription, al data (focus groups and phone
interviews) were analyzed using a general inductive thematic
approach to identify common themes and meanings. NVivo9
software was used to manage the transcripts and facilitate the
analysis. Data were read and re-read as they were collected.
Each focus group and phone interview was coded separately.
Onceall datawere collected, categories and subcategorieswere
organized and refined. Subsequently, all categorieswere grouped
into themes and discussed with members of the research team.

Online Survey

The results of the focus group interviews were used to inform
the development of the initial content of the Horizon program
modules (eg, text messages, toolkit, and website). Subsequently,
a quantitative online survey was conducted to obtain in-depth
feedback on drafts of the module content and delivery format.
Particular emphasis was placed on aspects such as preferred
text message frequency, integration of socia support, and
response to different message styles and content. Participants
were recruited via similar methods used for the focus group
interviews supplemented with email networks and the aim was
toinclude n=150 participants. The survey was undertaken using
LIME software (open source survey application). Data were
analyzed and summarized using descriptive statistics and
findings were reported back to the expert group to refine
development of the prototype program.

Results

Expert Input

Review of existing WAP modules and key theoretical models
of behavior change determined that the core techniques for the
program should include: (1) self-monitoring of behavior; (2)
prompting intention formation; (3) promoting specific goal
setting; (4) providing feedback on performance; and (5)
promoting review of behavioral goals [28]. These techniques
wereintegrated in each of the modules of the program; the text
messages, the website and the hard copy toolkit. Moreover, it
was agreed that the small steps approach for weight management
should be an integral part of the program. Recent findings
suggest that it is more motivating for people to set small
short-term goals that they can successfully achieve (eg, eat one
piece of fruit per day), instead of failing large long-term goals
(lose 10 kg of weight in the next month). Also, small steps are
more likely to evolve into a sustainable healthy lifestyle (eg,
creating a habit) [35].

Target Population Input

Focus Group and Phone I nterviews

There were 20 participants (18 female; 2 male) in three focus
groups (5 to 8 participants per group), and 5 (2 female; 3 male)
participated in the phone interviews. Most (n=16) were New
Zealand European, two were Maori (indigenous), and all phone
interviewees were of Pecific Island ethnicity. The majority of
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focus group participants were aged between 35 and 64 years

Table 1. Focus group themes.

Waterlander et al

(n=17).

Theme # Focus group themes

Weight management is aroller coaster

A lifestyle change
Goal setting: set us up for success
Support uson al levels

Cultural considerations

~N o o0 B~ WO N R

Perceived benefits and barriers of mHealth

More than just energy-in/energy-out: psychological factors

During focus groups, seven themes emerged (Table 1). When
participants were asked to describe positive and negative
experiences they had when trying to manage their weight
(Theme 1), they were unable to clearly differentiate between
the two. For most, attempts to manage weight were described
asalways starting off positive and then ending negatively. Many
had tried severa different weight management programs (eg,
Weight Watchers, Jenny Craig, etc). These programs were
generally described as having unrealistic goals and being not
sustainable. Some felt these programs were boring, repetitive,
expensive, and involved eating processed tasteless food. For
some, having to go to meetings and get weighed in front of
otherswas described as embarrassing and degrading asthey felt
they were being judged. One participant described aworkplace
competition to lose weight that has been working well for her
as sheliked the nonconfrontational positive support shereceived
from her colleagues. Group support was a feature that was
predominantly found to bevaluable, at least in thefirst instance
whileit was still novel.

| can't afford it and | found Weight Watchers was
really successful for about a year and then it became
too boring and you just go to those meetings and you
listen to the same old stories, the same old people,
same people talk — it’s just nothing’s new, nothing,
it's not that motivating. And the other thing I’ vetried
is the Green Prescription, which is the reduced cost
one that you can get through your GP but the only
times you can do it are during work hours, that’s the
only time that the gym is available and things like
that soit's completely out of limits, off limitsto people
who work.

The majority of participants felt they knew and had repeatedly
heard educational information around weight management
(Theme 2). They discussed that despite knowing what they
“needtodo”, they still struggled to make changes and expressed
an awareness of there being more to weight management than
exercising and eating healthy. Words that came up throughout
discussions of weight management included guilt, shame,
embarrassment, emotional eating, feeling judged, secret eating,
and bingeing.

| would imagine that quite a few of us here, have um,
we're all overweight and we all know we are, and we
all know how to eat healthy and everything like that.

http://www.jmir.org/2014/3/e18/

I’m sure somewhere inside there’'s something that's
just not letting us mentally.

Therewas a strong desire among all participants for something
to be developed that could guide them as to how they make
sustainable lifestyle changes (Theme 3). They wanted a
long-term cost-effective solution for not only themselves, but
also for their families. Also, they would like practical tips on
exercise and useful recipesto cook at home.

I think it's best to have menus and food or dishesthat
onearetherun of themill kind of foods that we would
generally eat, whereas to make it so that the whole
family can eat those so that you're not having
separate things. | think when you have separate, first
of all it createsa culture within the family that you're
different and that you've got a problem and they
don’'t. And it also sets up um a kind of understanding
that in fact they can eat all the bad things and you
can’t, and so later on you' re probably causing weight
problems for your kids and peoplein your family.

Participants expressed feeling fed up due to not succeeding at
weight management programs (Theme4). The“ all-or-nothing”
strategiesthey had tried in the past | eft them feeling demordized
when they either failed to lose weight, hit aplateau, or regained
theweight they had lost. They expressed adesire for aprogram
that was realistic and would allow them to slip up once in a
while,

It's not a 100% stick to a diet, it's really got to be
75% and you can fall off the wagon. If you're going
to tell me I’ve got to be 100% then | think we're all
kidding ourselves.

When discussing goal setting, almost all participants expressed
apreference for lifestyle-based goals, with their level of effort
reflected in recognition of achievement of their goal. Participants
were predominantly against the sole use of weight-related goals,
but were open to having a small and realistic weight goal (for
example, %2 kg per week) alongside lifestyle-based goals. The
use of body massindex (BMI) asaway of prescribing behavior
change and measuring success was perceived negatively, as
often being daunting and unachievable, and not taking into
consideration their individual situation and level of fitness.

Family support for weight management was not something that
was desired, although participants could see the benefit of a
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family attempt (Theme 5). A few participants said that in the
past, their family members had sabotaged weight loss attempts
and that they preferred support from professionals and from
others going through similar experiences through an online
forum, group meetings, or a buddy system where they can text
each other. Additionally, the majority of participants did not
want to be involved in another program which would tell them
educational weight management information they already knew.
One described this as patronizing. Another participant stated:

So | don't want nutritional information. Other people
might disagree. | want thelittle person on my shoulder
telling me have a little bit more strength and
motivation. As you say, motivation or inspiration or
whatever itis.

In contrast, afew participants expressed that although they had
heard many of the educational health messagesbefore, it would
be beneficial to be reminded of them. There was also a desire
to have conflicting messages clarified by acredible professional .
They liked the concept of being able to text someone with
questionsregarding physical activity or healthy eating. However,
there was a strong preference for an immediate reply at the
moment they needed support. Professiona support was also
wanted in the form of someone tracking their progress on
meeting goals.

None of thefive Pacific Island participantsthat wereinterviewed
had engaged in any of the organized weight management
programs (Theme 6). Adapting lifestyle changes was seen as
something that needed to be done at the family level. In terms
of physical activities, one participant suggested that it would
be best to have a variety of options for people to choose from.
He made the suggestion that traditiona dance classes may appeal
to some people as they are fun and undertaken in a “safe”
environment. It was thought by one participant that an mHealth
program might be very suitable to Pacific |danders who may
not feel comfortable in a public weight loss support group.

http://www.jmir.org/2014/3/e18/
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Yeah | think as a um Pacific Islander they're not
really into, most Pacific Ilanders are pretty laid back
and they're not confrontational, they're not
comfortable sitting face to face with people and
having discussions. And this type of message will go
a lot easier, well it will be more acceptable to them
than sitting and talking with somebody face to face
because they'll feel shy and they'll say yes, yes, yes
and all thetime they don’t really want to do this type
of thing.

Two of the phone interview participants expressed an interest
in testimonial stories of people who have been through similar
ups and downs and are now successfully making lifestyle
changes.

Mobile phones are the technology that most people were
comfortable with and the majority of participants were very
positive and excited about the potential of an mHealth program
(Theme 7). Nonetheless, afew concerns about such an approach
wereraised, including technological limitations (eg, areaswith
poor network coverage), lack of tailoring, and potential reduced
accountability to a phone.

Online Survey

A total of 171 people accessed the online survey of which 120
(70.17%) consented and compl eted the questionnaire (Table 2).
Of these, 18 reported having normal weight and two reported
not owning a mobile phone. These were excluded from further
analysis. Of the 118 mobile phone owners, 41% owned a
smartphone.

Of all the participants, 13.7% (16/117) said that they would like
to receive program text messages less frequently than daily, the
remainder expressed preferencesfor once aday (44/117, 37.6%)
or more often (57/117, 48.7%). Almost all participants (115/119,
96.6%) said that they would reply to text messagesif asked.
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Table 2. Participant characteristics online survey (n=120).

Waterlander et al

Characteristics n (%)
Sex
Male 16 (13.3)
Female 104 (86.7)
Age
18-24 10(8.3)
25-34 27 (22.5)
35-44 36 (30.0)
45-54 28(23.3)
55-64 16 (13.3)
65+ 3(2.5)
Ethnicity
New Zealand European 34 (28.3)
Maori 53 (44.2)
Pacific Island 22(18.3)
Asian 5(4.2)
Other 6 (5.0)
Weight (self reported)
Normal 18 (15.0)
Overweight 102 (85.0)

Ten sample text messages were presented to the participants
with only one message receiving more than 12.5% (14/112)
negative feedback. For the message content, participants
reported that these should have a personal touch, give tips
straightaway (eg, not just a link to another source), use
trustworthy language (eg, no texting language/abbreviations)
and offer peer support. With regard to the toolkit (hard copy
folder with additional information), 13 potential information

Table 3. Responsesto proposed items in the toolkit (descending order).

items were proposed and for all items alarge majority (>86%)
of participants said that they would like to see information on
these items included (Table 3). The two most popular items
were “Snacks: cutting down, healthy options’ and “Healthy,
quick and easy recipes’. In addition, participants requested
information on reading nutrition labels, local optionsfor physical
activity, toolsto track progress, and information on the energy
content of foods.

Item

Should be included (yes) (n/n) %

Snacks: cutting down, healthy options

Healthy, quick, and easy recipes

How to cut down portion sizes and energy intake
Temptation and how to deal with it

How to cook and eat healthy when you don't have time
Exercise, physical activity, TV watching

Fat, sugar, carbs and protein: understanding the basics
My persona plan and goalsfor a healthy life
Breakfast: fuel yourself for the day

Drinks: more water and less sugar

Energy (calorie) content of common foods

5 pieces aday: eating more fruits and vegetables
Myth busting

(116/116) 100.0
(107/110) 97.3
(108/112) 96.4
(112/117) 95.7
(108/113) 95.6
(106/113) 93.8
(104/113) 92.0
(106/116) 91.4
(100/114) 87.7
(97/112) 86.6
(99/114) 86.8
(94/109) 86.2
(97/113) 85.8
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Horizon Prototype Development

The outcomes of the expert and consumer studies were used to
develop the Horizon prototype weight management program.
The Horizon prototype comprises three main modules: (1) text
messages, (2) toolkit; (3) website. These three modulesall link
together (eg, thetext messagesrefer to information in thetoolkit)
and are designed in line with the five core components (eg,

Waterlander et al

goals each week (such as“I will bring fruit to work and eat this
every day with morning tea’) and are tailored according to
whether the participant is the main household shopper/cook
and/or whether the participant has children. At the end of each
week, participants receive a monitoring text message asking
them to review how well they accomplished their goal and to
text a number from 1 (not successful at all) to 10 (very

successful). Thisinformation will be displayed graphically on
the Horizon website, showing the participants’ individual score
compared with the average score of the entire study population.
In asimilar way, participants will be asked to text in their step
count for graphical display onthewebsite (Figure 2). In addition
to these monitoring and motivational components, participants
will be provided with the opportunity to send their questions
using text messages to the study team which will be answered
within 24 hours.

self-monitoring of behavior; prompting intention formation;
promoting specific goa setting; providing feedback on
performance; and promoting review of behavioral goals[28]).

A library of 130 different text messages which focus on
motivation, goal setting, getting socia support, monitoring and
use of other study components (eg, toolkit and website) was
developed with the goal of sending participants an average of
two text messages per day (Table 4). The text messages are
designed to encourage participants to set new well-specified

Table 4. Text messagesin the Horizon prototype for the first week.

Text category/type? Example

Motivational/small steps Small stepsadd up to important changes. Thisis not a quick fix but devel oping new habits

to last a lifetime

Goal setting/reference to toolkit/ Motivational/monitoring
behavior

It isimportant to set small goals each week. The toolkit has suggestions. Pick one goal
to get started on this week, write it down and go for it!

Ral phb here, wearing your pedometer and recording your daily step count in your

Pedometer/monitoring behavior toolkit is a great way to track your progress, start today!

M otivational/monitoring behavior Hi (name), we are here to support you along the way. Each week we will ask about your

step count and goals, and you can track your progress online.

Cliona® here, writing down what you eat can help you understand your eating patterns.

Monitoring behavior Try it for the next 7 days to see where you can make changes

Referenceto toolkit/reference to website/monitoring behav-  Hi (name), thisis Cliona your nutrition coach. You may find the food diary and the weight
ior tracker in the toolkit to be useful tools.

Motivational/goal setting/small steps Have you reduced the sugar in your tea and coffee? It can taste funny at first but you will

soon get used toit. Try it now. Cliona

Getting support Hi (name), where can you get support? Making changesis easier with the help of others.

Seeif your friends or family will join in too.

Pedometer/monitoring behavior/reminder Hi thisis Ralph your activity coach. Have you been wearing your pedometer? | will text

you in 3 days for your daily step count.

Getting support/reference to the website If you arefinding it hard to get people to support your efforts, ask others on Horizon to

help via the horizon study weblog

Motivational/goals setting Hi (name), remind yourself daily why you are doing this by writing your reasons some-

where you can see them everyday.

Motivational/getting support/ referenceto the toolkit/refer-
ence to the website

Did you read about Jamie in the toolkit/online. He removed all snacks and sweets from
his house to help himin the early days.

Monitoring success Hi. Overall, how well do you think you did with your goal thisweek? Reply with a number

from 1 (not well at all) to 10 (brilliantly).

Motivational/reference to the toolkit Cliona again. If you are starting to get bored with your healthy meals, the toolkit has

recipe websites to inspire new ideas.

8The messages were sightly tail ored; we devel oped specific texts according to: (1) whether the participant was the main household grocery shopper/cook;
(2) whether participants had children or not.

b Horizon includes a physical activity coach (Ralph) and a nutrition coach (Cliona) who were incorporated in the program to give it a more personal
fedl.

Thetoolkit serves as a source of more detailed informationand food diary, step count diaries, weight records), recipes, and
contains eleven sections, including: goals and tips, personal  stories of successful weight loss. The toolkit focuses on ideas
plan (writing down weekly goals), monitoring resources (eg, for short-term goals and practical suggestions on how to reach
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these goals. The website serves as a further source of
information, and focuses on providing a blogging space to
enable participants to share their stories and experiences with
each other and the researchers, and providesagraphical display

Figure 2. Horizon website.
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e al
//
f

T T T T 1
Week Week Week Week Week Week Week Week
1 2 3 4 5 6 7 8

=—=Your step count =—=Group Average

Discussion

Principal Findings

The aim of this research was to develop an mHealth weight
management program based on behavior change techniques,
proven effective weight management programs, and closely
aligned with participants’ needs and preferences [25]. The
resulting Horizon prototype program involved modification of
the UK Weight Action Programme (WAP) for delivery viaSMS
text messaging and the Internet. Expert review of the evidence
of effective programs determined that core components of a
successful program should be: (1) self-monitoring of behavior;
(2) prompting intention formation; (3) promoting specific goal
setting; (4) providing feedback on performance; and (5)
promoting review of behavioral goals.

We started our development by applying the theory and
philosophy behind WAP, the specified necessary components,
and our experience in behavior change support viatechnology,
to delivery of a program via mobile phones and the internet.
Subsequent target group input confirmed that participantsliked
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of their self-monitoring of daily step counts and success in
reaching the weekly behavioral goals (Figure 2).

Following this study, the Horizon program will be further
refined and subsequently tested in afull randomized controlled
trial of the effectiveness of the final Horizon program.

Is 10,000 Steps The Gold Standard?
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the concept of an mHealth weight management program and
would like the program to have a personal touch, immediate
and informative text messages, practical and localized physical
activity and dietary information, culturally appropriate language,
social support (group activities or blogs), and weight tracking
functions. These individual constructs (eg, self-efficacy; goal
setting) and environmental characteristics (eg, localized
information; social support) have previously been identified as
crucia in developing effective physical activity [36] or dietary
interventions, and confirm the complexity of developing
successful behavior change programs [37].

Our study revealed that the majority of participants were very
positive and excited about the potential of an mHealth program.
The sample text messages (presented to the online panel)
received very positive feedback and the majority of participants
expressed preferences for at least one text message per day.
Moreover, 97% of participants indicated they would reply to a
text message if asked to do so. These results are promising and
show that mHealth could potentialy provide a practica and
cost-effective alternative to face-to-face approaches (eg, WAP
or Weight Watchers [19,33]) that are relatively expensive to
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run, difficult to scale up, and do not suit those who work or live
some distance from venues.

Strengths and Limitations

A limitation of our study was that the ethnic mix was not as
diverse asoriginally intended; thus we conducted an additional
five phone interviews with Pacific people. However, the online
survey was successful in recruiting an ethnically diverse sample.
Results showed that Horizon would appeal to different ethnic
groups, including Pacific Islanders who may not feel
comfortable in a public weight loss support group.

The strength of our structured iterative development process
[25] is that the program builds on effective programs and
behavior change techniques, ensures that the program is
engaging and useful to the target audience (by including target
audience input at early development stages and by evaluation
of prototypes), and then follows up with gold standard research
methods to determine the effectiveness of theintervention [25].
In publishing the findings of this development process and
formative research, we envisage that this information will be
useful to other devel opers and researchers, and that our process
is replicable in significantly different target populations and
adaptable across multiple platforms and technol ogies. However,
an important limitation of this devel opment processisthetime
required. In this case, the formative research and prototype
development took six months. A randomized controlled trial of
effectiveness would add at least another 2 years to the total
timeframe. Technology continues to evolve at arapid pace and
the way people use technology continues to change over time
[25]. By the time evidence on the effectiveness of Horizon is
obtained, the technology and mode of delivery might be
outdated. While existing smartphone apps are likely to have
been devel oped more rapidly, our research-based user-informed
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development process aims to deliver a more proven and
acceptable intervention. A second potential issue comes from
building on insights from behavior change theories devel oped
for other less immediate and on-going, less proactive and less
dynamic media. Whether these theories hold with innovative
technol ogical advancesin mHealth isyet to be determined [38].
The success of using a new technology is likely to depend on
its ease of use, engagement, and level of appeal to different
consumer groups. Therefore, it seemsrelevant to consider other
models, such as research and development processes used by
successful consumer technology product companies.

The mHealth components used in the Horizon prototype (eg,
text messages and an interactive website) are technol ogies that
most people feel comfortable with and have widespread access
to. However, aswe progress our development, we will consider
also modification for a smartphone app to allow participantsto
opt for the technology that suits them. The Horizon prototype
can as such be viewed as a basis for other mHealth weight
management programs and can be updated in accordance with
the newest technological innovations as required.

Conclusions

mHealth weight management programs have the potentia to
assist in weight loss; however, well-designed high-quality pilot
and subsequent scaled up RCTs eval uating thelong-term benefit
and cost-effectiveness of interventions employing mobile
technology are needed. This paper describes an iterative
devel opment processto create afeasible and acceptable mHealth
weight management program. The presented prototype (Horizon)
can be used as a basis for future mHealth weight management
programs and we envisage that this information is useful to
other devel opers and researchers.
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Abstract

Background: Front-of-pack nutrition labeling (FoPL) schemes can help consumers understand the nutritional content of foods
and may aid healthier food choices. However, most packaged foods in Australia carry no easily interpretable FoPL, and no
standard FOPL system has yet been mandated. About two thirds of Australians now own a smartphone.

Objective: We sought to devel op amobile phone app that would provide consumers with easy-to-understand nutrition information
and support the selection of healthier choices when shopping for food.

Methods: An existing branded food database including 17,000 Australian packaged foods underpinned the project. An iterative
process of development, review, and testing was undertaken to define a user interface that could deliver nutritional information.
A parallel process identified the best approach to rank foods based on nutritional content, so that healthier alternative products
could be recommended.

Results. Barcode scanning technology was identified as the optimal mechanism for interaction of the mobile phone with the
food database. Traffic light labels were chosen as the preferred format for presenting nutritional information, and the Food
Standards Australia New Zealand nutrient profiling method as the best strategy for identifying healthier products. The resulting
FoodSwitch mobile phone app was launched in Australia in January 2012 and was downloaded by about 400,000 users in the
first 18 months. FoodSwitch has maintained a 4-plus star rating, and more than 2000 users have provided feedback about the
functionality. Nutritional information for more than 30,000 additional products has been obtained from users through a
crowdsourcing function integrated within the app.

Conclusions: FoodSwitch has empowered Australian consumers seeking to make better food choices. In parallel, the huge
volume of crowdsourced data has provided a novel means for low-cost, real-time tracking of the nutritional composition of
Australian foods. There appears to be significant opportunity for this approach in many other countries.

(JMIR mHealth uHealth 2014;2(3):€37) doi:10.2196/mhealth.3230
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Introduction

Growing rates of overweight and obesity around the world, in
conjunction with arisein nutrition-related diseases[1,2], mean
that thefood industry has an increasingly important roleto play
in public health. In high-income countries, the majority of food
eaten is processed or pre-prepared by the food manufacturing,
food retail, and catering industries [3]. These industries and
their associated distribution networks have enabled a constant
supply of affordablefood in much of the world with consequent
aleviation of many nutritional deficiency disorders [4].
However, a large proportion of the world's population is now
exposed to foods that are excessively energy dense and highin
saturated fat, sugar, and salt [5,6]. Higher intakes of energy,
saturated fat, added sugars and salt, such asthat provided by a
typical Western-style diet through a higher intake of processed
food products, are risk factors for chronic disease, particularly
cardiovascular disease, type 2 diabetes, and obesity [7-9].

It is difficult for consumers to make healthy food choices
because the nutritional information available on packaging is
not easily interpretable [10]. While packaged food in Australia
isrequired to display anutrient declaration [11], the format of
the information provided can make it difficult for consumers
to use thisto make a quick and easy assessment of how healthy
a product is [12]. It has been suggested that interpretive
front-of-pack nutrition labeling systems have the potentia to
help consumers choose products on the basis of healthiness both
by enabling an understanding of the nutrient data and allowing
direct comparison across products [12]. There is widespread
support from public health organizations for front-of-pack
nutrition labels that provide “at a glance” information that
consumerscan act on [13]. Thisisbased on evidenceindicating
that front-of-pack labels (FOPL) are much better understood
than the nutrient declaration, particularly among disadvantaged
groups who have the most to gain from making better decisions
about the foods they buy [12]. There is, however, currently no
requirement for FOPL in Australia. Australian industry has
implemented “daily intake guides’ [14] on some products, but
market penetration islimited and the absence of any interpretive
element is likely amajor weakness [10]. It has been suggested
that multicolored traffic light label s could be a better option for
informing Australian consumers [10]. The Austraian
government isalso currently exploring the use of a“ star” system
to rate products in terms of healthiness. However, this has not
yet been implemented and industry is resisting the work
program.

Mobile phone technologies offer an innovative way for
consumersto access all manner of information. Mobile phones
have become widely available in Australia over the last few
years with more than 65% of Australians aged 15-65 years (8.6
million people) now owning some form of smartphone. Thisis
ahigher proportion of the population than in the United States
and Britain [15]. In Australia, 90% of al smartphones use either
an iOS or Android operating system, and 76% of Australian
smartphone owners currently use their phones to get
recommendations for health and other lifestyle-related factors
[16]. A number of mobile phone apps have used the traffic light

http://mhealth.jmir.org/2014/3/e37/
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signposting system, but most have required the user to manually
enter nutritional information about the product.

In the absence of standardized FOPL on Australian foods, and
with processed foods largely responsible for excessive intakes
of saturated fat, energy, added sugars, and sodium in the diet,
we sought to develop a mobile phone app that would provide
Australian consumers with access to easy-to-understand
nutritional information about packaged and processed foods.
To this end, we began a program of research and devel opment
to define how to use evolving mobile phone technology to
deliver Australian consumerswith better information about the
packaged foods they eat. We intended that this project would
ultimately improve the healthiness of the food choices made by
Australian consumers and therefore enhance the health of the
Australian popul ation.

Methods

Objective

This project was planned and executed as a collaboration
between researchers based at The George Institute for Global
Health, devel opersfrom Xyris Software Pty Ltd, and the health
communications team at Bupa Australia. The objective wasto
deploy a mobile phone app that would allow users to access
quick and easy-to-understand information about the nutritional
characteristics of packaged foods and, where possible, would
suggest healthier alternative products.

I dentification of Required Nutritional Information

Packaged foods in Australiaare required to display a Nutrition
Information Panel (NIP) that includes information about seven
key nutrients. Theinformationinthe NIPisknown to be mostly
accurate [17], and these label data were identified as the most
likely source of comprehensive nutritional information to
support the proposed mobile phone app. It was recognized,
however, that food composition tables that collate this
information at the level of the stock keeping unit (SKU) are
scarce, and those that do exist are owned by commercial entities
and can be expensive to access. In addition, we noted that a
food categorization system that could divide food into
comparable subsets of products would be required. A search
was done using the Internet and by inquiry among colleagues
to identify possible data sources. We also noted that the
universal product code (UPC) (barcode) values for each SKU
would be required for the delivery of an app based on barcode
scanning, and thus the search was broadened to also capture
databases of Australian UPCs.

Selection of Display Format for Nutritional
Information

There are a broad range of different formats that have been
proposed for FoPL systems [12], and these were identified
through a review of the literature. A series of criteria were
developed to support the format that would be selected for the
app based primarily on (1) the quality of the supportive
evidence, (2) thelikely acceptance of the format by consumers,
(3) current FoPL practicesaround theworld, and (4) congruence
with local Australian standards and recommendations.
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Method of Product Comparison and | dentification of
Healthier Products

This project sought both to provide easily understandable
nutritional information and to support consumersin their efforts
to make healthier food choices. To better deliver on the second
of these objectives, it was determined that it might be necessary
to compare products against one another and devel op amethod
of suggesting alternative products that were likely to be
healthier. Fundamental to this requirement was a mechanism
for ranking foods on the basis of their healthiness, and areview
was undertaken to identify the different methodsto achievethis.
Once again, a series of criteriawere considered in making the
choice and these were based primarily on (1) the quality of the
supportive evidence, (2) the likely acceptance of the method by
the nutrition community, (3) current methods being used around
the world, and (4) congruence with local Australian standards
and recommendations.

Choice of the Technological Solution

The project was launched with the goal of developing amobile
phone app. While we recognized early on that aspects of the
solution might subsequently be deployed on other platforms,
the focus of the work program was on the development of a
mobile phone app for Australia The key considerations in
developing the technological solution were the method of user
interaction with the mobile phone app and the platformsthe app
would be developed for. In regard to the user interaction,
decisionswereinformed primarily by reviewing the functionality
of other maobile phone apps—thisreview covered appsavailable
in the broader retail space as well as those addressing specific
health and nutrition issues. We chose the platforms the
application should be devel oped for based on an analysis of the

Figure 1. Splashscreen for FoodSwitch.

Bupa POWERED BY
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current and projected market penetration of the iOS, Android,
Windows, and BlackBerry, in Australia.

The M obile Phone App Development Process

Development of the mobile phone app was led by individuals
who are expert in research and public health, ensuring that the
solution was underpinned by strong science and retained a
primary public good objective. Thefindings of the reviews done
during the development process were, however, reviewed by
all participating groups (research, public health, devel oper, and
health insurer) to ensure that decisionswereinformed by abroad
range of perspectives. The development process was broken
down into key components (eg, user interface, supporting data
systems, and nutritional algorithms) that were formulated in
parallel by working groups that were expert in the respective
area. Weekly meetings were held to review progress and
iteratively refine each component of the work. An initial test
version of the mobile phone app was built and deployed for
user acceptability testing by a limited group of individuals
associ ated with the devel opment team. Once feedback had been
incorporated, a subsequent iteration of the app was deployed to
abroader group of external stakeholdersfor further evaluation.
Ultimately a launch version was completed and placed in the
public domain.

Results

The development process commenced in August 2011, and the
initial iOS version of FoodSwitch was deployed in January 2012
(Figure 1). This was followed by a launch on the Android
platformin March 2012 with subsequent upgrades madeto both
platforms.
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Food Composition Database and Product
Categorization

A branded food composition database compiled by The George
Institute for Global Health and updated on an annual basis was
identified asthe source of nutritional information that was most
complete and readily accessible for the FoodSwitch project.
The 2012 database was compiled from in-store surveys done
by George Ingtitute staff at large stores in Sydney, Australia:
ALDI, Coles, Independent Grocers of Austrdia, and
Woolworths. During the surveys, the nutritional information
provided on the NIPwastranscribed into the database. A random
selection of 5% of recordswas verified against the original NIP
(by viewing product photoswithin the online database system).
The 2012 dataset held records for about 17,000 SKUs and
included nutrient information on energy, protein, total fat,
saturated fat, carbohydrate, sugar, fiber, sodium, and calcium.
The database also contained information on the UPC for each
item. Each SKU in thisdatabase is assigned to one of about 700
different food categories, and this categorization system was
adopted as the standard for FoodSwitch.

Table 1. Food labeling.

Dunford et d

Display Based on Traffic Light Labels

The review of possible display formats identified multiple
colored traffic light labels as the preferred format. Using this
approach, foods are signposted with respect to each of total fat,
saturated fat, sugar, and salt using ahigh (red), medium (amber),
or low (green) indicator in conjunction with afifth circle without
color containing information about energy density. The decision
to select this approach was driven primarily by the report on
the Australiaand New Zealand Review of Food Labelling Law
and Policy, “Labelling Logic”, which recommended that this
system be adopted in Australia (Recommendation 51). The
decision was further supported by the ready availability of
detailed technical specifications provided by the UK Food
Standards Agency in their 2007 document “ Traffic light signpost
labelling, Technical Guidance, Issue 2" [18]. This guidance
details the method for front-of-pack traffic light signpost
labeling including the thresholds for total fat, saturated fat,
sugars, and salt at which red, amber, and green traffic light
colors are applied for foods and beverages (Tables 1 and 2)
[18].

Green (low) Amber (medium) Red (high)
Total fat <3.00/100 g >3.0t0<20.0g/100 g >20.0g/100 g >21.0 g/portion
Saturated fat <1.5¢/100 g >1.5t0<5.00/100¢g >5.0 g/100 g >6.0 g/portion
Sugars <5.00/100 g >5.0t0<12.59/100 g >125¢9/100g >15.0 g/portion
Salt <0.30 g/100 g >0.30t0<1.50 ¢g/100 g >1.50 g/100 g >2.40 g/portion
Table 2. Labeling for drinks.
Green (low) Amber (medium) Red (high)

Total fat <1.5g/100 ml >1.51t0<10.0 g/100 ml| >10.0 g/100 ml
Saturated fat <0.75 g/100 ml >0.75 t0 <2.5 g/100 ml >2.5g/100 ml
Sugars <2.5¢/100 ml >2.5t0<6.3 g/100 ml >6.3 g/100 ml
Salt <0.30 g/100 ml >0.30 to <1.509/100 ml >1.50 g/100 ml

Ranking by Nutrient Profile Score

The method selected to enable the comparison of food products
was the nutrient profiling system (Nutrient Profiling Scoring
Calculator - NPSC) developed by Food Standards Australia
New Zealand (Textbox 1) [19]. This is an across-the-board
scoring system where “baseling” points are allocated for
increased amounts of energy, saturated fat, sodium, and total
sugars[19]. These baseline points are then offset by “ modifying”
points allocated for the increasing percentage of the product
that is fvnl (fruit/vegetables/nuts/legumes) and the amount of

http://mhealth.jmir.org/2014/3/e37/

fiber, and for selected food categories, also protein and calcium.
Foods are scored within three separate categories—edible oils,
spreads, and certain cheeses; other foods; and beverages—with
lower valuesindicating healthier products. Some scoring criteria
(such as fiber and calcium) are not required on the standard
Australian nutrient declaration and were therefore not
completely availablein thefood composition database, requiring
imputation of proxy values for some products (Table 3). All
foods in the database were assigned a nutrient profile score
using this system (Textbox 1).
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Textbox 1. Nutrient profiling method.

Step 1: Determine the NPSC category of the food.

o 1. beverages

o 2 alfood notin category 3

« 3 cheese and processed cheese >320 mg calcium/100 g, edible oil, edible oil spread, margarine, and butter

Step 2: Calculate baseline points.
e  0-10for energy

o 0-30for saturated fat

e 0-10for sugars

o 0-30for sodium

. caculatetota basdlinepoints=X + X + X + X

Step 3: Calculate modifying points.
Fruit and vegetable (V points) (0, 1,2, 5, or 8)

Formula used: (% non-concentrated fvnl) + (2 x % concentrated fruit or vegetables) + (% non-concentrated fvnl) + (2 x % concentrated fruit or
vegetables) + (% non fvnl ingredient) X 100/1

Protein points (P points)
«  Cdculate protein points (1-5)

Fiber points (F points)
«  Cdculate fiber points (1-2)

Step 4: Calculate the final score.
Final score = Baseline points — (V points) — (P points) — (F points)

Table 3. Dataavailability and imputation for nutrient profile scoring.

Nutrient Availability

Energy Complete

Protein Complete

Total sugar Complete

Saturated fat Complete

Sodium Complete

Dietary fiber Partial data were available: productsin afood category known not to contain fiber (eg, eggs) were

assigned afiber score of 0; products with data available were assigned an individua fiber score; and
products with no data but in a category of foods known to contain fiber were assigned an imputed
value. The imputed value was the average for all productsin the category with data.

Calcium Partial datawere available for cheese and processed cheese categories, which require acalcium value
for the cal culation of the nutrient profile score: products with dataavailable were assigned an individ-
ual calcium score, and products with missing data were assigned an imputed value. The imputed
value was the average for al products in the category with data.

Percentage content of fruit, vegetables, nuts,  No data were available: productsin food categories known not to contain appreciable amounts of
and legumes (%F& V) fruit and vegetables (eg, dairy milk) were assigned a%F& V score of 0; and productsin food categories
known to contain fruit and vegetables were assigned imputed %F&V scores.

. . . . the iOS and Android platforms. Initial development was done
Selection of theT(_aChnc?IOg'Cd Solution and Mobile in i0S with subsequent transfer of the app to the Android
Phone App Functionality environment. The transfer to Android involved moderate
In Australia, the iOS and Android platforms comprise more  re-working of the user interface to achieve the best possible
than 90% of smartphonesin circulation with only small numbers  integration of the app into the Android environment.

of users with Windows or BlackBerry platforms. The decision

was therefore made to develop the mobile phone app only for

http://mhealth.jmir.org/2014/3/e37/ JMIR mHealth uHealth 2014 | vol. 2 | iss. 3| €37 | p.75
(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH

The over-riding design philosophy for the functionality of the
app wassimplicity of useand clarity of messaging. Accordingly,
the primary operation of the app requires only that usersturn it
on and hold the mobile phone camera over the barcode of the
product that they want information on (Figure 2). This action
results in the automatic acquisition of the UPC, the immediate
display of traffic light labels for the selected product, and the
concurrent listing of similar alternative products with a more
favorable nutrient profile (Figure 3). For some product
categories where similar healthier alternative products are not
recommended (such as sugar-sweetened soft drinks), astandard
message provides high level advice about how to make a
healthier choice (“Sugar-free drinks and water are healthier
choices’ in the case of sugar-sweetened soft drinks). Users are

Figure 2. Scan function in FoodSwitch.

Dunford et d

also able to compile lists, see the results of recent scans, and
share their observations using social media. Multimedia
Appendix 1 outlines the overall FoodSwitch process.

A particular innovation in the app was the incorporation of a
crowdsourcing function whereby users are able to contribute
information on missing products. If a barcode is scanned but
the corresponding UPC is not identified in the database, then
the user is asked to photograph the front of the package, the
NIP, and the ingredients list (Figure 4). The data are then
forwarded to the data management center, and the information
is added to the database. Periodic updates to the database are
then made to ensure that the app is supported by complete and
contemporary product information.
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Figure 3. Switch function in FoodSwitch.

Dunford et d

Selected product

<01g || <02g | 31.5g
Per 100y ) \ per100g | | Peci00g

Healthier alternatives

‘Brand B’ Rasberry Jam

i

‘Brand A’ Strawberry Jam

‘Brand C’ Strawberry Jam Spread

‘Brand D’ Strawberry Jam Spread

Figure 4. Crowdsourcing function in FoodSwitch.

Help us out

This product was not found
Please help us by taking 3 photos:
1. Product front of package

2. Nutrition panel
3. Ingredient List

Cancel

Downloads, User Feedback, and Post-L aunch
Development

In the approximate 2-year interval between the launch of the
FoodSwitch app in January 2012 and the preparation of this
paper, FoodSwitch has been downloaded by more than 400,000
users. Some 2000 have provided comments, mostly positive,
and the app has retained a 4+ score in the iTunes store since
launch. In addition to updating the underlying food composition
database, there have been two major upgrades that have added
new functionality—SaltSwitch, targeted at individuals seeking

http://mhealth.jmir.org/2014/3/e37/

RenderX

Help us

to lower their dietary salt intake, which recommends healthier
alternative products primarily on the basis of the sodium level,
and GlutenSwitch, targeted at people with celiac disease and
those wanting recommendations for gluten-free foods. Both
developments were based on user feedback and a series of
further upgrades that will address health problems such as
diabetes and dyslipidemia are under development. The
crowdsourcing tool within FoodSwitch has enabled substantial
expansion of the underlying database from an initial 17,000
SKUsto over 50,000. More than 26,000 photographs, equating
to 6000 additional SKUs, were received in the first 48 hours
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after launch, and 2 years later more than 200 photographs of
new SKUs are still sent in by FoodSwitch users every day.
Whiletheinitial photographs were mostly of products missing
from the launch database, the photographs now received are of
new items released into the market.

Discussion

Principal Results

The success of FoodSwitch with Australian consumersislikely
a direct reflection of the enormous community interest in the
foods they eat and the great difficulty they have in obtaining
easy-to-understand nutritional information. The FoodSwitch
experience provides strong support for the introduction of a
standardized, interpretive front-of-pack food labeling system
for all foods marketed in Australia. Last year, the Australian
government indicated that it will launch a “star”-based FoPL
system that will be mandated if widespread voluntary uptake
by industry is not forthcoming. While data to define the impact
of the proposed star-based system are sparse, the application of
asingle FoPL system across al foodsis an important first step
in providing consumers with the information they require to
make healthier food choices. Plansarein placeto provide users
of FoodSwitch with the option to select the new star-based
labeling system as the display mode, as soon as the criteria
underpinning the system are finalized. Funds have also been
received to conduct large-scale randomized trials using the
FoodSwitch technology that will, for the first time, objectively
define the impact of different labeling systems on real world
food purchases.

The implementation of FoodSwitch in Australia was initially
done with the objective of providing consumerswith atool that
would enable them to make better food choices, both by
providing nutritional information in an at-aglance,
easy-to-understand format and by suggesting healthier
alternative products within the same category. The app has been
successful in thisregard with alarge number of downloads and
a significant number of regular users. However, amost all of
the Australian population consumes a diet that is suboptimal in
nutritional content, and even if every individua who
downloaded FoodSwitch maderadical changesto their diet, the
net effect on population health would be only small. Whilethis
does not mean that FoodSwitch iswithout direct value to some
users, the direct benefits are likely to be restricted to the
households of arelatively few motivated individuals.

Fortunately, individual behavior change is not the only means
by which FoodSwitch might have public health impact. Indeed,
thereal value of FoodSwitchislikely to bein the datacollected
through crowdsourcing and aconsegquent new capacity to define
and track the nutritional composition of the food supply over
time. These datawill makeit possibleto hold the food industry
to account, as a group and at an individual company level, for
the nutritional quality of the products they sell. It will also be
possible to objectively evaluate the extent to which the food
industry and government deliver on commitments to improve
the quality of the food supply through initiatives such as the
Food and Health Dialogue. Another postul ated effect of FoPL
isthat it will drive reformulation of products towards healthier

http://mhealth.jmir.org/2014/3/e37/
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formulations; for example, manufacturers might reduce the
levels of adverse nutrients such that the product displays an
amber instead of ared, or a green instead of an amber traffic
light. It will be possible to directly test this hypothesis using
the data collected by FoodSwitch in the coming years.

For the first few years of operation, compilation of the branded
food composition database that FoodSwitch was based on a
highly labor-intensive exercise that incurred significant costs,
while achieving only partial coverage of the Australian
processed food supply. By crowdsourcing data collection
through FoodSwitch itself, the data collection costs have been
optimized, the database is much more comprehensive, and new
products are added soon after they appear on the supermarket
shelves rather than during an annual round of data collection.
With streamlined data management systemsin place, and plans
to develop optical character recognition for data entry and
automated algorithmic categorization of foods, it should be
possibleto further reduce costs and enhance data processing. It
is also hoped that this will provide for scalability and offer a
practical means of delivering on the ambitions of organizations
like the Global Food Monitoring Group [20] and INFORMAS
[21], who seek to track the food supply in multiple countries
around the world.

FoodSwitch was initially launched in Australia but is now also
available in New Zealand and the UK, with well-devel oped
plans for release in multiple other countries in the
short-to-medium term. Each country requires its own database
for the operation of FoodSwitch because UPC codes, product
ranges, and the nutritional content of even apparently identical
products vary from one jurisdiction to another. In practice, this
meansthat thelaunch of FoodSwitch requiresaccessto aninitial
“priming” branded food composition database for that country,
which can then be made complete by post-launch
crowdsourcing. The priming dataset needs to ensure an initial
rate of successful scans that is sufficiently high to persuade
early adopters of the value of submitting photographs of missing
items. Just how high that successful scan rate must be is
uncertain, although it is clear that the approximate 70% success
rate achieved at launch in Australia was more than adequate.
The potential for crowdsourcing data collection of the initial
priming dataset is also under investigation through the
engagement of special interest groups willing to submit
photographs of items with the promise of a future launch of
FoodSwitch in their country.

Limitations

Even with mandated nutrient declarations on processed foods
inAustraia, accessto thefull datarequired for nutrient profiling
was a challenge for the FoodSwitch project, with incomplete
information available for calcium, fiber, and the fruit and
vegetable content for many products. In each case, the missing
values were imputed to enable a score to be calculated for each
product. In several cases, thisresulted in the same average value
being applied to multiple products, which may have reduced
the capacity to discriminate between the healthiness of the
products within a given category. In particular, this resulted in
little capacity for the fruit and vegetable content of a product
toinfluence the ranking of products because the same scorewas
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applied to many products. Futureiterations of FoodSwitchmay Conclusions

make recommendations for healthier alternatives outside of FoodSwitch has greatly exceeded our expectationsboth in regard
category, inwhich case thislimitation will bereduced. ASwith 4 b mbers of downloads and the crowdsourcing of data. Based
many databases of this scale, despiterigorous quality assurance o, s guccess and the clear potential for scalability, there are
being undertaken regularly on the data, errors may exist, &ither 5 garjes of further upgrades planned and we hope to launch the
in data entry itself, or in the values displayed by the oo, \ith partners in multiple developed and developing
manufacturer on product labels. Within FoodSwitch, usersare o tries around theworld. The proposed model isonewhereby
ableto send feedback on data errorsdirectly to_the Food_SNl tch  thelocal partner organization takes leadership of the project in
team <o that the next database update can include fixes 10 peir country with the Australia-based team providing technical
existing data. Another limitation is that nutrient values per support and advice about how to achieve launch and the
serving of product are not displayed within FOOUSWItCh. ey jirements for post-launch support. We hope that local
However, thereare plansfor futureversionsof theappto display  partnerswill also takethe lead in using the datathat derive from
thisinformation. the project to advocate for in-country improvementsin the food
supply, as well as contributing to the wider global effort to
control the harms caused by the consumption of unhealthy
processed foods.
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Abstract

Background: In order to take medications safely and effectively, individuals need to be able to see, read, and understand the
medication labels. However, one-half of medication labels are currently misunderstood, often because of low literacy, low vision,
and cognitive impairment. We sought to design a mobile tool termed ClereMed that could rapidly screen for adults who have
difficulty reading or understanding their medication labels.

Objective: The aim of this study was to build the ClereMed prototype; to determine the usability of the prototype with adults
55 and over; to assessits accuracy for identifying adults with low-functional reading ability, poor ability on areal-life pill-sorting
task, and low cognition; and to assess the acceptability of a touchscreen device with older adults with age-related changes to
vision and cognition.

Methods: This pilot study enrolled adults (=55 years) who were recruited through pharmacies, retirement residences, and a
low-vision optometry clinic. ClereMed isahypertext markup language (HTML)-5 prototype app that simul ates medication taking
using aniPad, and also providesinformation on how to improve the accessibility of prescription labels. A paper-based questionnaire
included questions on participant demographics, computer literacy, and the Systems Usability Scale (SUS). Cognition was assessed
using the Montreal Cognitive Assessment tool, and functional reading ability was measured using the MNRead Acuity Chart.
Simulation results were compared with a real-life, medication-taking exercise using prescription vias, tablets, and pillboxes.

Results. The 47 participants had a mean age of 76 (SD 11) years and 60% (28/47) werefemale. Of the participants, 32% (15/47)
did not own a computer or touchscreen device. The mean SUS score was 76/100. ClereMed correctly identified 72% (5/7) of
participants with functional reading difficulty, and 63% (5/8) who failed a real-life pill-sorting task, but only 21% (6/28) of
participants with cognitive impairment. Participants who owned a computer or touchscreen completed ClereMed in amean time
of 26 (SD 16) seconds, compared with 52 (SD 34) seconds for those who do not own adevice (P<.001). Those who had difficulty,
struggled with screen glare, button activation, and the “drag and drop” function.

Conclusions: ClereMed was well accepted by older participants, but it was only moderately accurate for reading ability and
not for mild cognitive impairment. Future versions may be most useful as part of a larger medication assessment or as atool to
help family members and caregivers identify individuals with impaired functional reading ability. Future research is needed to
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improve the sensitivity for measuring cognitive impairment and on the feasibility of implementing a mobile app into pharmacy

workflow.

(JMIR mHealth uHealth 2014;2(3):€35) doi:10.2196/mhealth.3250

KEYWORDS

low vision; legibility; prescription labelling; medication labels; usability; cognitive impairment; visual impairment

Introduction

Background

The Ingtitute of Medicine (IoM) estimatesthat each year at |east
1.5million deathsin the United States are caused by preventable
adverse drug events with patient confusion as a major
contributor [1-6]. To save lives, the IloM and others, including
the Institute for Safe Medication Practices (ISMP) and the
American Foundation for the Blind, have urged hedth
professionals to communicate more clearly, improve the
legibility of medication labels, and provideinformation in ways
that are accessible to adults with low vision and low literacy
[2,7,8]. Patients are a so being encouraged to takeamore active
role by maintaining careful records and double checking their
own prescriptions [2].

Yet, to use, record, double check, and understand a prescription,
apatient or caregiver must be able to see, read, and understand
their medication labels. An estimated 1 in 12 North American
adults have aself-reported “ seeing disability,” with eye diseases,
such as cataracts, glaucoma, diabetic retinopathy, or macular
degeneration being major causes of visionloss[9-11]. Inastudy
of simulated vision loss, 3-point font is at the limit of legibility
for healthy vision, whereas mild- to moderate-simulated vision
loss renders anything smaller than 8 to 14 pointsillegible [12].
The result is that regular prescription medication labels cannot
be read accurately by those with moderate-simulated visual
impairment. Many older adults also have difficulties reading if
there is glare or dim lighting, and struggle with low-contrast
reading materials [13].

Individuals over age 65 who are visually impaired are 2 to 3
times more likely to need help managing their medications
[14-16]. Specifically, older adults have more difficulty recalling
and understanding information printed on prescription labels
in 7-point font than in 10-point font [17]. Older adults also read
labels|ess accurately when printed material isin 9- or 12-point
font rather than 14-point font [18]. However, Leat et a [19]
found that while reading speed is dlower for participants with
visual impairment, accuracy of reading is high if participants
are allowed to use their magnification devices, suggesting that
simpleinterventions can improve prescription |abel readability.

Patients who can see medication |abels must also be ableto read
and understand the presented information. Just under one-half
of North American adults have low literacy (47% in the United
States and 48% in Canada) meaning they lack theliteracy skills
needed for everyday life [20,21]. Between 46% and 60% also
have low health literacy and struggle to “obtain, process, and
understand basic health information and services needed to
make appropriate health decisions’ [22,23].

http://mhealthjmir.org/2014/3/e35/

Inaddition, 1in5 community-dwelling adults aged 65 and ol der
have cognitiveimpairment, including 5-7% who have dementia
[24-26]. Compared with individuals with healthy cognition,
those with cognitive impairment are 2 to 4 times more likely to
be nonadherent to their medication therapy [27,28]. Because 1
in 4 home-dwelling adults with cognitive impairment also have
vision problems [29], many patients have multiple barriers to
taking medications safely and effectively.

I dentifying the Problem

Considering that one-half of all prescription labels are
misunderstood, thereisasignificant need to identify individuals
who require additional support with their medication therapy
[6]. For chronic conditions such as diabetes, cardiovascular
disease, and mental illness, at least one-half of patients are
nonadherent to prescribed therapy often because they have a
poor understanding of the purpose, safety, and effect of the
medications they have been prescribed [30-34].

Despite the high prevalence of medication misunderstandings,
adverse events, and nonadherence, there is no gold standard
screening tool that health professionals can use at the
point-of-care to identify people who need additional support to
use medications safely and effectively. In fact, results from
Leat’slab show that 94% of participants (ol der adults and adults
with low vision) reported not being asked by their pharmacist
whether they had difficulty reading labels, while 90% of
pharmaci sts reported that there were either no guidelines or they
did not know if there were guidelines on when to ask patients
if they would like large print (Susan J Leat, PhD, email
communication, June 22, 2014).

In research studies of patient comprehension and adherence,
the most common screening strategies have been to ask patients
to use standard dosing instructions to either calculate the total
daily dose being prescribed or to fill a pillbox [35-37]. In a
recent study, Anderson et al [38] compared both methodsin 65
multi-ethnic patients with type 2 diabetes and found that the
pillbox fill was a more conservative method for identifying
patientswith low cognition [38]. Another strategy that has been
proposed is for pharmacists to assess health literacy using the
Very Short Test of Functional Health Literacy in Adults, which
is positively correlated with pharmacy comprehension (r=.72,
P<.001) [39]. However, neither of these strategies have been
widely adopted in front-line pharmacies.

Making Medication Information More Accessible

One of the first steps to making medication information more
accessible isto identify individuals who simply cannot see the
medication information or instructions. On atypical pharmacy
label, the most prominent and legible information is the
pharmacy logo, which has amean font size of 13.6 points[40].
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By comparison, medication instructions, medication names,
and warning labels are 9.3, 8.9, and 6.5 points, respectively
[40Q]. In arecent study of Canadian prescription labels, 44% of
medication instructions and all drug and patient names were
smaller than 12-point font [41].

To improve legibility, the United States Pharmacopeia
recommends that pharmacists label prescriptions with a high
contrast print, a simple uncondensed large font (eg, 11-point
font, Arial), and adequate white space[42]. Health Canada also
recommends pharmacists use a minimum 10-point font [43].
More specific to patients with low vision, the American
Foundation for the Blind, the American Society of Consultant
Pharmacists Foundation, and ISMP have recommended that
pharmacists give patients the option of having large print
prescription labelsin at least 18-point font [7,8].

In recent years, there has also been considerable effort put
toward creating accessible health information. Health Canada
has begun producing plain language medication handouts that
are more accessible to patients [44]. In the United States, the
National Patient Safety Foundation is promoting the “Ask Me
3" campaign that encourages patients to improve their health
literacy by preparing questions ahead of physician visits [45].
The Agency for Healthcare Research and Quality has also
developed an in depth pharmacy health literacy assessment
process to better understand health literacy by guiding
pharmacies in collecting information from patients, staff, and
objective auditors through a series of surveys and focus groups
[46].

The ClereMed Maobile App

The purpose of the study was to build a mobile tool that could
be easily used by health care providers or caregiversto identify
individuals who have difficulty reading or understanding
medication labels and to study the accuracy, usability, and
acceptability of the device. To guide content, development, and
usability, we convened an advisory committee including a
pharmacist and pharmacy professor (Kelly Grindrod); a
representative from the Canadian National Institute for the Blind
(Déborah Gold); an optometry professor and researcher in the
areaof low vision, visual assessment, and reading (Susan L eat);
an optometrist working with low vision patients (Shamroze
Kahn); a pharmacy business expert (Roderick Slavcev); a
community pharmacist (Bryan Hastie); and apharmacy student
with a special interest in eHealth technologies (Calvin Poon).
The committee met monthly until the final prototype was
developed. Thisapproach is consistent with thethird generation
participatory design framework for health informatics
development [47].

Asdescribed above, the overall goal wasto study one approach
to help pharmacists identify patients over age 55 who have
difficulty reading and/or understanding the instructions on
prescription medications. We designed the app by focusing on
the users, the task, and the outcome.

We began by writing use-casesfor patients we encountered who
had struggled to read prescription labels. We defined our patient
users as individuals over age 55 who use at least one chronic
medication, including narrow therapeutic index drugs, such as

http://mhealthjmir.org/2014/3/e35/
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warfarin and insulin. In describing our users, we made severa
assumptions. First, we assumed some individuals over age 55
may not be familiar with computers and may require extra
support to use a touchscreen device. We also noted some
individuals with functional impairments find it difficult to
complete paper questionnaires and find touchscreen devices
more user-friendly [48]. Given that we were hoping to influence
the legibility of prescription labels, we also assumed that it
would be most effective to have the pharmacist administer the
screening test to the patient rather than having the patient
complete thetask at home. Our rationale wasthat the pharmaci st
could screen the patient when they filled anew prescription and
immediately apply the findings to prescription labeling.

Weoriginally intended to design an app that could rapidly screen
patients for visual impairments. With the use-cases, we put
together several ideasincluding questionnaires, vision screening
tests, and simulations. In consultation with the advisory
committee, we chose to develop an app to simulate medication
taking and hypothesized it would also capture individuals who
could see alabel, but could not understand the instructions due
to low literacy or cognitive impairment. Although a paper
screener or an actual pill vial may have some advantages
(simplicity, less expense), an electronic version has the
advantage that the results could potentially be stored in the
patient’s e-record, be shared with other health care providers,
automatically print large-print labels, or generate a
recommendation for an eye examination.

The researchers worked with a systems design trainee (Behzad
Aghaei) to mock-up the app using the Balsamiq platform. To
maximize usability, we highlighted the importance of large
fonts, large buttons, and intuitive colors (eg, green buttons to
move to the next screen). In addition, to help pharmacists act
on the results of the screening tool, we developed a
prescription-labeling algorithm using the recommendations
from the American Foundation for the Blind and the American
Society of Consultant Pharmacists Foundation (Figure 1) [7].

The app prototype was built through the Communitech Apps
Factory in Kitchener ON, by co-op studentsfrom the University
of Waterloo computer science program. The app was
programmed using hypertext markup language (HTML)-5 and
designed for the Apple mobile Operating System (i0OS) [49].

Wetermed the app “ClereMed” (Figure 2). The final prototype
included two phases and was designed to take 2 minutes to
complete. During thefirst phase (patient-directed), patientswere
asked about their perceived ability to read prescription and
nonprescription labels. Patients then completed a 1-minute
simulation where they read a hypothetical prescription label
written in 6.5-point font and followed the instructions to
correctly drag and drop “tablets’ into the correct times on a
“pillbox”. If the patient could not accurately and easily complete
the task, the patient was prompted to repeat the activity using
progressively larger font sizes. Participants were allowed to
increase the print until they felt they could undertake the task
comfortably. Of interest, on analysis we identified that, despite
programming ClereMed to use default font sizes of 9, 12, 15,
and 18 points, the font-sizes in the actual app appeared as 6.5,
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9, 11, and 13 points, respectively. The“drawing and print guide
for iOS” confirms that font sizes are device-dependent [50].

In the second phase (pharmacist-directed), the pharmacist was
asked to identify any common medication-related issues that
could reduce visual acuity (the smallest detail that an eye can
discern), such as uncontrolled diabetes or chronic corticosteroid
use. A participant was considered to have failed the visual aspect
of the app if they required the print to be larger than the second

Grindrod et d

largest print size on the app (ie, >9 points in actual size). This
cut point was chosen as then a patient would be able to read
most patient-critical information on current prescription
medication labels. A cut point of 11 pointswould mean that the
majority of information would not be legible [40]. The app
closed with patient-specific recommendations to improve
prescription label legibility based on the outcomes of the
screening questions and simulation.

Figure 1. Flow chart linking ClereMed prescreening and screening test results to recommendations. (a): Although a participant may report requiring
large print material or having difficulty reading prescription or OTC labels and/or worn labels, screening results may indicate that the participant has
the ability to complete the screen game using 9-12pt font. In this case, the pharmacist should discuss the results with the participant and decide on the
best option. (b): When applicable based on screening results, prescription(s), or disease condition(s) (eg, if participant reports difficulty with both worn
and glossy labels, the benefits and risks of taping the label should be discussed).
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Figure 2. Screenshots of ClereMed.
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The specific objectives of this pilot study were to build the
ClereMed prototype, to determine the usability of the prototype
with adults 55 and over, and to assessits accuracy for identifying
adults with low-functional reading ability, poor ability on a
real-life pill-sorting task, and low cognition. We also wished
to assess the acceptability of a touchscreen device with older
adults with age-related changes to vision and cognition and to
provide recommendations for future mobile app devel opment.

Methods

Participants

Our methods and results are reported according to the
CONSORT-EHEALTH statement [51]. Thisstudy wasreviewed
and received ethics clearance through the Office of Research
Ethics at the University of Waterloo on January 6, 2012
(Application #17596).

We pilot-tested ClereMed with individuals age 55 and over,
who could speak and read English and who weretaking at |east
one chronic medication. We recruited participants from the
Waterl oo Region, which isalarge urban center in Southwestern
Ontario with a population of over 500,000.

We began our pilot testing by asking pharmaciststo test the app
in their pharmacy. We asked pharmacists to approach patients
who werefilling aprescription and ask if they would be willing
to test a new mobile app. After very poor initial uptake, we
moved the pilot testing out of the pharmacy and into loca
retirement residences and alow-vision clinic at the University
of Waterloo School of Optometry and Vision Science. Results
for the pharmacist directed portion of the ClereMed will not be
described due to low uptake of ClereMed by pharmacists.
Potential participants were contacted by telephone, mail, and
using posters and were invited to schedule atime to meet with
aresearch assistant. They were given the optionto test ClereMed
at their home, in the common areas of their retirement home (if
applicable), or in the clinical spaces of the University of
Waterloo Schools of Pharmacy, Optometry, and Vision Science.
All participants provided written consent prior to taking part in
the study and were provided with a $10 gift certificate in
appreciation of their time.

Halfway through pilot testing we made minor updates to the
app. Participants were originally required to tap radio buttons.
In response to user difficulty with the tapping action, we
changed radio buttonsto yes/no “dliders’. We also enlarged the
button sizes and participants were offered the choice of using
astylus.

Data Collection

Immediately before trying ClereMed, the research assistant
asked participants to complete a paper-based background
guestionnaire that included questions on patient demographics
and computer experience. Participants tested ClereMed on an
iPad using any assistive devices they would typically use to
read a prescription label (eg, spectacles, a magnifying glass).
Theresearch assistant provided little guidance and only offered
aprompt if the participant could not move forward with a task
after several attempts.

http://mhealthjmir.org/2014/3/e35/
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After completing the app, participants assessed usability with
the Systems Usability Scale (SUS) and by providing written
feedback [52]. The SUS is a validated tool that uses a 5-point
Likert scale to provide a quantitative measure of the usability
and learnability of a system and provides an overall score
between 0 and 100 [52]. A trained research assistant
administered a vision and cognitive assessment. We assessed
reading visual acuity using the MNRead Near Vision Chart.
Participants used the same spectacles as were used for the app
and held the chart at 40 cm with good, even illumination. To
achieve the clearest vision for the testing, +2.00 lenses were
held over the participant’s habitual distance prescription or in
atria frame if this provided clearer vision. Functiona visual
impairment was designated asvisual acuity >1 M onthe MNread
chart (equivalent to Arial >8.5-point font, which is similar to
the cut off used for the app).

We assessed cognition using the Montreal Cognitive Assessment
tool (MoCA) [53]. The MoCA is avalidated, paper-based test
that is used to detect mild cognitive impairment. It has short
questions that test the areas of visuospatial, naming, memory,
attention, language, abstraction, delayed recall, and orientation.
It was chosen because it has a greater sensitivity for detecting
mild cognitive impairment compared with the Mini-Mental
State Examination [53]. MoCA scores of <25/30 were defined
as mild cognitive impairment.

Lastly, as a true-life task, participants completed a real-life
prescription vial simulation. Participants were handed a pill
bottle with instructionswritten in Arial, 9-point font (eg, “ Take
ONE tablet THREE times daily”) and asked to place the pills
into a pillbox in accordance with the instructions. Participants
who could not complete the activity were given pill bottles
labeled with incrementally larger font sizes and asked to try
again, until they were able to do the task correctly. A research
assistant recorded the time taken to complete the activity using
adigital timer.

Statistical Analysis

Data were analyzed using SPSS. We used descriptive statistics
to summarize demographic data. For each factor of the SUS,
participant responsesto the 5-item Likert agreement scalewere
scored by subtracting 1 from odd numbered factors, subtracting
the even numbered factors from 5 and multiplying each factor
by 2.5 for a total possible score of 100 for the entire 10-item
scale [54]. The total mean usability score as well as the scores
for learnability (factors 4 and 10) and usability (factors 1-3 and
5-9) [55] were compared between the popul ations of participants
who did and did not own a computer/touchscreen device using
aMann-Whitney test for nonparametric data.

We converted the MNRead scores (which arein a Times Roman
font) to the Arial font size equivalent. Both MNRead scores
and app print size were log transformed, asis usual for vision
data. The correlation between the near-visual acuity score and
the smallest font size required by the participant to complete
the app was calculated using a Pearson product-moment
correlation coefficient. We assessed agreement using a
Bland-Altman plot. To determine the accuracy of ClereMed,
participants’ ability to complete the app without help was
compared against the MNRead, real-life pill bottles, and MoCA
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results (sensitivity and specificity). Statistical significance for
all tests was determined a priori at alevel of P<.05.

Results

Participants

Over a 2-month period, atotal of 4 participants were recruited
through two pharmacies. The study protocol was expanded to
nonpharmacy environments and within 2 months, 39 participants
were recruited from retirement residences and 4 additional
participants were recruited from the low-vision clinic.

Of the 47 participants who completed the study, 60% (28/47)
were female, the mean age was 76 (55-93 years), 15% (7/47)
had functional visual impairment based on the MNread visual
acuity, and 62% (29/47) had mild cognitive impairment based
on the MoCA (Table 1). Of participants, 77% (35/47) reported

http://mhealthjmir.org/2014/3/e35/
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having at least one condition that could affect ability to see
and/or understand prescription labels. Further, 32% (15/47) of
participants did not use a computer, tablet, e-reader, or mobile
phone at home. Participants who had access to a computer or
touchscreen device at home completed ClereMed in a mean
time of 26 (SD 16) seconds, compared with 52 (SD 34) seconds
for those who did not (P=.001).

Intheir daily life, nearly all participants wore spectacles, while
21% (10/47) used amagnifier and 21% (10/47) used large print
materials. Of the participants, 14% (6/44) needed assistance to
take their medications and 36% (16/44) reported having
difficulty reading medication labels or nonprescription labels.
Worn or glossy labels were also a problem for 39% (17/44).
The most common complaints about the legibility of prescription
labels were that the fonts were too small and that the contrast
was poor. Many participants reported that |abels are easier to
read when large letters, bold fonts, and high contrast were used.
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Table 1. Participant demographics, technology in the home, and self-reported difficulty reading medication labels (N=47).

Demographics N %
Age, years, mean (range) 76 (55-93)
Female 28 60

Highest education level completed

High school 20 43
Trade school 1 2

Post-secondary 21 45
Graduate degree 5 10

Annual income ($CAD)

<20,000 7 15
20,000-49,000 15 32
50,000-79,999 4 9
>80,000 4 9
Prefer not to respond 17 36

Technology in the home

Computer 30 63
Tablet 4 9
e-Reader 10 21
Mobile phone 4 9

Assistive devices for daily living

Spectacles 42 89
Magnifier 10 21
Large print 10 21
Self-reported difficulty
Taking medications 6 13
Reading prescription labels 12 26
Reading nonprescription labels 14 30
Reading worn labels 15 32
Reading glossy paper 9 19
Concerned about ability to read or understand medication labels 10 21

Medical conditionsthat could affect ability to read medication labels

Diabetes 7 15
Hypertension 13 28
Glaucoma 6 13
Cataracts 12 26
Macular degeneration 4 9

Total with at least one condition affecting vision 35 77

Medicationsthat could affect ability to read medication labels

Corticosteroids 0 0

Anticholinergics 1 2

Medicated eye drops 13 27

Cognitive impairment (MoCA <25/30) 29 62

Functional visua impairment (MNRead <1M) 7 15
http://mhealth.jmir.org/2014/3/e35/ JMIR mHealth uHealth 2014 | vol. 2 | iss. 3 | €35 | p.89
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ClereMed Usability

Overall, the mean SUSwas 76/100 (Table 2), with 84% (37/44)
of participants agreeing the app was easy to use on item 3.
Parti ci pantswho owned computers or touchscreen devicesfound
ClereMed to be more usable than those who did not own a
computer or touchscreen (mean SUS score difference 16.22,
95% Cl 11.59-20.86, P<.03; Table 3).

The difference may belargely attributable to the learnability of
ClereMed (items 4 and 10), with 60% (9/15) of those with no
technol ogy ownership agreeing or strongly agreeing they would
require some kind of technical support to get through it (SUS
Factor 4) and 47% (7/15) agreeing or strongly agreeing they
needed to learn alot before using ClereMed (SUS Factor 10),
compared with a respective 24% (7/29) and 17% (5/29) in the
technology ownership group.

Inwritten feedback, most participantsfound the app to be simple
and thought it could quickly identify patients with visual
impairment within a pharmacy. Some positive comments
included that the screen was a nice size, the app had good

Grindrod et al

contrast, instructions for the simulation activity were clear, and
the process was quick and concise. Of participants who found
the app difficult to use, many had trouble navigating the
touchscreen, either due to lack of dexterity, hand tremor, or
simply because the screen did not respond to their touch. This
problem was often alleviated with the use of a stylus.

Some participants noted that the font sizes for the simulation
instructions were too small and felt larger, bolder fonts would
make it easier to complete the app. Many participants also had
trouble with screen glare. Of the visually impaired participants,
some noted that the yellow color used for the tablets in the
simulation was hard to see. They also noted that white fontson
a black background might be easier to read. Finally, some
participants noted that radio buttons (for yes/no responses) were
confusing, while others were not familiar with the term “ drag”
for the drag and drop simulation.

With regards to the minor updates made to the app during the
pilot, the larger buttons did appear to reduce user difficulties
but the change from radio buttons to a yes/no slider did not.

Table 2. Participant agreement with Systems Usability Scale (SUS) items after using ClereMed (1=strongly disagree, 2=disagree, 3=neutral, 4=agree,

5=strongly agree) and mean SUS score (n=44%).

Mean Agreement (SD) MeanSUS Score (SD)°
1. I think that | would liketo use ClereMed frequent-  3.05 (1.71) 5.11 (4.28)
ly
2. | found ClereMed unnecessarily complex 1.70 (1.42) 8.24 (3.56)
3. | thought ClereMed was easy to use 4.39 (1.35) 8.47 (3.38)
4. | think that | would need the support of atechni- 2.52 (1.59) 6.19 (3.98)
cal person to be able to use ClereMed
5. | found the various functionsin ClereMed were  4.25 (1.24) 8.13 (3.10)
well integrated
6. | thought there was too much inconsistency in -~ 1.45 (1.04) 8.86 (2.61)
ClereMed
7.1 would imagine that most peoplewould learnto  4.14 (1.37) 7.84 (3.44)
use ClereMed very quickly
8. | found ClereMed very cumbersome to use 1.55(1.23) 8.64 (3.07)
9. | felt very confident using ClereMed 4.16 (1.29) 7.90 (3.23)
10. I needed to learn alot of things beforel could 2.27 (1.72) 6.82 (4.29)
get going with ClereMed
L earnability score® - 65.06 (35.72)
Usability score? - 78.98 (20.19)
Total SUS score - 76.19 (20.67)

#Three participants who had severe vision impairment tried but could not test the app.
bOdd numbered items (1, 3,5, 7, 9) were scored by subtracting 1 from the mean agreement and multiplying by a factor of 2.5. Even numbered items
(2, 4, 6, 8, 10) were scored by subtracting the mean agreement from 5 and then multiplying by a factor of 2.5.5

Learnability is represented by factors 4 and 10.
dUsability isrepresented by factors 1-3 and 5-9.
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Table 3. Responses to Systems Usability Scale (SUS) components according to computer and touchscreen ownership for participants who could use

ClereMed (n=449).

Responses

Technology ownership (n=29)

Mean SUS score (SD)

No technology ownership (n=15)

1.1 think that | would liketo use ClereMed frequentlyb 6.55(3.68)

2. | found ClereMed unnecessarily complexb 9.22 (2.23)

3. | thought ClereMed was easy to use 9.05 (2.45)

4. | think that | would need the support of atechnical 7.07 (3.60)
person to be able to use ClereMed

5.1 found thevariousfunctionsin ClereMed werewell  7.59 (3.57)
integrated

6. | thought there was too much inconsistency in 9.14 (2.03)
ClereMed

7. | would imagine that most peoplewould learnto ~ 7.76 (3.36)
use ClereMed very quickly

8. | found ClereMed very cumbersome to use 8.79 (2.80)

9. | felt very confident using ClereM ed® 8.79 (2.07)
10. I needed to learn alot of things before | could get  7.76 (3.68)
going with ClereMed

Learnability score® (P=.04) 74.14 (28.53)
Usability score® (P=.06) 83.62 (16.32)
Total SUS score (P=.03) 81.72 (15.78)

2.33 (4.06)

6.33 (4.81)
7.33(4.58)
4,50 (4.25)

9.17 (1.54)

8.33 (3.49)

8.00 (3.69)

8.33 (3.62)

6.17 (4.32)
5.00 (4.91)

47,50 (42.31)

70.00 (24.26)
65.5 (25.06)

#Three participants who had severe vision impairment tried by could not test the app.
bOdd numbered items (1, 3,5, 7, 9) were scored by subtracting 1 from the mean agreement and multiplying by afactor of 2.5. Even numbered items
(2, 4, 6, 8, 10) were scored by subtracting the mean agreement from 5 and then multiplying by a factor of 2551

Learnability is represented by factors 4 and 10.
dUs%ability isrepresented by factors 1-3 and 5-9.

Accuracy

In terms of vision, ClereMed correctly identified 71% (5/7,
sensitivity) of participantswho had functional visionimpairment
and 86% (31/36, specificity) who had healthy, functional vision
(Table 4). There was a positive correlation between the log
MNRead visual acuity and the log smallest app print size read

(r=.56, n=45, P<.001). However, this was strongly influenced
by one outlier who had extreme low vision (MNread reading
acuity value of 1.5), and when thiswas removed the correlation
fell to r=.43 (n=45, P=.003). Of particular note, it was not
apparent that theindividual had such poor vision until they were
asked to complete ClereMed and indicated they could not see
theiPed.

Table 4. Sensitivity and specificity of ClereMed for identifying individuals with functional vision impairment, mild cognitive impairment, and who

failed the real-life simulation (N=43%).

Functional vision impairment

Mild cognitive impairment

Failed real-life simulation

Sensitivity
Specificity

0.71 (5/7)
0.86 (31/36)

0.21 (6/28)
1.00 (15/15)

0.63 (5/8)
0.97 (34/35)

3Dueto a system error, results data was not collected for the first four participants who tested ClereMed.

The Bland-Altman analysis (Figure 3) showed that there was
moderate agreement between the measuresin terms of reading
print. On average, the point print chosen for the app tended to
be larger than the reading acuity measured with the MNRead.
However, there was a strong trend toward those with better
vision choosing a larger print on the ClereMed, while 2
participants with poorer vision chose smaller print on the app.

http://mhealthjmir.org/2014/3/e35/

Compared with the real-life prescription vial simulation,
ClereMed correctly identified 63% (5/8) of people who could
not complete the simulation and 97% (34/35) of participants
who could completeit (Table 4).

Of the 62% (29/47) of participants identified by the MoCA as
having cognitive impairment, 2 individuals could not complete
the ClereMed tool. One participant with healthy cognitive ability
also had difficulty comprehending the instructions for the
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simulation activity. ClereMed correctly identified only 21%
(6/28) participantswith mild cognitiveimpairment but identified

Grindrod et al

100% (15/15) of participants who had healthy cognition.

Figure 3. Bland Altman plot comparing MNRead near visual acuity results to the results of the ClereMed vision screening test (N=43).
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Discussion

Principal Findings

ClereMed was moderately accurate for identifying participants
who could not read prescription labels compared with the
MNRead reading test and the real-life prescription vial
simulation. It was not accurate for detecting mild cognitive
impairment. Given ClereMed's reported ease-of-use for adults
55 and over, the app may be a convenient option to estimate a
patient’s ability to read a medication label. Although visual
acuity can be measured simply on areading card, the app has
the advantage of not getting soiled or losing its contrast and can
measure a variety of functions in addition to visual acuity.
However, further development and testing of ClereMed is
necessary before it could be integrated into the workflow of
pharmacies and other health care settings.

Though there was moderately good correlation with reading
acuity, most participants preferred print that was larger than
their visual acuity threshold as measured by the MNRead. This
isnot surprising asthe MNread measured the participant’s acuity
limit, while ClereMed allowed participantsto increase the print
until they felt they could undertake the task comfortably. It is
known that to obtain reasonable fluency in reading, the print
needs to be at least twice as large as the acuity threshold [56]
and patients prefer print that is somewhat larger than their acuity
limit. The 2 participants who preferred smaller print on
ClereMed may have been using aspectacle with astrong reading

http://mhealthjmir.org/2014/3/e35/

addition or holding the ClereMed closer than when their near
reading acuity was measured with the MNRead.

Though the sensitivity of ClereMed was high for functional
vision impairment, the sensitivity was very low for mild
cognitive impairment. ClereMed was not designed to measure
cognition directly, but the practical ability to understand and
follow instructions. Thisfinding is consistent with asmall study
by Anderson et a [57] who, in 2008, found that the
well-validated Mini-Mental State Exam for cognition was poorly

correlated with the patient’s ability to fill a pillbox (r?=.15,
P=.046). Stilley et al [58] has a so shown attention/psychomotor
speed are cognitive domains that most consistently predict
medication adherence. Executive function isalso considered to
be a good predictor of everyday functioning and includes
behaviors such as purposive action/self-regulation,
planning/attention,  volition/inhibition, and  effective
performance/self-monitoring [59]. In 2013, Zartman et a [60]
devel oped the“ Pillbox Test” to assess executive function. Using
five pill bottleswith different colored beads, patientswere asked
to fill apillbox using arange of common instructions ranging
from “take one tablet daily” to “take one tablet in the am and
pm” and “take one tablet every other day” [60]. Initial testing
with 120 patients showed that the Pillbox Test was well
correlated with the Direction Assessment of Functional Status
score for executive function and that it had a sensitivity of 75%
and aspecificity of 87.5% for adultswith neurological disorders
including dementia and stroke compared with healthy adults
[60Q]. For assessing cognition, future research on tests such as
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ClereMed should consider the role of the different cognitive
domains.

ClereMed Usability

In terms of usability, interacting with new technology at an
ol der age without any previous experience can, understandably,
be daunting. Many of the participants had previous computer
experience, though much fewer had experience with touchscreen
devices. Themgjority of participants, regardless of their previous
experience with touchscreens, reacted positively to ClereMed.
In general, participants found the app to be simple and easy to
use and felt most people would learn to use it quickly. Given
that many adults 55 and over would not have any previous
experience using a touchscreen device, the reported usability
of ClereMed is encouraging. Certainly, previous research has
shown that many adults 55 and over, especially those with motor
difficulties (eg, rheumatoid arthritis) may actually prefer using
touchscreens over traditional pen and paper when completing
guestionnaires [48].

Many participants also expressed their apprehension prior to
participating, stating their lack of experience asareason to fear
using an app. A review by Broady et a [61] reported that this
is a typical reaction for adults 55 and over. Despite lack of
experience that may lead them to feel less comfortable and
competent using a new technology, personal relevance of the
technology is an important factor in encouraging adults 55 and
over to make use of such services [61]. In this study, most
participants were pleasantly surprised at how quickly they
picked up on the new technology. Knowing the relevance of
the app to their everyday lives seemed to hel p participants want
to learn how to useit.

Although most of the feedback provided about ClereMed was
positive, some participants had difficulty interacting with the
touchscreen. Many could not get the screen to respond to their
touch and reported difficulty when finer movements were
required (ie, when trying to tap aradio button). Most commonly,
problems were encountered when there was a long lag time
between touching the screen (pressing) and letting go (rel easing).
When this occurred, the system would not recognize the tap or
would activate a copy/paste function until participants mastered
the required technique. Leonardi et a [62] observed a similar
problem when testing a touchscreen interface for older adults.
They found that many misunderstood the tapping gesture. For
some participants, up to a 1-second gap was measured between
the “press’ and the “release”. In other instances, the finger
would move dlightly while pressing, leading the system to
interpret the motion asadragging gesture, rather than atap [62].

Research by Wacharamanotham et al [63] also found that elderly
users with a hand tremor may have difficulty interacting with
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touchscreens due to finger oscillation. Instead of tapping, a
“swabbing” or swiping motion can decrease error rates and
improve user satisfaction. Future research is needed to
investigate tools and methods to improve the user-friendliness
of mobile apps for adults 55 and over, especially those who
have little to no experience with touchscreens for whom certain
functions may not be completely intuitive.

Limitations and L essons L earned

There were some limitations to the current study and some
lessons learned. It was a pilot study designed to test a concept.
Although ClereMed was designed for use in pharmacies, only
4 participantswere actually recruited through a pharmacy. Most
recruitment occurred in independent living retirement homes
with a research assistant. As a result, our sample population
may not be representative of all individuals who pharmacists
would assess with ClereM ed. Community-dwelling adultswho
are younger, for example, may differ in their experience with
and willingness to adopt new technologies.

On follow-up, pharmacists told us they felt over-burdened
recruiting participants and testing the app in the pharmacy
setting. For a multi-user app such as ClereMed, the user
experience needs to be positive for both experienced and new
users. In our design processes, we had input from pharmacists
but focused on the patient user and not the pharmacist user.
With ClereMed, it is the pharmacist who would make the
decision to adopt the app into their practice. The diffusion of
innovation model posits that, for atechnology to be adopted, it
must provide users with arelative advantage over their current
circumstances [64]. In hindsight, we should have focused on
providing pharmacists with a relative advantage over their
current practice. This is an important consideration for future
research.

Further, though our goal was to build on the rapid advancesin
mobile technologies to build a novel tool, ancther approach
would have been to use a simple paper-based tool. The other
issuethat requires consideration isthe motivation of pharmacists
to use any tool, be it paper or electronic, to assess and support
their patients. Currently, it islikely that many patientswho have
difficulty reading their prescription labels go unnoticed. More
research isneeded to explore the waysto work with pharmacists
to identify patients who need help. The lack of sensitivity of
ClereMed for cognitive impairment also requires further
investigation. Nevertheless, if used correctly, an app such as
ClereMed has the potential to reduce medication
mismanagement in adults 55 and over by rapidly allowing the
pharmacist to identify a patient’sinability to read amedication
label or understand instructions and provide practical solutions
to the problem.
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Abstract

Background: Headache diaries are often used by headache sufferers to self-monitor headaches. With advances in mobile
technology, mobile electronic diary apps are becoming increasingly common.

Objective: Thisreview aimsto identify and evaluate all commercially available mobile headache diary apps for the two most
popular mobile phone platforms, iOS and Android.

Methods: The authors developed a priori a set of 7 criteria that define an ideal headache diary app intended to help headache
sufferers better understand and manage their headaches, while providing relevant data to health professionals. The app criteria
wereintended as minimum requirementsfor an acceptable headache diary app that could be prescribed by health care professionals.
Each app was evaluated and scored against each criterion.

Results: Of the 38 apps identified, none of the apps met all 7 app criteria. The 3 highest scoring apps, meeting 5 of the app
criteria, were iHeadache (developed by Better QOL), ecoHeadache (developed by ecoTouchMedia), and Headache Diary Pro
(developed by Froggyware). Only 18% of the apps were created with scientific or clinical headache expertise and none of the
apps reported on psychometric properties.

Conclusions: Despite the growing market and demand, there is a concerning lack of scientific expertise and evidence base
associated with headache diary apps.

(JMIR mHealth uHealth 2014;2(3):€36) doi:10.2196/mhealth.3452

KEYWORDS
headache; diary; apps; smartphone; mobile phone; technology; mHealth; review

Keeping a diary on a regular basis to track headache-related
information such as occurrence, symptoms, triggers, and

Headache disorders are highly prevalent, with 46% of adults Medication inteke is often recommended by health care
and 51% of children and adolescents presenting with an active ~ Professionals [4,5]. A diary helps both users and health care
headache disorder worldwide[1]. Headache disordersareamong ~ Professionals assess headache impact, make a diagnosis, and

the most disabling conditions for both men and women, anda  Inform hedlth care decision making [4,5]. Typically, paper
major public health concern [1-3]. diaries have been used. However, paper diaries can be bulky,
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data must be entered by hand, and they can be lost or forgotten.
Compliancewith paper diariescan beaproblem, and individuals
may be completing multiple diary entriesconcurrently at alater
date, leading to reliability concerns[6]. Thelimitations of paper
diaries, along with recent advances in maobile technology, have
led to the increasing adoption of electronic diaries (e-diaries)
on mobile devices such as mobile phones[7,8].

The use of mobile e-diaries has several advantages over paper
diaries. Mobile e-diaries allow users to conveniently take the
diary with them at all times, they makeit possibleto incorporate
branching questions which makes data entry more efficient, and
they have the capability of automatically building reports from
the data entered, which may help usersto identify patterns and
predict trends. E-diaries are aso beneficial to health care
professionals by allowing them to access patient data in real
time, verify actual entry times, and ultimately user compliance
rates. E-diaries have been shown to be more reliable than
paper-based diaries, and they are associated with increased
levels of compliance and satisfaction when compared to paper
diaries in both adults and children [9,10]. For instance, Stone
et al found that the compliance rate for an electronic pain diary
was 94%, compared to 11% for a paper diary [6]. They also
found that out of the 710 days analyzed, the paper diary was
not used on 230 (32%) of the days, yet participants reported a
level of compliance over 90% on those days.

E-diaries and other medical apps on mobile phones are rapidly
expanding, especially outside the academic setting. The number
of available mobile health apps across major mobile phone app
stores increased from 17,000 in 2010 to 97,000 apps in 2013
[11,12].In 2014, 4.55 hillion people are expected to use mobile
phones overall, with worldwide mobile phone usage predicted
toincrease by 25%to 1.76 billion people[13]. By 2017, nearly
50% of mobile phones are expected to be smartphones[14]. In
addition, it isestimated that by 2015, 500 million mobile phone
users will be using amedical app [11].

Concernsare commonly raised around the quality of such mobile
health apps, dueto the low levels of involvement by health care
professionals, and failure to use a scientific evidence base in
app development [15,16]. However, no systematic review of
many of the available medical apps, including headache diary
apps, has been conducted. Recently, Stinson et a systematically
reviewed headache diaries used in the research setting only [8].
A previous review by Rosser and Eccleston demonstrated the
popularity of pain appsinthe commercia app market [16]. They
found headache pain was the most common type of paintargeted
and found that diary tracking features were included in 24% of
the identified pain apps. However, the pain apps were not
downloaded and evaluated as part of the review. Since Rosser
and Eccleston’s review, the number of headache diary apps has
increased dramatically. Our goal wasto systematically identify
and evaluate all commercially available headache diaries for
Apple(iOS) and Android devices. Together, thesetwo platforms
represent the majority of devices, with more than 90% (81%
Android, 13% iOS) of the global mobile phone market in 2013
[17,18]. The results of this review will help inform health care
professionals and potential users on the best available e-diary
apps for headache. It will also provide researchers with new
electronic assessment tools if apps are found with evidence of

http:/mhealth jmir.org/2014/3/e36/

Hundert et al

reliability and validity. A lack of high-quality apps would
demonstrate aneed for researchers and health care professionals
to improve the existing apps, or develop quality diary apps to
fill the current gap in demand.

Methods

Search Strategy

The two most popular mobile phone platform app stores were
used to identify all available headache diary apps. The Canadian
Google Play (Android) and AppleiTunes App (i0S) storeswere
searched using the following search terms: headache, headache
diary, headache tracker, migraine, migrainediary, and migraine
tracker. The final app search was conducted on November 2,
2013 by 2 reviewers (ASH, Hayley Stinson, BA). ASH
identified atotal of 41 apps, while HSidentified 42. Agreement
between the reviewers was 96.4%. Any discrepancies were
resolved by adiscussion with athird reviewer (AH).

Inclusion and Exclusion Criteria

All of the apps identifying themselves in the Canadian Google
Pay or AppleiTunes App store description as headache logging
or tracking toolswere included. The appswere then downloaded
and excluded from the review if they failed to log or track
headaches, despite their associated description. When both a
version requiring payment and a free version of an app was
available, the version requiring payment was purchased and
used, while the free version was excluded. This was done to
ensurethat the best avail able version of the app was considered.
The apps not available in English were a so excluded. Identical
apps available in both the Google Play and Apple iTunes App
stores were counted only once.

Data Extraction

One reviewer (ASH) downloaded all of the apps meeting the
criteria. The apps were installed on a Google LG Nexus 4

running Android 4.3 and an AppleiPod Touch ME178C/A (4™
generation) running iOS 6.1.2. The reviewer extracted the
following information for each app: date and version of last
update, price, developer, technical requirements, language,
assessment schemes (time contingent, signal contingent, or
event contingent), presence of reports, reports linking multiple
variables, type of reports (plain text, table, graphs/charts),
presence of headache entry log (list of previous headache
entries), ability to edit previous headache entries, ability to
export data from app (eg, email, PDF), reminders, headache
characteristics and related variables measured (eg, headache
severity, triggers, headache quality), inclusion of customization
and personalization features, ability to use the app without
Internet connection, the need to create an account to use the
app, and presence of advertisementsin the app. Any associated
components not directly part of the app, such as website
components, were not eval uated, given that our main focus was
to evaluate the diaries as stand-alone apps.

App Quality Assessment

Overview

Given that no standards exist for evaluating these apps, the
authors consensually defined a set of criteria for an ideal
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headache diary app intended to help headache sufferers better
understand and manage their headaches, while providing
relevant data to health professionals. Based on the authors
judgment, an ideal headache diary app should (1) be created
with clinical and/or scientific headache expertise, (2) have
undergone testing to ensure the diary is a feasible and reliable
method of data collection, (3) measure clinically relevant
headache variables, (4) be usable, (5) include customizable
answer options and reports, (6) include reportslinking multiple
variables, and (7) have the ability to export headache data from
the app. See below for how each of these criteria, intended as
minimum requirements for an acceptable headache diary app,
were evaluated.

App Criterion #1: Apps Created With Headache
Expertise

An appropriate app does not necessarily need to be devel oped
by headache expertsthemselves, but it isimportant that experts
be involved at least in advising development. For this reason,
we a priori defined that an ideal app be created with headache
expertise. The app description available in the app store and
any websites linked to the developer, creator, or ingtitution
affiliated with app development were examined for scientific
or clinical headache expertise. The apps found to be supported
by academic or clinical ingtitutions, or created by individuals
with MDs or PhDs practicing or doing research in the fields of
neurology or pain were considered to have been created with
headache expertise. The method used to identify expert
involvement was chosen as a feasible strategy. It is possible
that headache experts may have been involved in devel opment
but not identified in the app descriptions or associated websites.
We al so acknowledge that headache sufferers can be considered
expertsin creating diary apps. However, they were not included
inthiscriterion asit was not possibleto reliably confirm whether
the app creators held this type of expertise.

App Criterion #2: Formal Psychometric and Feasibility
Testing

To examine whether the feasibility—described in terms of
adherence, acceptability, learnability, efficiency, or
accuracy—and psychometric properties of the existing apps
could have been formally tested, a search of the following
databases was conducted: PubMed, Web of Knowledge, and
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PsychINFO (2000 to October 24, 2013). The search did not
include publications prior to 2000; the oldest app versions
included in thisreview werereleased in 2010. The search terms
included “headache or migraine or cephalalgia’ and “diary or
diaries’. A total of 1442 abstractswereretrieved from our search
strategy. Two reviewers (ASH, AH) independently screened all
retrieved abstracts (n=723 after removing duplicates) for
e-diaries or mobile phone diaries matching the names of the
apps, their devel opers’ names, or descriptions of the content of
the apps included in this review. The systematic review of the
headache e-dairies developed and used in the academic setting
was conducted recently by several members of this research
team and was taken into account [8]. Using Cohen’s kappa, the
level of agreement between the 2 reviewers screening the
abstracts was 1.00, indicating perfect agreement [19,20]. We
aso acknowledge that the apps may have undergone
psychometric or feasibility testing that was not published in the
scientific literature. However, it was not possible to verify
whether such testing had occurred.

App Criterion #3: Clinically Relevant Headache
Variables Measured

There is no consensus on a standard set of core variables that
should be assessed in a headache diary. Consequently, the
authors created and conducted an online survey among headache
experts to define what the most clinically relevant headache
variablesfor aheadache diary app should be. Headache experts
were required to (1) have an MD or PhD, (2) be affiliated with
recognized universities, (3) be currently conducting research
and/or practicing in the field of neurology or pain, and (4) be
published in peer-reviewed journals on the topic of headaches.
We identified and invited 35 headache experts to participate.
Of the 35 experts contacted, 10 responded. Experts were
independently asked to create alist including all variables they
believed should be measured in a mobile headache diary.
Responses were compiled and comparabl e responses grouped
under the same variable (eg, headache severity, headache
intensity, and pain level were grouped together). For acomplete
list of headache variables recommended by the experts, see
Table 1. Those variables suggested by 50% or more of the
headache expertswere considered clinically relevant. A reviewer
(ASH) assessed each of the apps for inclusion of the clinically
relevant variables suggested by the experts.
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Table 1. Headache variables recommended by headache experts (n=10).

Hundert et al

Headache variable®

Number of experts recommending, n (%)

Headache severity/intensity

Headache triggers

M edication/treatment taken for headache
Associated headache symptoms
Headache frequency (derived from headache occurrence)
Headache-related disability

Headache duration

Response to medi cation/treatment
Ongoing preventative medication
Time of headache onset

Date of headache

Presence of aura

Menses

Headache pain location

Headache pain quality

Side effects of treatment

Time of treatment
Nonpharmacological treatments

Life events (eg, travel, exercise)
Prodrome symptoms

Sought care from health professionals
Worry/anxiety/fear rating
Stress’mood rating

Sleep rating

10 (100)
9 (90)
9 (90)
7(70)
6 (60)
5 (50)
5 (50)
3(30)
2(20)
2(20)
2(20)
2(20)
2(20)
2(20)
2(20)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)
1(10)

3/ariables recommended by 50% or more of the experts were considered clinically relevant.

App Criterion #4. Usable Apps

Anideal app was expected to be usable. Usability isaqualitative
attribute which assesses how easy user interfaces areto use and
understand [21]. Usahility was assessed using a heuristic
evaluation, which consists of a small number of expert
evaluators assessing the user interface against alist of heuristics,
defined as general principles for interaction design [21].
Heuristic evaluation is one of the most common methods of
usability assessment. It benefits from being an efficient
evaluation method for obtaining high-quality results in a short
amount of time, and at a low cost [21-23]. Usability can aso
be assessed using a variety of methods by users themselves,
such asthethink aloud protocol, which consists of verbal reports
from users[23].

Inthe current review, each app user interface was systematically
inspected, and its compliance with a common list of 10
well-established usability heuristics (see Table 2 for a
description of each heuristic) was judged by trained reviewers
[21]. Each app user interface was rated on a scale of 1 to 5
(1=poor, 5=excellent) against each of the 10 heuristics and a
total usability score was obtained by summing the individual

http:/mhealth jmir.org/2014/3/e36/

scores (maximum score of 50). The calculated usability score
for each app was not intended to be used as a precise indicator
of its usahility; instead it was intended to be used as an
approximate indicator, with higher scores indicating higher
perceived usability. One reviewer (ASH) was trained for
usability evaluation and evaluated all included apps. For the
purpose of exploring interrater reliability, a second reviewer
(MW), a software developer with expertise in developing
medical apps and testing usability, evaluated the usability of a
random selection (9/38, 24%) of the apps. Usahility scores are
subjective and slight variation between reviewers is expected.
Interrater reliability of the total usability scores was assessed
using atwo-way mixed, absol ute agreement, average-measures
intraclasscorrelation (ICC) [24]. Unlike kappa, ICCincorporates
magnitudes of disagreement, making it more suitable for
evaluating interrater reliability of ratio variables [24]. The
resulting ICC was .95, indicating excellent agreement between
reviewers [25]. Given that strong agreement was identified
between reviewers, it was not considered necessary for the
second reviewer (MW) to evaluate more than 24% of the apps.
For all of the apps, the first reviewer’s (ASH) scores were used
in the presented data. Usability scores of 75% (equivalent to a
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score of 37.5 out of a maximum score of 50) or higher were considered acceptable for meeting the app criteria.

Table 2. Nielson usability heuristics [21].

Heuristic

Description

Visibility of system status

Match between system and the real world

User control and freedom

Consistency and standards

Error prevention

Recognition rather than recall

Flexibility and efficiency of use

Aesthetic and minimalist design

Help usersrecognize, diagnose, and recover
from errors

Help and documentation

The system should always keep usersinformed about what is going on, through appropriate feedback
within reasonable time.

The system should speak the user’s language, with words, phrases and concepts familiar to the user,
rather than system-oriented terms. The system should follow real-world conventions, making information
appear in anatural and logical order.

Users often choose system functions by mistake and will need a clearly marked "emergency exit" to
|eave the unwanted state without having to go through an extended dialogue. The system should support
undo and redo.

Users should not have to wonder whether different words, situations, or actions mean the same thing.
The system should follow platform conventions.

Even better than good error messagesis a careful design which prevents a problem from occurring in
thefirst place. Either eliminate error-prone conditions or check for them and present users with aconfir-
mation option before they commit to the action.

Minimize the user's memory load by making objects, actions, and options visible. The user should not
have to remember information from one part of the dialogue to another. Instructionsfor use of the system
should be visible or easily retrievable whenever appropriate.

Accelerators—unseen by the novice user—may often speed up the interaction for the expert user such
that the system can cater to both inexperienced and experienced users. The system should allow users
to tailor frequent actions.

Didaogues should not contain information which isirrelevant or rarely needed. Every extra unit of infor-
mation in a dialogue competes with the relevant units of information and diminishes their relative visi-
bility.

Error messages should be expressed in plain language (no codes), precisely indicate the problem, and
constructively suggest a solution.

Even thoughiit is better if the system can be used without documentation, it may be necessary to provide
help and documentation. Any such information should be easy to search, be focused on the user's task,
list concrete steps to be carried out, and not be too large.

App Criterion #5: Customizable Answer Options and
Reports

Customizable answer options are important in making the apps
relevant to each user. This feature allows users to create their
own inputs when filling out a diary entry. For example, the
possibility for the user to add a custom trigger (eg, chocolate,
caffeine, or stress) in case the desired trigger does not appear
inthe default list. To meet this criterion, the appswere required
to have at least one headache variable answer option input be
customizable and to contain somelevel of customization in the
reports. Customizable reports allow users to better understand
their headaches by allowing them to examinethetrendsthat are
a concern to them. Examples of customizable reports include
controlling the time span of areport or choosing the variables
contained in areport. Onereviewer (ASH) extracted therequired
information by reviewing the content of the apps.

App Criterion #6: Reports Linking Multiple Variables

Reports alow users to understand trends associated with their
headaches. This criterion required that the appsinclude reports
simultaneously linking multiple variables in tables or graphs.
For example, a report displaying information about both time
of day and headache occurrence was considered to be a report
linking multiple variables (time of day and headache

http:/mhealth jmir.org/2014/3/e36/

occurrence). One reviewer (ASH) extracted the required
information by reviewing the content of the apps.

App Criterion #7: Ability to Export Headache Data From
App

Thefinal app criterion required that the apps include an export
feature, allowing usersto export logged headache data directly
to email, PDF, etc, and allowing the datato be viewed and saved
outside the app. Thisfeatureisimportant asit facilitates sharing
users headache data with their health care professionals. One
reviewer (ASH) extracted the required information by reviewing
the content of the apps.

Results

Overview

In total, 38 apps were identified as headache diaries. For alist
of included apps and their characteristics see Table 3. Of the
38 apps, 24 (63%) were available on iOS only, 11 (29%) were
available on Android only, and 3 (8%) were available across
both platforms. Of the appsidentified, 19 (50%) werefree, while
19 (50%) required purchase. The average price among the paid
apps was Can $2.74. All of the apps used an event-contingent
assessment scheme and focused only on tracking headache
episodes; none gathered data on days when no headache events
occurred. Only 2 apps (5%) included the ability to set reminders.
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Table 3. Available headache diary apps (n=38) and their characteristics, ordered by number of app criteria met.
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Name Platform/ Price, App criteria Number
; C f
Versontested  C8% o i puplishedin Headache  Usability Custom Reportd®  Export 0
with scientific ~ varisbles  score(%) gpgyer  /Reports data  Ctera
headache  |iterature ~ Measured/ _ linkin from et (out
" Clinicall options?/ ng of 7)
expertise elml y Cusom Multiple aPP
r ?vant reports  Variables
variables
measured
(out of 7)
iHeadache i05/1.45 4,99 Yes No 8/7 90 Few/Yes Yes/No  Yes 5
Headache Diary i0S/2.3 1.99 No No 13/7 94 Many/Yes YesYes Yes 5
(ecoHeadache)
Headache Diary ~ Android/3.7 2.99 No No 10/7 82 Few/Yes YedYes Yes 5
Pro®
Headache Diary i0S/1.5 3.99 No No 12/7 94 Many/No Yes/Yes Yes 4
Pro?
Migraine Diary  i0S/2.4.1 1.99 No No 10/7 90 Many/No Yes'Yes Yes 4
PainCal i0S/2.0 1.99 No No 9/6 80 Many/Yes Yes'Yes  Yes 4
A MigraineDiary iOS&Android 4,99/ No No 13/7 62 Many/Yes YesYes Yes 4
for You /113& 1.1
4.95
Migraine i091.1 Free Yes No 716 72 Few/No YesYes Yes 3
Migralex i091.1 Free Yes No 10/5 84 Few/No YesNo  Yes 3
Oh, My head i0S/1.0 1.99 No No 5/2 76 Few/Yes Yes'Yes No 3
Migraine Free i091.1 Free Yes No 5/5 74 None/No Yes'Yes Yes 3
Cluster Android Free No No 4/3 80 Few/No  Yes/Yes Yes 3
Headache Relief  Android/1.07 1.00 No No 714 80 Few/No YesYes Yes 3
Log
Headache App iOS& Android Free No No 9/6 76 Many/No Yes'Yes Yes 3
/145& 15
Headache Note®  10S&Android Free No No 6/5 84 Few/No YesYes Yes 3
/121& 1.03
Migraine Meter  i0S/2.6 Free Yes No 97 82 Few/No YesNo  Yes 3
PainTrek i0S/1.1 Free Yes No 8/5 66 None/Yes Yes'Yes No 2
American i051.0.1 Free Yes No 7/5 74 No/No No/No Yes 2
Migraine
Foundation
PainCalendar i0S/1.0 5.99 No No 9/6 86 Few/No  Yes'Yes No 2
Headache & i05/2.5.0 1.99 No No 5/3 74 No/Yes  YedYes Yes 2
Migraine Diary
Migraine i050.9.1 Free No No 4/4 86 Few/No  No/No Yes 2
Journal
MigraineMate i05/2.198 Free No No 3/2 94 No/No Yes'Yes No 2
Migraine Diary  i0S/1.0 Free No No 8/6 86 No/No No/No Yes 2
Headachef i091.1.0 4,99 No No 6/4 82 Few/No YesYes No 2
Migraine Stop i0S/1.0 Free No No 9/6 92 No/No Yes’No  Yes 2
Migrainetracker! i0S/4.0 Free No No 2/1 82 No/No No/No No 2
Android/1.3.0 134 No No 716 72 Few/No  Yes'Yes Yes 2

Headache diary?
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Name Platform/ Price, App criteria Number
; C f
Versonteted  “® rogeq  publishedin Headache  Usbility Cusom  peports  Export O
with scientific  varisbles  score(%) gpgyer  /Reports data  Ctera
headache  |iterature measured / _ linkin from met (out
: Clinicall options?/ ng of 7)
expertise inically Cusom Mmultiple &P
relevant reports  Vaviables
variables
measured
(out of 7)
Migraine Android/4.0 1.96 No No 10/6 86 Few/No YesNo  Yes 2
Calendar
HeadacheDiary ~ Android/1.0 2.04 No No 6/6 76 No/Yes  YedYes No 2
Headache Diaryh Android/1.25 Free No No 714 74 Few/No  YesYes Yes 2
MyGraine i05/1.1 Free No No 9/5 70 Few/No YesYes Yes 2
Migrainelngtitute i0S/1.4 0.99 Yes No 8/6 74 No/No No/No Yes 2
Ubigi Health Android/2.1 Free No No 7/5 82 Many/No No/No No 1
Migraine Tracker
Migraine Tracker Android/0.9b Free No No 4/3 86 No/No No/No No 1
My HeadacheDi- i0S/1.1 Free No No 7/5 72 No/No No/No No 0
ay
migraineDiary Android/0.1 Free No No 5/4 72 No/No No/No No 0
Headache Diaryj Android/1.1 0.99 No No 6/5 64 No/No No/No No 0
Headache & i051.2 0.99 No No 5/3 oK Few/No No/No  No 0
Migraine Tracker
Pro

3Faw: 3 or less headache variables allow for custom answer options; Many: more than 3 headache variables allow for custom answer options.
bRefersto the app's ability to create reports in general, not necessarily custom reports or reports linking multiple variables.

’Developed by Froggyware.
dDeveloped by appcellent GmbH.

€Full name: Headache Note — You can manage headache by recording the pain and the taken medicine (iOS name); Headache Note-be healthier- (Android

name).

fFull name: Headache — migraine and headache journal/log/calendar.
9Developed by Marcel Shroder.

hDa/eloped by Benjamin Gerfelder.

iAbleto export data from website component associated with app.
IDevel oped by Tmoney.

KNot usabl €; unable to load headache entries.

App Quality: App Criteria

Overview

The quality of the apps was determined by how many app
criteria were met. The apps with the highest quality were
iHeadache (developed by Better QOL ), ecoHeadache (devel oped

http://mheal th.jmir.org/2014/3/e36/

RenderX

by ecoTouchMedia), and Headache Diary Pro (developed by
Froggyware), each of which met 5 of the 7 app criteria. See
Figure 1 for a screenshot of the 3 highest scoring apps. Only 7
of the 38 available apps met 4 or more of the app criteria. The
median number of app criteria met was 2. Table 4 shows the
number of apps meeting each criterion.

JMIR mHealth uHealth 2014 | val. 2 | iss. 3| €36 | p.104
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Table 4. Number of apps meeting each app criterion (N=38).

Hundert et al

Criterion Number of apps meeting the criterion,
n (%)

1. Created with headache expertise 7(18)

2. Formal psychometric and feasibility testing 0(0)

3. Clinically relevant headache variables measured 7(18)

4. Usable 24 (63)

5. Customizable answer options and reports 9(24)

6. Reports linking multiple variables 22 (58)

7. Export headache data from app 25 (66)

Figure 1. The home screen of iHeadache (left), ecoHeadache (middle), and Headache Diary Pro (right).

iPod 8:10 PM EEp 0 ©F4d2105
« 11/28/13 @ 05:16 PM Headache + Headache Diary Pro o
Headache Start Time : [ 11/28/13 @ 05:16 PM Headache Medicatiol Therapy
Days since last headache
Length of Headache : 2 to 4 hours Viay 2015
Initial Severity : A ()1d, -~ Moderate (3) > ' Headaches this week
D 12:23 PM
Mild Moderate Severe
Ll ()11h 59m Severe (5)
o/ ’
Maximum Severity : 12:15 PM, (3 5, ®1 tme(s), #1ti.. > Numberghheadaches
Mild Moderate Severe
Symptoms : (J Disability :
Medications : ¢4 Triggers : &4

Notes : @)

Add Another Headache 0

— iy

@

Headache Log Reports Settings

Headache Top Rated

App Criteria #1 and #2: App Created With Headache
Expertise and Formal Feasibility and Psychometric
Properties Testing

Only 7 apps (18%) were found to have been created with
scientific or clinical expertise and met criterion #1. None of the
appsinthisreview were found in the scientific literature search,
and as a result none of the apps were considered to have

undergone formal psychometric or feasibility testing (criterion
#2).

App Criterion #3: Clinically Relevant Headache
Variables Measured

Of the 38 apps, 7 of them (18%) measured al 7 clinically
relevant headache variables as defined by app criterion #3. The

http://mheal th.jmir.org/2014/3/e36/
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Statistics Report Setting

average number of headache variables measured in each app
was 7 out of 24. The average number of variables measured per
app that wereidentified asclinically relevant by the expertswas
5 out of 7. The most common variable measured was headache
intensity (37/38, 97%), followed by medication usage (30/38,
79%), triggers (27/38, 71%), time of headache (27/38, 71%),
notes/comments (26/38, 68%b), other headache symptoms (25/38,
66%), headache duration (25/38, 66%), location of headache
(21/38, 55%), headache disability (12/38, 32%), headache
quality (11/38, 29%), and other coping strategies (11/38, 29%).
Other variables less frequently measured were geographical
location, weather, mood, and headache type. For acompletelist
of headache variables measured by those apps meeting 4 or
more app criteria, see Table 5.
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Table 5. Headache variables measured by al apps (n=7) meeting 4 or more app criteria.

Headache variables measured App

iHeedache Headache Headache Headache Migraine PainCal

A Migraine
Diary for
You

Diary
(eco-
Heedache)

Diary
Pro?

Diary
ProP

Diary

Headache severity/intensity

Headache triggers

M edication/treatment taken for headache
Associated headache symptoms
Headache frequency

Headache-related disability

Headache duration

O ooooo o g

Time of headache onset

Headache pain location

Headache pain quality

Nonpharmacological treatment and coping strategies
Type of day (eg, work, school)

Type of headache

Weather when headache occurred

Activity when headache occurred

Geographical location when headache
occurred

O
O o ooooo g g
O O o o o

OO0 ooooogogo g

O Ooooooogogogoo o
O o o o

OO0 oooooogoogoogo g

O o oooooogoooo o

@Developed by Froggyware.
bDa/eloped by appcellent GmbH.

App Criterion #4: Usable Apps
Of the 38 apps, 24 (63%) met this criterion, which consisted of

scoring atotal usability score of at least 75%. Usability scores
ranged from 0% to 94% with a median score of 80%.

App Criteria #5, #6, and #7. Customizable Answer
Options and Reports, Reports Linking Multiple
Variables, and Ability to Export Headache Data From
App

Most of the apps (27/38, 71%) contained reports on headache
data, with 58% (22/38) of the apps containing reports linking
multiple variables, while customizable reports were less
common (9/38, 24%). The ability to modify existing lists of
answer optionsfor aheadache variable (eg, adding anew trigger
to the preexisting list) was seen in 63% (24/38) of the apps.
Many of the apps (25/38, 66%) also allowed data entered into
the diary to be exported, often via email or by creating PDF
documents.

Discussion

Available Apps

Clinicians often recommend that headache sufferersuse adiary
to record headache events, and e-diaries have been growing in
popularity. Despitethis, e-diaries created and tested by headache
experts in academic settings are not available to the general

http:/mhealth jmir.org/2014/3/e36/

population. As a result, consumers are restricted to what is
available in the app stores. Despite the large volume of apps
available commercially, none of the apps met all 7 app criteria.
It is especialy concerning that none of the apps identified in
this review were found to have undergone formal feasibility or
psychometric property testing. It is essential when developing
mobile health appsto test feasibility and, later on, psychometric
propertiesin order to offer consumers high-quality assessment
tools. Additionally, only 2 apps included the ability to set
reminders, despite research demonstrating that reminders can
increase adherencein health interventions[26,27]. Overall, this
review has demonstrated thelack of quality headache diary apps
available to consumers.

Of the 3 highest scoring apps (iHeadache, ecoHeadache, and
Headache Diary Pro), iHeadache, developed by Better QOL for
i0S, wasthe only app created with scientific or clinical headache
expertise and is available for Can $4.99. The app records al
clinically relevant variableswithout recording other nonessential
information, making it easy to use with fast datainput. However,
it has not been formally tested for feasibility or psychometric
properties and the in-app reports are in plain text format that
can be difficult to interpret. The app developed by
ecoTouchMedia for iOS, ecoHeadache, is available for Can
$1.99. While it offers good levels of customization, it tracks
significantly more information than what has been defined as
essential. This app can track 13 headache variables and can
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generate 24 chart reports, in addition to customizable reports.
Headache Diary Pro, developed for Android by Froggyware,
costs Can $2.99 but was not rated as usable as were the 2 other
apps mentioned above. However, it was the highest rated
Android offering.

Recommendations and Future Directions

A long-term strategy is needed to begin offering validated
evidence-based medical apps to the general population. As a
first step it is essentia to disseminate the state of the current
apps to headache sufferers and their health care professionals.
Currently, this can be done through educating health care
professionals on the existing app environment, allowing them
toinform patients. In addition, findings can be distributed using
socia media to educate consumers on the quality of existing
apps. Given the fast-growing number of medical appsavailable,
it isnot realistic to propose regulating the full marketplace. As
wdll, systematic reviews such asthiswill become more complex
asthe number of appsincreases, especially taking into account
the rate at which apps are being devel oped and upgraded.

We recommend that headache experts and the research
community partner with app developers to test high-quality,
popular apps currently availableto consumers. Another solution
would be giving devel opers the opportunity to have their apps
evaluated by an independent third party organization with
mobile health expertise. There are current initiatives moving in
thisdirection, for example, the National Health Service (NHS)
in the United Kingdom has begun reviewing medical apps and
currently offersagrowing list of approved appsonline[28]. In
addition, the United States Food and Drug Administration (FDA)
recently released its recommendations for medical apps [29].
The FDA will regulate only those apps that can be used as an
accessory to regulate amedical device (eg, an app that controls
the delivery of insulin through a pump), or those apps that are
similar to currently regulated medical devices, by transforming
amobile platform into amedical device using attachments (eg,
attachment of electrocardiograph electrodes to a mobile
platform).

We have evaluated the apps taking into account current
knowledge. However, it is critical for apps to advance aong
with research, which will require continual updatesto the apps
to satisfy the newest developments and discoveries.

We intend to work toward filling the gaps identified in this
review. We are currently developing the Wireless Headache
Intervention (WHI) diary app called myWHI. ThemyWHI diary
is designed to meet al 7 app criteria. It has been developed
using a participatory design process involving both headache
sufferers and headache experts [30]. The app has been shown
to be usable and feasible and we are currently testing its
psychometric properties [31]. The myWHI diary has been
designed to be used as a stand-al one app and will also be offered
aspart of an online comprehensive cognitive behavioral therapy
(CBT) intervention for chronic headaches.

Hundert et al

Strengthsand Limitations

Information on pain apps (including headache diaries) hasbeen
synthesized in apreviousreview by Rosser and Eccleston [16].
The app evaluation in Rosser and Eccleston’s review, along
with other app reviews [32,33], was limited to the app
descriptions, without downloading the apps. The authors of the
current review found that the app description can insufficiently,
and sometimes incorrectly, describe the app function. In this
review, the authors downloaded and used all of the existing
headache diary apps for a more comprehensive evaluation.

The scope of the review was limited to the English-language
apps available in the Canadian app stores, and looked only at
the 2 most popular platforms. Different apps may be available
in other countries, and other apps may exist on less popular
platforms. This review focused on mobile apps, and did not
consider e-diaries available only as general websites. The
authorsfocused on mobile diary apps becausethey are portable,
which is key for a self-monitoring tool, allowing users to use
them on the go. Thisin turn may facilitate increased adherence
[34,35]. However, the devel opment and sustai nability of mobile
apps may be more economically expensive, especialy when
apps must be developed for multiple platforms [36].

The app evaluation method had several limitations. First, the
method for evaluating the quality of these apps was devel oped
by the authors and the criteria have not been validated. Second,
the app criteriawere each given equal weight in evaluating the
apps, despite the fact that some criteriamight be more significant
than others in terms of the effectiveness of the app. Third, we
made the assumption that the more app criteria met, the higher
the app quality, but this may not be the case. Fourth, when
reaching aconsensus on the most relevant clinical variablesthat
should be collected by a headache diary, only scientific or
clinica experts were used—headache sufferers were not
consulted and may have suggested other relevant variables.
Fifth, in determining if the app was created with headache
expertise the authors were limited to the information made
available to them in the app store description and devel oper
websites, and these descriptions can be of poor quality. Finally,
the literature search seeking to identify formal feasibility or
psychometric testing of the apps could not confirm that this
type of testing had not occurred, only that it has not been
published.

The limitations to this review reflect limitations and concerns
with the medical app market in general. It isan emerging field
lacking quality standards with poor transparency in the app
development process.

Conclusions

In summary, although a proliferation of headache diary apps
exists, the majority do not meet reasonable quality standards.
More emphasis on the quality of these tools is needed as they
are easily accessed and used by the general population, often
for self-managing health conditions. The demand remains for
a high-quality, evidence-based headache diary app.
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Abstract

Background: Alzheimer's disease (AD) is an irreversible brain disease that slowly destroys memory and thinking skills, and
eventually the ability to carry out the simplest daily tasks. Recent studies showed that people with AD might actually benefit
from physical exercises and rehabilitation processes. Studies show that rehabilitation would also add value in making the day for
anindividual with AD alittle lessfoggy, frustrating, isolated, and stressful for as long as possible.

Objective: The focus of our work was to explore the use of modern mobile technology to enable people with AD to improve
their abilities to perform activities of daily living, and hence to promote independence and participation in social activities. Our
work also aimed at reducing the burden on caregivers by increasing the AD patients sense of competence and ability to handle
behavior problems.

Methods: We developed ADcope, an integrated app that includes several modules that targeted individuals with AD, using
mobile devices. We have devel oped two different user interfaces: text-based and graphic-based. To evaluate the usability of the
app, 10 participants with early stages of AD were asked to run the two user interfaces of the spaced retrieval memory exercise
using a tablet mobile device.

Results:. We selected 10 participants with early stages of AD (average age: 75 years; 6/10, 60% males, 4/10, 40% females).
The average elapsed time per question between the text-based task (14.04 seconds) and the graphic-based task (12.89 seconds)
was significantly different (P=.047). There was also a significant difference (P<.001) between the average correct answer score
between the text-based task (7.60/10) and the graphic-based task (8.30/10), and between the text-based task (31.50/100) and the
graphic-based task (27.20/100; P<.001). Correlation analysis for the graphic-based task showed that the average elapsed time
per question and the workload score were negatively correlated (-.93, and -.79, respectively) to the participants' performance
(P<.001 and P=.006, respectively).

Conclusions: We found that people with early stages of AD used mobile devices successfully without any prior experiencein
using such devices. Participants’ measured workload scores were low and posttask satisfaction in fulfilling the required task was
conceivable. Results indicate better performance, less workload, and better response time for the graphic-based task compared
with the text-based task.

(IMIR mHealth uHealth 2014;2(3):e31) doi:10.2196/mhealth.3136
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Alzheimer disease; Alzheimer disease rehabilitation; spaced retrieval exercise; usability study; mobile human computer interaction
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Introduction

Background

Alzheimer's disease (AD) is an irreversible brain disease that
dowly destroys memory and thinking skills, and eventually the
ability to carry out the simplest daily tasks. Currently, thereis
no cure for the disease, which worsens as it progresses, and
eventually leadsto death. The Alzheimer's Association estimates
that 1 in 8 older Americans is living with AD totaling
approximately 5 million Americans [1].

AD isthe most common cause of dementiaamong ol der people.
Dementiaisthelossof cognitive functioning including thinking,
remembering, and reasoning and theloss of behavioral abilities,
to such an extent that it interferes with a person's daily life and
activities. Dementia ranges in severity from the mildest stage,
when it isjust beginning to affect a person's functioning, to the
most severe stage, when the person must depend completely on
othersfor basic activities of daily living [2].

Health care professionals have tended to overlook the needs
and the requirements of Alzheimer's individuals for physical
exercises and activity programs. Because of the memory
retention problems, many health care professionalsfeel that the
majority of persons with AD have little, if any, rehabilitation
potential. Besidesretention problems, many cliniciansalso take
the "they're just going to get worse anyway" approach in their
clinical decision making [3].

Recent studies[ 3] have shown that peoplewith AD may actually
benefit from physical exercises and rehabilitation processes.
Studies showed that rehabilitation would also add vaue in
making the day for an individual with AD a little less foggy,
frustrating, isolated, and stressful for as long as possible. In
addition, rehabilitation helps the individual with AD on living
as fully as possible with whatever time he has. In general,
rehabilitation isabout the quality of life; it addslifeto theyears,
not more yearsto thelife.

For individualswith AD, rehabilitation should focus on people's
abilities, rather than their disability. The goal isto maintain as
highaquality of lifeaspossiblefor aslong aspossible[3]. This
may help to enhance people's ability to take part in meaningful
activities within their environment and enjoy family events.

In recent years, mobile devices have improved rapidly in
processing power, embedded sensors, storage capacity, and
network data rates. Mobile devices today have evolved from
merely being phones or simple personal digital assistances to
full-fledged computing, sensing, and communication devices.
These advances in mobile device technology have paved the
way for exciting new apps. Mobile devices can be used as
medical devices for measuring blood pressure, measuring
glucoselevels, performing portabl e ultrasounds, and even testing
for sexually transmitted diseases.

In previous research [4], we have focused on developing
ADcope, an integrated app that includes several modules that
target individuals with AD, using mobile devices. The goa for
ADcopeisto maximize the patients' remaining capabilitiesand
avoid excess disability, improving their overall quality of life.

http://mhealth.jmir.org/2014/3/e31/
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In this paper, we focus on the usability aspects of ADcope.
Specifically, we studied the usability of the Spaced Retrieval
Exercise module on agroup of people who are diagnosed with
early stage AD.

Approach

AD iscurrently anincurable disease and worsens progressively.
Our approach in dealing with this disease focuses on two
aspects:. finding ways to help the patient cope with the disease,
and slowing down the pace of decline in quality of life as the
disease worsens. A combination of advanced mobile devices
equipped with near field communication (NFC) and NFC tags
will be used to meet the challenges of the two focus areas.
Mobile devices running the Google Android operating system
(OS) have been salected because currently, many mobile devices
supporting NFC are running the Android OS.

General Requirementsin Dealing With AD Patients

Our approach was based on general standards recommended
when dealing with people with dementia[3]. Thisincludes: (1)
using simple language when interacting with AD patients; (2)
repeating instructions severa times; (3) instructions should be
broken into simple steps and given one at atime; (4) alow the
AD patient ample of time to respond or react; and (5) all
messages should be as short as possible.

Helping the Patient Cope With the Disease

Since AD is not a curable disease, our approach focused on
maintaining the highest possible quality of life of AD patients.
An app, named ADcope, with several modules was devel oped
on mobile devices to support this approach [4]. Figure 1L is a
block diagram of the app showing the modules and mobile
device interfaces. The app and its modules were designed to
help the patient in many aspects of the daily life. The continuous
interaction of the patient with the mobile device as he moves
through his daily life ensures that the patient does not forget
about using the mobile device. In addition, ADcope provides
an option to remind the AD patient to use the mobile device.

Thefirst module isamemory wallet, as suggested by Bourgois
et a [5]. They suggested the use of awallet that contained 30
pictures and sentences about familiar persons, places, and events.
The patients managed to learn to use the wall et to improve their
conversations by making more accurate factual statements. The
module allows the user to take photos of the familiar people,
places, and events. The patient is then given achanceto tag the
photoswith phrasesthat reminds him of the subject of the photo.
Photos of people can aso be tagged with voice samples of the
person in the photo. The patient can go back to the wallet as
frequently as needed to be reminded of these people, places,
and events. The memory wallet aso use the tagged voice
samplesto automatically play back the photo and tagged phrases
anytime the voices in the background match the tagged voice
samples helping the patient to refer to the wallet to instantly get
help on recognizing the people around him without having to
sift through the wallet.

The second module is a calendar with reminders of al daily
activities that need to be performed. The events can refer to
information in the memory wallet such as photos to help the
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patient recognize the person he needs to talk to or the place he
needs to go. The calendar also includes the recurring event to
review the memory wallet.

The third module uses NFC tags that are placed on various
things, including drawers and doors. Asthe person touchesthese

Figure 1. ADcope modules and interfaces.

Zmily et d

with the mobile device, the mobile device displays a list of
content of the drawer or room. This saves the person from
having to open them for inspection when looking for something.
This can also be used by a new caretaker to facilitate fetching
items requested or needed by the patient since they may not
have prior knowledge of how things are arranged.

™~
4 Smartphone
ADcope Application Phone Interfaces
.
Quality of Life Memory Exercise Support Modules
Improvement Modules Near Field
Communication (NFC)
Memory Wallet
Module Audio Assisted
Memory Training setup
Voice Recording &
Playback
Calender
Spaced Retrieval Voice Recognition
- o .
NEC Enclosure Exercise Training Photo Camera
Content Tagging
/ 4
. /

Exercising the Patients Memory

Although AD is an incurable disease, some memory exercises
may help in retaining critical information longer. Researchers
have identified several exercises and training techniques that
patients with dementia should perform periodically. The
exercisesinclude Audio Assisted Memory Training asidentified
by Arkin [6] and Spaced Retrieval, which was first described
by Landauer and Bjork in 1978 [7]. In Audio Assisted Memory
Training an audiocassette recorder was used to playback
narratives of biographical information then interactive quizzes
are performed to exercise the retrieval process. Thistechnique
has resulted in substantial learning with most patients. The
Spaced Retrieval exercises are based on asking a questions and
requiring an immediate response. The questions are then
repeatedly asked with the time between each repetition
systematically lengthened until the patient demonstrates the
ability torecall information in everyday life. Thistechnique has
been increasingly used with AD patients to teach important
information and skills needed to improve daily life.

These exercises have been integrated into the ADcope app as
separate modules. The Audio Assisted Memory Training module
replicates the audiocassette recorder approach by playing back
audio files of the biographical information and quizzing the
patient regarding theinformation. Thetargeted answersare very
short and mostly consist of one or two words. The simplicity
of the answersiis critical for successful exercises based on the
general recommendations when dealing with AD patients. The
simplicity of the answers aso enables the use of voice
recognition techniques to automatically validate correctness of
responses.

http://mhealth.jmir.org/2014/3/e31/

The Spaced Retrieval exercise module has been designed to
executein two phases: an assessment phase and atraining phase.
During the assessment phase, the current memory recall ability
is assessed by presenting a piece of information, and then the
patient is quizzed about it at alater time. If the recall fails, the
information is reiterated, and quiz repeated again later. The
length of time between quizzesis reduced until memory recall
is successful. The final duration between information
presentation and successful recall is stored asthe basisfor initial
duration in future training. The second phase is the training
phase in which the module follows the Spaced Retrieval
recommendationsfor training recall of information. Themodule
startswith the duration of time between information presentation
and quizzing as determined in the first phase and the length of
time between information presentation and quizzing is
lengthened with every successful retrieval and maintained with
every failure.

Supporting Modules

The modules described in the previous sections require
substantial setup and training. The ADcope app includes a setup
module, which will guide the caregiver (or patient if heis able
to) through all of the setup steps, which is outlined in Textbox
1.

The app needs to be able to recognize voices and match voice
replies with correct answers. The ADcope app includes a
separate module for training the voice recognizer. The module
displays words and asks the patient to read them. A spectral
analysis is then done on the words and stored for future voice
recognition.
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Textbox 1. ADcope setup module.

Recording audio files of biographical data: the user is asked to narrate the desired biographical phrases and signal the termination of recording.
The user can record several audio files that are randomly played back in the Audio Assisted Memory Training module.

Recording of biographical quiz questions and answers: the user is repeatedly asked for questions that are recorded. After each question, the user
is asked to type in the correct answer. The answers are currently limited to numbers (such as age, year, and quantities) or single words due to the
limitation of the voice recognition libraries used in the development of the app.

Spaced retrieval exercises. the ADcope app has some built-in spaced retrieval exercises based on general knowledge facts. However, the setup
module allows the user to add additiona fact-question pairs. The user also has the option to setup the Spaced Retrieval module to exclusively
use the user-added facts.

Memory Wallet initialization: the user is asked to take photos of people, places and events and type in aword or a phrase for each one. The user
can also optionally tag the photo with a voice sample of the person in the photo. The user is allowed to defer this part of the setup to later and
build the memory wallet as he meets people or visits places.

NFC tagging: The user is asked to enter a note that describes the item being tagged. For example, this could be contents of drawers. The user is
then asked to place the smartphone next to the tag and the ADcope app uses the internal NFC writer of the smartphone to write the information

to the tag.

o Cdendar: Inthelast step of the setup procedure. The user is asked to enter recurring calendar event with optional photos for each event.

Methods

Study Scope

In this study, we evaluate the usability of the proposed ADcope
app. Specifically our main objective isto evaluate the usability
of the Spaced Retrieval exercise. Thefollowing section describes
in details the selected participants, apparatus, study procedure,
and the collected measures.

Participants

The participants considered in the study were volunteers from
Darat Samir Shamma, a senior residential care facility and
housing located in Amman, Jordan. The participants were
primarily seniors, with early stages of AD. It is important to
note that finding participants with early stages of AD was very
challenging. Ten participants were asked to perform the Spaced
Retrieval exercise on a tablet device while sitting in a room

http://mhealth.jmir.org/2014/3/e31/

(NCT02005380). The mean age of the participantswas 75 years
and the SD was 9.6. Basic demographic characteristics were
recorded for each participant. Table 1 summarizes the
demographic factors for the participants' age, mobile device
ownership, mobile device usage frequency, and familiarity with
tablets along with their current ability of using mobile devices.

Asshownin Table 1, most of the participantsin this study were
not frequent handheld mobile devices users and had no
familiarity with tablets. However, the experimental tasks
performed on the tablet device were designed in which prior
experience with handheld mobile devices or tablets was not
required. Additionally, all participantswereinitially acquainted
and instructed on performing the experiment goals and tasks.
Tasks were designed with minimal input needed to accomplish
the exercise. Each participant had been assigned to perform the
same set of tasks on atablet device while sitting at atable.
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Table 1. Participants demographics summary (N=10).

Zmily et d

Characteristics

Age, years
Average
SD
Gender, n (%)
Male
Female

Handheld mobile device owner? n (%)
Current
Never

Handheld mobile device use frequency, n (%)
>1/day
lday
<1/day

Familiarity with tablets, n (%)
Yes

No

75.1
9.6

6 (60)
4 (40)

7(70)
3(30)

4 (40)
3(30)
3(30)

3(30)
7(70)

Apparatus

Seven-inch Samsung Galaxy Tab 2 devices running Android
OS were used in this study. The app was developed using the
Android software development kit (SDK). The app kept alog
of participants' response times, total time of each trial, and the
total time for each participant to complete his/her overall task.
At the beginning of each experiment, participants were briefed
about the goal of the study and instructions on how to use the
device and run the app to complete the required task. Upon
completion of thetrials, participants were requested tofill ina
posttask questionnaire to rate the performed task degree of
difficulty along with the National Aeronautics and Space
Administration task load index (NASA-TLX) workload
assessment [8].

NASA-TLX [8] is a subjective workload assessment tool that
allows users to perform subjective workload assessments on
operators working with various human-machine systems.
NASA-TLX isamultidimensional rating procedure that derives
an overall workload score based on a weighted average of
ratings on six subscales. These subscales include mental
demands, physical demands, temporal demands, own
performance, effort, and frustration.

Procedure

As described in the Approach Section, the Spaced Retrieval
exercise has been designed to execute in two phases; an
assessment phase and a training phase. During the assessment
phase, the current memory recall ability is assessed by
presenting apiece of information, and then the patient is quizzed
about it a a later time. If the recall fails, the information is
reiterated, and the quiz is repeated again later. The length of
time between quizzes is reduced until memory recal is
successful. Thefinal duration between information presentation

http://mhealth.jmir.org/2014/3/e31/

and successful recal is stored as the basis for initial duration
in future training.

In the assessment phase of our developed spaced retrieval
exercise, one sentence piece of information along with a text
button at the bottom of the screen labeled “tap the screen to
continue” was displayed on the tablet's screen. Participants
were instructed not to move onto the question until they felt
they had known the content of the presented information. When
the participant taps on the screen, the sentence disappears and
aquestion with four choicesrelated to the previously presented
sentence appears on the screen after some delay. The delay was
initially set to 90 seconds at the first trial. Once the participant
taps on the screen, she was not allowed to go back to the
passage. If the participant taps on the correct answer, the time
space between the presented information and the related question
for the next trial wasincreased by 10 seconds. If the participant
taps on the wrong answer or fails to answer within 60 seconds,
the same informati on was represented again and the time space
was decreased by 10 seconds for the next trial. The assessment
phase was limited to 10 different questions or 30 minutes of
time. The delay time between the presented piece information
and the display of the question for the last trial was used for the
training phase of the program and was referred to as the recall
time for the participant.

The second phase was the training phase, in which the same
procedure as the assessment phase was repeated where one
sentence piece of information was presented followed by a
question with four different choices. The recall time logged at
the end of the assessment phase is used for the duration of time
between information presentation and quizzing. The length of
time between information presentation and quizzing is
lengthened with every successful answer and maintained with
every wrong answer. Once the participant selects a correct
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answer, afeedback appearsfor 5 seconds on the screen, which
read "correct answer" before moving to the next question. If the
selected answer was incorrect a "wrong answer" feedback
appeared on the screen for 5 seconds before repeating the same
information for the failed trial. The training phase for our
experiment was limited to 10 questions. Upon successfully
completing al of thetrials, afeedback appears at the bottom of
the page, which read "well done, task completed.”

The ADcope Spaced Retrieval exercise offers two types of
quizzes: text-based and graphic-based scenarios. In this study,
participants performed both of the two scenarios.

Task 1: Text-Based Spaced Retrieval

In this scenario, a one sentence piece of information was
displayed on the tablet’s screen. The sentence was composed
of 5to 9 long words. After a delay, a question related to the

Figure 2. Screenshots of the text-based spaced retrieval exercise.

- =
1@ Memory2 H

The 1988 summer
Olympics were held in
Seoul.

Please tap on the
screen to continue.

2033 T« @

Zmily et d

previously presented sentence appears on the screen with four
choices. Each of the answer choices consists of 1 to 2 words.
The questions were general knowledge questions in sports,
history, geography, and movies. Both of the assessment phase
and training phase consist of 10 different questions each. The
same presented sentences order along with the same multiple
choices were used for all participants. A screenshot of one of
the presented information and the multiple-choice question
screens are shown in Figure 2.

As some of the participants in our study have difficulties in
reading text, we have used text to speech Android SDK to read
the information, the questions, and the associated
multiple-choices aloud. The developed app also supports two
languages: English and Arabic. Participants were instructed to
use their preferred language.

- .
1@ Memory2 :

Where were the 1988
Summer Olympics
Held?

Madrid
Paris
Seoul
London

2034 FTH

Task 2: Graphic-Based Spaced Retrieval

In this scenario, a shape or image was displayed on the tablet’s
screen followed by afour multiple-choice images of which one
matched the earlier presented image. The questionswere created
using simple geometrical shapes, flags, and traffic signs. The
same 10 presented images order along with the 40 multiple
choices were used for all participants. A screenshot of one of

http://mhealth.jmir.org/2014/3/e31/

the presented information and the multiple-choice question
screens are shown in Figure 3.

Experimental Measures

The recorded measures during the experiments are presented
in Table 2. The measures are divided into objective and
subjective measures and presented in Textbox 2.
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Table 2. Collected measures.

Measure Description

Average responsetime  The elapsed time between the question presentation and the participant selection of one of the answer choices.

Averageelapsedtime  The average elapsed time for answering presented question, excluding the recall delay time.
per question

Correct answer score  Percentage of questions answered correctly from thefirst trial.

Posttask questionnaire  Participants’ feedback related to his’her overall satisfaction in fulfilling the required task (between 0 and 7).
score

NASA-TLX?score The overall NASA-TLX subjective workload score (between 0 and 100).

8\ ational Aeronautics and Space Administration task load index.

Textbox 2. Objective and subjective experimental measures.

The objective measures are:

«  The average response time: the elapsed time between the question presentation and the participant selection of one of the answer choices. It
measures the average time it takes the participant to comprehend the question and select one of the four multiple-choice answers.

«  Average elapsed time per question: the average elapsed time for answering presented question excluding the recall delay time. This measures
the average time it takes the participant to successfully answer the question correctly excluding the delay between information presentation and
quizzing.

Correct answer score: measures the percentage of questions answered correctly by the participants from the first trial.

The subjective measures are:

«  Post task questionnaire score: measure the participants’ feedback related to his’her overall satisfaction in fulfilling the required task.

o NASA-TLX: measures the overall participants workload score in fulfilling the required task.
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Figure 3. Screenshots of the graphic-based spaced retrieval exercise.

Results

Table 3 presents the mean, minimum, maximum, and standard
deviation for the average response time, average elapsed time
per question, correct answer score, posttask questionnaire score,
and NASA-TLX score for both the text-based and the
graphic-based exercises. The mean average response time and
the mean average elapsed time per question for the text-based
task are higher than the graphic-based task (14.04 and 53.81 vs
12.89 and 34.84 seconds, respectively). Participants also scored
higher correct answers with the graphic-based task compared
with the text-based task (8.30/10.00 and 7.60/10.00,
respectively). The mean values for the posttask questionnaire
score for both of the text-based and graphic-based tasks were

http://mhealth.jmir.org/2014/3/e31/
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high (5.8/7.00 and 6.00/7.00, respectively) indicating that
participants were satisfied in completing their two tasks
successfully. The mean values for the NASA-TLX scores for
both the text-based and graphic-based are relatively low
(31.5/100 and 27.2/100, respectively) indicating that the two
tasks require low workload.

To investigate the between-groups (text-based and
graphic-based) difference, analysis of variance (ANOVA) test
was conducted (Table 3). The results indicate significant
differences between text-based and graphic-based tasks for
average elapsed time per question (P=.047) and posttask
questionnaire score (P=.02). Theresults also indicate significant
differences between text-based and graphic-based tasks for
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average responsetime (P=.001), correct answer score (P<.001), and NASA-TLX (P<.001).
Table 3. Results compariosn between text- and graphic-based experiements.
Measure Mean Minimum Maximum sb F P
Average responsetime 23.94 .001
Text-based 14.04 6.60 20.50 4.98
Graphic-based 12.89 5.90 19.50 4.49
Aver age elapsed time per question 5.48 .047
Text-based 53.81 9.30 186.00 54.67
Graphic-based 34.84 9.30 82.50 25.21
Correct answer score 26.87 <.001
Text-based 7.60 4.00 10.00 2.32
Graphic-based 8.30 6.00 10.00 1.70
Posttask questionnaire score 7.69 .02
Text-based 5.80 4.50 7.00 0.89
Graphic-based 6.00 4.50 7.00 1.03
NASA-TLX & 104.44 <.001
Text-based 31.50 10.00 48.00 14.77
Graphic-based 27.20 10.00 40.00 10.64

3N ational Aeronautics and Space Administration task load index

In order to investigate the rel ationship between the experimental
measures and the participants' performance in fulfilling their
required task successfully, correlation analyses were run among
all pairs of the experimental measures. The correlation results
are shown in Table 4 for the text- and graphic-based tasks. The
correlation between the posttask questionnaire and the
participants performance in fulfilling the required task
successfully did not identify any significance. For the text-based
task, the average response time is negatively correlated (-.84)

Table4. Correlation analysis for the text- and graphic-based tasks.

to participants performance and significant (P=.002). Similarly,
the average el apsed time per question and the NASA-TL X score
are negatively correlated (-.72 and -.66, respectively) to
participants' performance and significant (P=.02 and P=.04,
respectively). For the graphic-based task, the average response
time, average el apsed time per question, and NASA-TL X score
are negatively correlated (-.78, —.93, and —.79, respectively) to
the participants’ performance and significant (P=.008, P<.001,
and P=.006, respectively).

Measure Correlation value P
Text-based task
Average response time -.84 .002
Average elapsed time per question =72 .02
NASA-TLX? -.66 .04
Graphic-based task
Average response time -.78 .008
Average elapsed time per question -.93 <.001
NASA-TLX? -79 .006

@\ ational Aeronautics and Space Administration task load index

Discussion

Principal Findings

Our study showed that patients with early stages AD could use
mobile devices successfully without any prior experience.
Participants were able to comprehend, recognize, and recall

http://mhealth.jmir.org/2014/3/e31/

RenderX

information from our mobile app ADcope, and performed better
in the graphic-based tasks compared to text-based tasks with a
lower response time. The workload for completing these tasks
was low, and participants were satisfied in completing the tasks
successfully based on the posttask questionnaire scores. These
are good indications for the app, as Yurko et al [9] showed that
increased workload during task performance may increase
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fatigue and facilitate errors, which could affect the app’s overall
effectiveness.

Comparison With Prior Work

Many researchers have focused on using mobile devices and
socia networksfor monitoring elderly patients by relativesand
health professionals [10-12]. Chan et a [13] investigated the
use of smart homes for elderly where intelligent devices
including sensors and assi stive robotics areimplanted into their
homes for continuous mobility assistance and nonobtrusive
disease prevention.

Some researchers proposed various devicesto help AD patients
to cope with the symptoms. Imbeault et al [14] proposed using
an electronic organizer to help individualswith AD to organize
their daily activities. Tapus [15] suggested using socialy
assistive robotic system that aims to provide a customized
protocol  through  motivation, encouragement, and
companionship for users suffering from cognitive changes
related to aging and/or AD.

Bouchard et a [16] proposed guidelines for designing and
implementing effective serious games targeting Alzheimer's
patients. The suggested guidelinesinclude designing appropriate
interaction mechanisms for cognitively impaired people,
implementing artificial intelligence for providing adequate
assistive prompting and dynamic difficulty adjustments, and
producing effective visual and auditory assets to maximize
cognitive training.

Lim et al [17] explored the usability of tablet computers within
the early-stage dementia context asasource of leisurefor people
with dementia. The authors' results indicated that one-half the
participants with dementia were able to engage with and use
the tablet computer independently, which proved to be helpful
to their caretakers.

Zmily et d

Much research hasfocused on usability studies of devices, apps,
and gamesthat are targeting Alzheimer’s patients. Boulay et al
[18] conducted a usability study of MINWii, a music therapy
gamefor patient suffering from mild to moderately severe AD.
The authors demonstrated that patients were satisfied with the
game and expressed a desire to repeat the experience. Granata
et a [19] completed a usability testing of the graphical user
interfacefor robot servicefor elderly with cognitiveimpairment.
The authors concluded despite that cognitive profile, age, and
computer experience were found to impact task performance,
theinterfaces and contents of the services assessed were usable
by older adults with cognitive impairment. Nugent et a [20]
carried a usability study for mobile phone-based video
reminding system along with a qualitative collection of pre-
and postevaluation questionnaires. The authors suggested that
caretakers played a significant role in terms of the success of
the solution and that an initial settling wasrequired before users
felt comfortable using the technol ogy.

Conclusions

AD isthe most common cause of dementiaamong ol der people
causing the loss of cognitive functioning including thinking,
remembering, and reasoning. Currently, thereisno curefor the
disease, which worsens as it progresses, and eventually leads
to death. In this paper, we have conducted usability study for
the spaced retrieval memory exercise using mobile devices on
10 participants with early stages of AD. We have found that
people with early stages of AD have been successfully able to
use the mobile device without having any prior experience in
using such devices. Participants’ measured workload was found
to below and posttask satisfactionin fulfilling the required task
has shown to be conceivable. Results also indicated better
performance, less workload, and better response time for the
graphic-based user interface compared with the text-based user
interface.
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