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Abstract

The elderly population is increasing and there is a need to provide care and safety at a high level with limited resources. New
socia alarm solutions may contribute to safety and independence for many elderly. However, it is important to understand the
needs within the user group. This work studied social alarms in a broad sense and from several user perspectives. In the first
study, social alarm use and its aspects were investigated. To understand where there may be problems and weaknesses, users,
caregivers, managers of municipalities, and personnel at alarm centerswereinterviewed. Theinterviews helped identify anumber
of problems. For municipalities, the processes of procuring new alarms and managing their organization were found to be compl ex.
The effect of thiswas that the same socia alarm systems had been ordered over and over again without taking into account new
user needs or new technical solutions. For alarm users, one large problem was that the alarms had very limited reach and were
designed for indoor use only. This has resulted in users hesitating to leave their homes, which in turn has negative effects due to
lack of physical activity and fewer social contacts. One important result from the first study was the need for a social alarm
solution that worked outdoors. In a second study, needs regarding outdoor social alarms were investigated. The results from this
study showed that wearable outdoor alarms must be easy to use, provide communication, and be well designed. Finally, these
alarms must work both indoors and outdoors, and the user should not have to worry about where he/sheis or who is acting on an
alarm.

(JMIR Mhealth Uhealth 2014;2(1):€9) doi:10.2196/mheslth.2730

KEYWORDS
health services for the aged; technology; man-machine systems; computer communication networks; caregivers; socia aarm;
security; safety

: the alarm button until home care staff arrives, must constantly
Introduction operate. If it fails once, then thefeeling of being safeislost [1].
Safety To discover critical aspects, it is important to get an overall

view of the social alarm area, especially the alarm system chain.
It isimportant to understand how the alarm holder experiences
security and how it might be affected by different circumstances.

The elderly population isincreasing and there will beagrowing
number of elderly living in their own homes. To be ableto live
an independent and active life with socia interaction, elderly

people need to feel safe both indoors and outdoors. Oneway to  Indoor Alarm

increase the feeling of safety for them isthrough socia alarms.
A variety of alarms exists, both for indoor and outdoor use.

The feeling of being safe is very complex and can be viewed
from many perspectives. Socia alarm systems are very fragile
because the entire chain, from when an alarm holder presses

http://mhealth.jmir.org/2014/1/e9/
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A social alarm (Figure 1) isan alarm device that isinstalled in
a user's home and makes it possible for a user to call for help
in urgent situations, such asif the person hasfalen. Theaarm
often consists of abase unit and care phone, whichisconnected
to the analogue telephone network or via the digita
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infrastructurein an apartment or house. An alarm button, which
isworn on a necklace or around the wrist, is connected to the
base unit. When auser pressesthe alarm button, asignal (alarm)
issent to an alarm receiver, home care staff, or arelative. Social
alarms also have a speech function at the base unit that makes
it possible for the person who raised the alarm to talk to the
alarm receiver.

In Sweden, social alarms are provided both to people living in
ordinary housing and in nursing homes. The municipalities
usualy provide social alarms. Traditional social alarms are
connected to an alarm center that forwards the alarm to the home
care or in some cases to arelative or neighbor.

The use of social alarms is similar in many countries. In the
United States, for example, social alarms are called personal
emergency response system (PERS) and are availablein almost
al parts of the country. There are both national and local
providers, including private companies, hospitals, and social
service agencies. PERS acts similarly to social alarms in
Sweden, but usually the alarm center contacts a neighbor or a
relative; it is the alarm holder who chooses which person to
cal.

Figurel. A social alarm — base unit and an alarm button.
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Regardless of differences in organization around the alarms,
the most important aspect isthe feeling of being safe. In severa
studies from the United States, Porter et a [2,3] showed that
the userswanted PERSto fedl safe, knowing they would receive
help if anything should happen. In England, research regarding
alarms and safety has provided the sameresult, that is, increased
quality of lifeand increased opportunitiesfor safeliving [4]. In
Sweden, Lindén [5] conducted a study in which the aim wasto
investigate seniors experiences and perceptions of socia alarms.
This study reported similar results as previous studies and also
showed that social alarms have become a part of users' daily
lives and not perceived as an intrusion or something negative.

For the elderly, it is important to feel safe in their homes.
According to the results from the described studies, the elderly
usualy felt safe in the home when they had a social alarm.
However, there is also a need for the elderly to be more active
and feel safe outdoors as well. Because of this, we wanted to
go one step further and investigate needs and implications for
the use of outdoor alarms.

oy
e - o8

Outdoor Alarm

Traditional social alarms only work in a home environment.
For this reason, older people hesitate to leave their homes
because they do not feel safe. This was shown in a study by
Bostrom et al [6], which showed that social alarms could create
a feeling of insecurity rather than security, and that it could
restrict the elderly from moving around free in society. The
elderly felt that they did not dare go out becausethe social larm
only had areach within the house or just around the house. This
led to limited integration into society and less social interaction.
Physical activity and socia contacts are important for health
and disease prevention. An outdoor alarm could help peopleto
feel safe even when outdoors, and thereby enable them to have
an active life with better health and improved quality of life.

http://mhealth.jmir.org/2014/1/e9/

RenderX

Taylor et a [7,8] have done severa studies within the social
alarm area or asthey call it “community alarm service” In one
of the surveys, changesto the social alarm were suggested. The
most frequent commentswere that the social alarm should send
acall for helpif the wearer falls and that it should work outside
the home. Taylor et a [7] presented a design list for the next
generation of the social alarm and the alarm button. One of the
design features was “long-range operation” which means that
the social alarm would work outside home and equipped with
aglobal positioning system (GPS) and mobile communications.

There are several outdoor alarms on the market that can locate
a person via GPS. This kind of social alarm enables an alarm
receiver to see where the person is located. With this service,
you can enter a geographic security zone for a person. When
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the person goes outside the zone, an alarm is sent to the alarm
receiver's mobile phoneto indicate the user's position. Relatives
can either call or seek the user at the given position if they
become anxious. This type of alarm can be used passively
(violation of the security zone as described above) and actively
by the use of an alarm button (which auser can pressto call for
assistance). These solutions can also have other functionalities
such as detecting falls or lack of action (a passive alarm that
sends alarm calls based on user actions or absence of those).
For example, within the project MyHealth@Age [9], amobile
phone-based solution that consisted of both active and passive
alarm functionality was developed.

One problem with outdoor alarms is that they are based on
different technologies than the indoor alarms and are not
integrated into the same alarm solution. A social alarm that can
handle both indoor and outdoor environmentsin the sameaarm
solution is something that both the elderly and their relatives
have requested [1]. However, these solutions are difficult to
find on the market. This meansthat aperson having atraditional
social alarm at home needs to bring another alarm with him or
her when he or she goes out. When it comesto alarms that can
be positioned, users can be anywhere when the alarmis set off.
This leads to challenges with respect to organization regarding
acting on alarms, because home care staff usually only come
and assist when the alarm holder has alerted in his or her home
with atraditional social alarm.

Needs and Challengesin the Social Alarm Area

The social adarm area has a strong tradition regarding
functionality and design. In recent years, however, the area
started to undergo changes that involved both challenges and
opportunities. One challenge is, for example, the replacement
of the analogue network with a digital infrastructure. Sweden
has reached far within the digital social alarm areain terms of
the development of alarms, the use of the digital infrastructure
for the alarms, and management of the alarm solutions. We will
not describe this infrastructure and the implications for the
alarmsin this paper but it opensup new possibilitiesinthefield

http://mhealth.jmir.org/2014/1/e9/
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of social alarms that can be helpful to meet user needs in the
future.

Two studies are presented in this paper. To understand how the
future alarm area should work, it is important to address the
social alarm areain abroad sense and from several perspectives.
In the first study, we investigated needs and attitudes among
al relevant stakeholders. The study also examined the
interaction between the stakeholders and how the entire alarm
chain worked. From the alarm holder's perspective, needs and
attitudes toward safety were investigated. The method we used
addressed user needs in an explorative way and from a broad
perspective.

Based on the results from the first study, which showed a need
for increased mobility, the next step was to investigate user
needs with respect to alarms that work outdoors. There are
challenges that need to be addressed to meet the needs and to
find solutionsto the organization around outdoor social alarms.

Social alarms work similarly in the rest of Europe and in the
United States[10]. Results and conclusions presented here could
also berelevant in other countries.

The aim with this work was to understand how social alarms
were used, and identify shortcomings and how the users
experienced safety. Further, this paper addresses future
functionality and better design. We provide suggestions for
requirementsto be met in futureindoor and outdoor social alarm
solutions.

Study 1: Indoor Alarms and User Needs

Objective

In this study, the objective was to investigate the use of the
alarms and the alarm chain (Figure 2) from a user perspective.
It was important to obtain a view of the social aarm
processes—from procurement to when an alarm holder presses
the aarm button until home care staff visits the alarm holder
and assists—to understand what might affect/increase security.

IMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1|e9 | p.5
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Figure2. The Alarm Chain - it starts when an alarm holder presses the alarm button and ends when staff from home care visits the alarm holder.
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the alarm button.
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Method

Overview

This study was divided into two phases, which were conducted
sequentialy. In the first phase, we started with an overview of
the systems and investigated existing alarm solutions from a
user perspective. Finally, previous purchases made by
municipalities were studied.

In the second phase, four municipalities participated. It was
important to understand attitudes toward the alarms and how
they were used. Further, we wanted to understand the
organization around the social alarms, and how this differed
between urban and rural areas. Open-ended interviews with
senior users and with staff from the municipalities were
conducted. The process of procurement and the requirements
around the social alarm were investigated by interviews with
responsible personnel. During the interviews, the researchers
took notes. A qualitative analysis was conducted based on a
grounded theory approach [11].

Phase 1

To begin, a comparison was made of 15 procurements (from
municipalities in Sweden 2011) for social darms and alarm
receiving for ordinary housing.

Theam wasto get abetter understanding of the content in these
procurements so that we could develop relevant questions for
themunicipalities. In particular, we investigated to which extent
the focus was placed on users' needsin the procurements.

http://mhealth.jmir.org/2014/1/e9/
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An alarm operator contacts
the home care (staff) or a
relative according to an
alarm list.

In parallel, a survey was conducted to develop an overview of
the existing alarm solutions from a user perspective. Based on
these results, we could then take it a step further and highlight
weaknesses and what municipalities should consider when
procuring social alarms.

The entire chain (Figure 2) must constantly work. If it failsonce,
then the feeling of security is broken [1]. In our work, we
focused on use and user aspects of these processes. There are
several actors involved and there are complex processes with
respect to procuring new alarms and managing the organization
around them. To understand the social alarm area, key members
of the alarm chain were interviewed, including alarm users,
home care staff/managers, and operators at alarm center.

Phase 2

In this phase, thework was conducted as a collaboration between
SICS Swedish ICT and four municipalities in Sweden . The
municipalities were selected to reflect the social alarm field
from diverse needs and different circumstances (Figure 3).
Botkyrkais an urban municipality with challenges of different
needs based on many different cultures. Varmdo is both urban
municipality with its conditions, but also a rural municipality
because the municipality covers large parts of the archipelago
of Stockholm. Furthermore, Ornskéldsvik represents both rural
and smaller city. Pajala has participated as arural municipality
with special circumstances this means. Open-ended interviews
were used to understand how municipalities procured social
alarmsand to get an overall perspective of theaarm chain. One
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further purpose of the qualitative interviews wasto detect lesser
known phenomenaand propertiesin the social alarm area. Most
of the interviews were conducted at the municipality offices or
at the home care facilities. All interviews with staff in Pajala
municipality were conducted by telephone because of the
distance. Interviews with some of the elderly alarm holders (in
all municipalities) were conducted by telephone. Notes were
taken during the field studies.

In the study, both needs of users (of social alarm) and
requirements from municipalitieswereinvestigated. | nterviews
were used to understand how municipalities procure socia
alarmstoday and to get an overall perspective of thealarm chain.
The interviews were conducted with managers in the
municipalities, personnel at alarm centers, and alarm holders.
Furthermore, alarm usersin ordinary housing wereinterviewed.
Alarm operators and other personnel wereinterviewed at alarm
centers. Approximately 2-3 alarm holders, in each municipality,
1-2 heads of unit, staff members, and alarm operators were
interviewed. We had a contact person at each municipality who
arranged with participants for the interviews.

In 2 of the municipalities, some alarm holderswereinterviewed
in their homes. The interviews were conducted by telephone
and included open-ended questions that focused on the social
alarm (the aarm button and care phone/speakerphone),
situations when they alerted, if it was indicated that the alarm
had been sent away, and advantages/disadvantages with the
social alarm.

In al municipalities, the unit manager for home care (for the
elderly) was asked open-ended interview questions about how
social adarms were handled, procurement/purchasing, any
problems with social alarms, future prospects, etc.

Figure 3. Field studiesin four municipalities.

Sjolinder & Avatare N6u

Inal municipalities, the staff within home carewasinterviewed;
open-ended questions were about how they experienced the
social alarms and how it worked, how their job was, how the
alarm was received from the alarm center, and how the staff
acted when they received an alarm. It was important to know
how the staff thought that the management of the social alarm
system worked and how they felt it worked for alarm holders
to alert.

In 1 of the municipalities, alarm operators were interviewed at
themunicipality'sown alarm center. Thiswasarelatively small
alarm center, but the principle of how alarmswere received and
forwarded to responsible staff at the home care were the same.
Observations of the work were also conducted at the alarm
center.

In all municipalities, people who worked with the procurement
of social alarms were interviewed with open-ended questions.
The aim was also to gain a broader understanding of how they
defined the "shall requirements.” There were also questions
about the dialogue between the municipality and companies
within the social alarm area.

Because the aim of the project was to address the social alarm
field from a holistic perspective, it was important to interview
people with different responsibilities within the social aarm
process and users of the alarm. To understand what worked
well, what changes needed to be made, where there were
problems, lack of knowledge, etc, it was important to gain an
understanding of the whole process.

Theresults presented below are a summary of the most frequent
topics from the material.

Botkyrka municipality

» Suburb to Stockholm

+ 85000 citizens

» 800 social alarms

+ Connected to a large central
alarm centre

Varmdo municipality

* Municipality in the archipelago
(both rural and urban)

» 38 000 citizens

= 275 social alarms

» Connected to a large central
alarm centre

Ornskéldsviks municipality
» Small town and rural

+ 57000 citizens
* 1300 social alarms
* Local alarm centre

Pajala municipality

* Rural area

* 6000 citizens

* 144 social alarms

» Connected to a large central
alarm centre

Results and Conclusions

Some general observations based on the interviews with the
municipalities are highlighted here. It should be noted that all
4 municipalities that participated had similar problems and
shortcomings. The municipalities had inadequate knowledge
about the new technology inthe social alarm field. It was shown
that it was a complex process to procure social alarms and

http://mhealth.jmir.org/2014/1/e9/

extensive knowledge within the municipalities was required.
Three of the municipalities trusted the suppliers regarding
requirements on the alarms. For the municipalities, it was
difficult to know what products that exist on the market, and
difficult to know the needs of the users. As aresult, the same
social alarm systems were ordered repeatedly without taking
into account new user needs or new technical solutions. Two
of the municipalities said that they needed more knowledge
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about the new digital social alarms to procure socia alarms of
good quality. The other 2 municipalities had made more progress
in gaining knowledge about the new digital social alarms. One
of the municipalities had employed aperson with the skills, and
the other one participated in a larger project on digital socia
alarms together with other municipalities in northern Sweden.

Based on the study of the previous procurements and interviews
with the municipalities, it was found that many municipalities
prioritized to meet the basic specifications at the lowest price.
This has the implication that innovative solutions, from small
companies, have difficultiesto enter the market. These products
are unable to compete for the lowest price. Smaller companies
are a so excluded when the municipalities repeatedly return to
the larger companies for products similar to what they already
have

In the future, it will be important to analyze the users need for
security and how this need could be met by new solutions. It
will also be important for the municipalities to ensure that the
safety and quality of social alarms really address the users
needs, both with respect to alarm holders and personnel.

Several problems were revealed during the interviews with the
users. Onelarge problem wasthat the alarms had a very limited
reach and were designed for indoor use only. If a user was too
far away from the base unit, the alarm did not work.
Furthermore, in the traditional indoor aarms, the speaker is
located in the base unit and the user had to be quite close to the
unit to communicate with the alarm center. The ability to have
voice communication via the alarm unit (which could be worn
on the wrist) would remedy this problem. This would aso
increase the users mobility indoors. Improvements relating to
feedback were mentioned, for example, different feedback about
when the alarm was sent and when the alarm was received by
the alarm center or by home care staff. The problems regarding
thetraditional social alarmsin terms of being unable to use the
alarm outdoors had the effect that some elderly people hesitated
to leavetheir homes. Inthe analysis of theinterviews, we could
see there was a great need for an outdoor alarm. No existing
alarms can handle both traditional indoor alarm usage and
outdoor alarm usage in the same solution. The explanation to
this is that the aarm solutions are based on different
technologies and different organizations in terms of acting on
alarms.

Study 2: Outdoor Alarms and User Needs

Objective

For the elderly population to live an active life and exercise in
a safe way, social alarms must operate outdoors. The aim of
this study was to investigate needs among elderly users and
their relatives regarding outdoor social alarms. In this paper,
we investigated appearance, functionality, and aspects related
to responsibility and payment.

Method

In this study, the material was gathered in two ways through
focus groups and open-ended interviews. Focus groups were
used to gather new ideasfrom abroad perspective. Theaim was
to encourage the participants to evolve new ideas together with

http://mhealth.jmir.org/2014/1/e9/
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others. Interviewswere chosen to detect phenomena, properties,
and meanings of using outdoor social aarms with respect to
safety. The interviews were conducted individually to give
participants the opportunity to express their views without the
influence of others.

In the interviews, 15 participants from 3 user categories were
included: elderly, middle-aged people who took care of their
elderly relatives, and young people who helped a grandfather
or a grandmother. The questions in the interviews addressed
attitudes toward safety and the use of outdoor social alarms.
Furthermore, we asked what the participants thought about how
and by whom the alarms should be received and acted upon.

Two focus group sessions were carried out, one with elderly
people, and one with middle-aged people taking care of one or
more elderly relatives. The aim with the sessions was to gather
material regarding needs, functionality, and appearance of
outdoor alarms. Thework in the focus groups started with broad
guestionsregarding the need for safety and social alarms. Inthe
next step, 3 existing alarms were showed to the participants.
Each of these alarms solved different aspects of the need for
safety. After each presentation, the alarm was discussed based
on itsadvantages and disadvantages, and awish list was created.
Thelist consisted of featuresthe participants wanted in thiskind
of alarm. The participants had ideas on new functionality that
they thought the alarms lacked. They also pointed out
functionality that they thought could be excluded in alarms. As
afinal step, the participants were asked to prioritize among the
functionalities that were described. The result of the session
wasalist of functionalities, awish list, for outdoor social alarms.

During the focus group and the interviews, the researcherstook
notes. The material from the focus group and the interviews
was analyzed and categorized with agrounded theory approach
[11]. The results presented below are a summary of the most
frequent topics from the material.

Results and Conclusions

When adding outdoor functionality, it becomes much more
complex regarding receiving and acting on aarms. In the
interviews, the participants were asked about the relatives' role
in receiving alarms. One important result from the interviews
was that the relatives were reluctant to receive the alarm calls.
Both middle-aged and young relatives wanted to be there for
their elderly relative. However, the responsibility of receiving
and acting on alarm calls was too great with too many difficult
decisions to make. The participants thought that the alarm
primary should be connected to an alarm center, but that the
relatives should be notified when an alarm call had been made.

In the focus group sessions, both the elderly participants and
the relatives pointed out that the wearable alarm unit must be
something other than a mobile phone. It hasto be a device that
would not be forgotten as easily as a mobile phone. It should
also have a separate alarm button that is easy to see and press.
Even though the alarm should be something other than amobile
phone, the elderly participants pointed out the importance of
being able to speak/communicate with the receiver when they
had raised the alarm.
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Thelack of feedback reduced thefeeling of safety and increased
the uncertainty regarding whether someone would help. A
solution suggested by the participants, wasto receive differently
labeled information if someone actually had received or acted
on an alarm call. However, as pointed out by the relatives, it
might be difficult to understand too many kinds of feedback,.
Thefeedback must be easy to understand if it should be assigned
to al actions in terms of send, receive, and act on alarms. For
example, different buttons and/or different lights could be used.
The buttons could also have pictures for those who have
difficulty remembering which button to press.

When it comesto the design of the alarms, both the elderly and
the relatives thought that it was important to make the alarms
more personal. For example, it should be possible to choose
among different styles and colors. The relatives also pointed
out the importance of personalizing the alarm with respect to
functionalities.

Finally, we discussed integrity with the participants. Inline with
previousresearch [12], none of the participants thought that the
use of their geographical location was an invasion of their
privacy. The benefits were seen as far greater than the
disadvantages to be located using GPS.

Conclusions and Future Challenges

To summarize the results from the two studies, it was difficult
for the municipality to know/understand user needs. The
technology was complex and required considerable expertise
in the area. There were usualy no methods within the
municipalities to include user needs in the process when the
social alarms were procured. Mangers for social alarms within
the municipalities need more knowledge about the technology
and user needs to be able to offer tomorrow's new technology
to its population. Better dialogue with users about their needs,
and new methods in gathering these needs are required to be
successful in introducing new types of alarms.

The results showed that the experience of safety did not
correspond with the needs that the elderly had. Similar results
were aso found in other studies [1-5]. One limitation with
today's traditional social alarms is that the user only can alert
from his or her home and not outdoors. This means that many
elderly do not come out on walks because they feel unsafe
outside their homes. With aging usually comes memory loss,
and it can have devastating effects on the quality of lifefor older
people. Ertel et al [13] found evidence that elderly people in
the United Stateswho had an active social life had aslower rate
of memory decline.

We believe that to increase the elderly’s quality of life, social
alarms al so need to operate outdoors. In our studies, we found
that therewas agreat need for outdoor alarmsamong both users
and relatives. Relatives requested alarmswith functionality that
handled the situations in which the residents risked ending up
in danger if he/she left his or her home. In particular, families
with an elderly relative with dementia who lived in his or her
home felt great insecurity regarding this.

Today, there are examples of outdoor alarms that communicate
viamobile networksand have GPSreceivers. Thesealarmsalso
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have voice communications, which meansthat an alarm receiver
can talk with the person who has alerted. When adding outdoor
functionality, it becomes much more complex regarding
receiving and acting on alarms. The municipalitiesdon’t aways
have resources and routines to take care of this type of alarm.
One important result from the interviews showed that it was
not obvious that the relatives would like to receive the alarm
calls. Both middle-aged and young rel atives wanted to be there
for their elderly relative, but to be responsible for receiving and
acting on alarm calls was too great of aresponsibility with too
many difficult decisionsto make. Participantsindicated that the
wearable alarm unit must be something other than a mobile
phone; that is, it should be a device that will not be forgotten
as easily as amobile phone.

To conclude, therewas agreat need for alarmsthat could handle
both indoor and outdoor environments. Both our results and
other studies indicate this [6-8]. The elderly and their families
requested social aarms that could handle both indoor and
outdoor environments in the same alarm system. One problem
with current indoor and outdoor alarms is that they are based
on different technologies and are not integrated into the same
alarm solution. With an increasing elderly popul ation and fewer
resources, new types of technology solutions are needed for
older people to feel safe even when outdoors, which is a
prerequisite for an active life with better health and improved
quality of life.

Futurework will include devel opment of anew combined alarm
solution. One important feature will be that the alarm solution
consists of a base unit in the home and an alarm device that a
user can wear both indoors and outdoors.

Furthermore, the alarm sol ution should consist of functionalities
such asan automatic switch between indoor and outdoor position
for increasing battery capacity. When a user is at home, the
alarm unit communicates with the base unit just like atraditional
alarm and when the alarm holder leaves home, the alarm unit
switches to a global system for mobile communications mode
with GPS functionality. The wearable unit should have a speaker
for communication with the alarm receiver and an alarm button.
For outdoor use, it should be possible to use services such as
“geofencing” [14] for setting up a geographical zone based on
GPS coordinates, and if a user (the wearable unit) crosses the
border of thisarea, an alarm is activated.

Development of such an alarm solution entails a number of
challenges, particularly regarding hardware and battery capacity.
Furthermore, for these solutions to work, new ways of relating
to both the alarm receiving and responsibilities, and for payment,
are required. We believe that new ways of alocating these
aspects between the private and the public will be required.
Despite of these challenges, it is essential that we approach the
task. To succeed in designing this type of alarm, cooperation
among companies that develop social alarms, municipalities,
home care, and end users is needed. However, the most
important issue is, and will be, to address the different user
groups needs and to involve the users in every user-related
aspect of devel opment.
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Abstract

Background: Ubiquitous health has been defined as a dynamic network of interconnected systems. A system is composed of
one or more information systems, their stakeholders, and the environment. These systems offer health servicesto individuals and
thusimplement ubiquitous computing. Privacy isthe key challenge for ubiquitous health because of autonomous processing, rich
contextual metadata, lack of predefined trust among participants, and the business objectives. Additionally, regulations and
policies of stakeholders may be unknown to the individual. Context-sensitive privacy policies are needed to regulate information
processing.

Objective: Our goal was to analyze privacy-related context information and to define the corresponding components and their
propertiesthat support privacy management in ubiquitous health. These properties should describe the privacy issues of information
processing. With components and their properties, individuals can define context-aware privacy policies and set their privacy
preferences that can change in different information-processing situations.

Methods: Scenarios and user stories are used to analyze typical activities in ubiquitous health to identify main actors, goals,
tasks, and stakeholders. Context arisesfrom an activity and, therefore, we can determine different situations, services, and systems
to identify properties for privacy-related context information in information-processing situations.

Results: Privacy-related context information components are situation, environment, individual, information technology system,
service, and stakeholder. Combining our analyses and previously identified characteristics of ubiquitous health, more detailed
properties for the components are defined. Properties define explicitly what context information for different components is
needed to create context-aware privacy policies that can control, limit, and constrain information processing. With properties,
we can define, for example, how data can be processed or how components are regulated or in what kind of environment data
can be processed.

Conclusions: This study added to the vision of ubiquitous health by analyzing information processing from the viewpoint of
anindividual’s privacy. We learned that health and wellness-related activities may happen in several environments and situations
with multiple stakehol ders, services, and systems. We have provided new knowledge regarding privacy-rel ated context information
and corresponding components by analyzing typical activities in ubiquitous health. With the identified components and their
properties, individuals can define their personal preferences on information processing based on situationa information, and
privacy services can capture privacy-related context of the information-processing situation.

(JMIR Mhealth Uhealth 2014;2(1):€12) doi:10.2196/mheslth.3123
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ubiquitous health; privacy; context information; trust; policy
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Introduction

Overview

Ubiquitous computing makes it possible to collect al kinds of
data anywhere and anytime [1] and allows integration of health
care delivery and services into people's everyday lives [2,3].
This paper builds on a conceptual framework [4] in which
ubiquitous health is defined as an open and dynamic ubiquitous
information space. The space is presented as digital systems
that consist of one or more information systems, their
stakeholders, and environments. These systems create adynamic
network that offers and provides services to citizens. In the
information space, individual sand service providers can select,
tailor, and combine services and systems that belong to the
network. To enable access to personal information, individuals
and providers need to discusstrust, privacy level, and proffered
service.

Ubiquitous health services can be offered by providersthat are
licensed and regulated by medica ethica codes and health
care-specific legidation and other juridical normsand by actors
that are not affected by health carerelated regulations. To
separate these two groups, we divided them as regulated health
care services and other services. Providers offering regulated
health care services have strict defined responsibilities and
obligations concerning service provision, care, professionals,
documentation, and information processing. There are also
general regulations on privacy and security reguirements (eg,
data protection and processing directives) and business
domain—specific regulations. Regulations cover laws, norms;
good practice guidelines; and other rules controlling,
constraining, or limiting activity of participants. These
regulations can affect ubiquitous health services but they often
do not meet the challenges of technological innovations well.

In ubiquitous hedlth, trustworthiness and privacy are key
challenges [4-6]. There are privacy threats created by
autonomous and hidden processing of information and rich
contextual metadata. There is no predefined trust between
participants, and the business objectives, needs, interests, and
policies of stakeholders may be unknown to the individual [4].
Information in ubiquitous headlth is highly sensitive and
confidential, and the existence of services and actors that are
not strictly regulated by health care-specific legislation creates
threatsand risksfor individual privacy. In addition, information
processing can happen in multiple systems and situations with
different regulations, and risks of secondary use exist. Thelack
of predefined trust and privacy risks emphasizestheimportance
of an individual's ability to control his or her privacy.

For trusted information processing in ubiquitous health, we
follow the principles presented in Ruotsalainen et a [4] and
according to them, an individual should have theright to verify
dynamically thetrustworthiness of the ubiquitous health network
and any system that requires or processes the individua's
personal information for secondary purposes; control personal
health information processing, inside systems and between
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them; be notified of all situationsand contextsin which personal
information is collected, processed, stored, and/or disclosed;
and create situation-specific, context-aware, and granular
personal privacy and trust policies, which control how personal
information is collected, processed, disclosed, shared, stored,
or destroyed.

Systems and stakeholders should have the responsibility to
ensuretrust verification by publishing their privacy policiesand
environmental and contextual features; openness of interests,
business needs, and policies as well as their relationships with
other systems; and transparency of information processing.

To protect his or her rights, an individual needs information
about privacy, that is, privacy attributes, to define his or her
personal privacy preferences. Privacy attributes enable privacy
to be a concrete issue for individuals. In Nykénen et al [7], we
defined privacy attributes as benefit, benevolence, capability,
competence, confidence, context, reliability, and value. Privacy
attributes and their contents have not generally been researched
widely. The focus in this study is the context attribute, which
refers to the situation in which data are created or processed.
The objective is to analyze and define privacy-related context
information components and their corresponding properties.

When data are created, a continuum of datais born. During the
different processing situations, data or its properties may change.
Original context refers to a situation when data are created. In
various use contexts and processing sSituations, context
information isincrementally created and it describesthe current
context and enables tracking of the context history. Thus, data
have embedded context information that can be used by privacy
services for trust calculation and to decide whether processing
isalowed (Figure 1).

An individual’s privacy preferences can be implemented with
adaptable privacy policies. In previous work [8], we concluded
aformulafor privacy policies to contain (1) trust information
that isavalue of asystem- or environment-specific calculation
of regulatory compliance and trustworthiness; (2) sensitivity of
the data; (3) situation of the information use; and (4) purpose
of the data collection or use.

Policy formulation is adecision processin which an individual
selects privacy rules and services and how much information
can be traded compared to the offered service and the level of
privacy attributes. In this study, our hypothesisis that context
information enables formulation of context-aware privacy
policies hence enabling trustworthy processing of personal
health and wellnessinformation and realizing individuas' rights
for privacy in ubiquitous health. In Ruotsalainen et a [8], we
presented a privacy architecture that could use context
information in trust calculation and in context-aware privacy
policies to control an individual's personal information. With
this study, we add knowledgeto our earlier research by studying
the privacy-related context information and by defining the
corresponding components and their properties that support
privacy management in ubiquitous health.
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Figure 1. Data continuum and context information.
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Privacy and Trust

Privacy refers to an individual’s ability to control information
about him- or herself [9]. Privacy is a very personal concept
and dependent on the context, because it may vary among
jurisdictions, cultures, economies, time, and individuals[10-12].
Smith et a [13] claim that privacy is so bound to the specific
context that it cannot be conceptualized as a single and
unambiguous concept; rather it should be treated as a set of
interests. Clarke [14] argues that it is useful to understand
privacy as the interest of keeping persona space free from
inference and has divided privacy into four dimensions: person,
personal behavior, personal communications, and personal data.
Information privacy means that personal information should
not generally be avail able to other persons or organizations and
an individual should have major control or influence over the
personal data controlled by others and its use [14]. In this
research, we refer to privacy as an individual’s personal view
within the legislative boundaries.

Trust is a concept closely related to privacy, and usualy, the
higher the value of trust, the lower the need for privacy [4].
Trust implicates the willingness to share personal information
with others [15]. Schoorman et a [16] emphasize that trust is
based on arelationship and the level of trust expressesthe level
of risk an individua is willing to take. Abdul-Rahman and
Hailes[17] have defined three characteristics of trust: (1) trust
issubjective, (2) actionswe cannot monitor affect trust, and (3)
trust level isdependent on how others' actions affect our actions.
Several trust models has been developed for calculating
trustworthiness [16,18-20].

Ubiquitous computing systems should be open and dynamic,
because pre-identification of participantsisimpossible and they
might change regularly [21]. In these kinds of distributed
environments, collaboration is vital because multiple systems
together try to achieve goals and perform tasksand it is crucial
for systems to know which entities they should or should not
interact with [22]. Traditional privacy and security solutions
are not adequate for ubiquitous environments because there is
no central control or predefined users or poalicies [19,21,23].
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Privacy and security architecture and decisions need to be based
on trust and its properties [19,21,24].

Context and Context Awareness

Context has been mostly defined with user profile, user emotion,
and user location and identities of nearby people and objects
and changes to those objects [25-28]. According to Dey et al
[29], the three most relevant entities are places, people, and
things. These entities have to be considered from different
viewpoints such aslocation, activity, and identity. Dourish [30]
proposes that context and content cannot be separated; the
context arises from the activity itself and it cannot be an external
description of the setting. He claimsthat context isarelational,
interactional property between objects and activities and the
scope of features must be defined dynamically [30]. Dey and
Abowd ([28], pp. 3-4) defined context as: “Context is any
information that can be used to characterize the situation of an
entity. An entity is an individual, place, or object that is
considered relevant to the interaction between a user and an
application, including the user and applications themselves.”

This definition is open and it considers that any information
that isrelevant for information processing in a situation can be
used as a context. Context information can, for example, be
information about the user, device, environment, or situation.
Thus, itismeaningful to talk about context related to something
that exists. There are three main uses for context information
[29]: (1) presenting information and servicesto a user or using
context to propose actions to be performed, (2) execution of a
service automatically on behalf of the user, and (3) applications
can tag context to information for later retrieval.

In context-aware computing, applications and systems are able
to perceive their surroundings and environment, adapt according
to the context, and perform autonomously. Context awareness
refersto adaptability, which meansthat applicationsand systems
exploit perceived context information and adapt their behavior
accordingly [31]. In this view, context information is
information that enables behavior modification based on this
information and its relations. The systems, applications, and
entities have to define the scope themselves.
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According to Viswanathan et al [32], the key point for successful
ubiquitous health is context awareness, and there are already
several context-aware applications in the health and wellness
domain. A lot of research has been doneto support personalized
actionsand servicesin home care, chronic disease management,
and ambient assisted living [33-37] with different personalized
health status, body sensor networks, activity or behavior
monitoring, decision support, and reminder applications
[32,33,35-40]. Inthe hospital environment, many professionals
are very agile, and context-aware technologies may help by
personalizing services for them by location, time, and social
context [41]. According to previous studies [33,42], there are
several experiments on context-aware computing that have been
created in hospital environments to improve patient record
management, communication among professionals, and
information sharing by including context awareness in patient
room equipment.

Policies

In ubiquitous environments, privacy regquirements can be
expressed with policies. Privacy policy can be understood as a
personal statement on privacy. With policies, individuals can
set computational rules explicitly stating their personal privacy
preferences on how their information can be processed, used,
disclosed, and shared [21,43,44)]. Policiesaretypically expressed
with apolicy language [45]. To enable personal privacy policies
with computational rulesrequiresdefinition of privacy attributes.
Privacy policies can be implemented with setting values on
privacy attributes. Context-aware policies based on context
information enable dynamic adaptation of privacy control
strategies and tailored privacy decision support services. A
technique called sticky policy enables attaching policies into
data to ensure that data are processed according to an
individual’s wishes [44].

Behrooz and Devlic [46] propose acontext-aware privacy policy
language based on two design considerations: (1) situationsand
privacy rules are defined separately, and (2) a context requestor
can be specified based on itsidentity or social relationship to a
user. These principles mean that privacy policies are set for
different situations. Ghosh et al [47] presented a semantically
rich policy-based system that can reason on user’s context and
thus protects a user’'s privacy dynamically during runtime.
Schaub et a [23] presented a privacy context model with three
major entities—user, user's environment, and user’s activities.
Their model takes into account information, physical, and
territorial aspects of privacy. Blount et a [48] proposed a
context-dependent policy model inwhich field context contains
information when conditions for the policy are valid. These
values may be from either the subject or the requestor.

Methods

Scenarios and User Stories

Scenarios are means to describe the system’s intended usage.
Scenario-based design techniques produce descriptions of how
people do things and how they can accomplish different tasks
with the system. With scenarios, designers can find new ways
of doing things and new things to do. Scenarios capture goals,
entities, behavioral information (eg, actions, activities, and
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events) and what people are trying to accomplish with the
system [49,50]. They can aso describe different related actors
with their own objectives. Typically, scenarios have a plot that
consists of several events, things that happen during activities,
changesin the setting, etc. Scenarios are work-oriented analysis
methods; thus, they are suitable for our purposes, because we
areanalyzing typical activities of anindividual in an ubiquitous
health environment to recognize the needs for context
information.

In our previous articles, we analyzed privacy threats and the
principlesfor trusted information processing [4], defined privacy
attributes [7], and analyzed the requirements for information
that should be used in privacy policy formulation and common
threats and challenges concerning privacy in ubiquitous health
[8]. Our previousresults created the framework for the scenario
development and analyses and for the requirements for context
information. In this research, we created scenarios that were
based on materials collected in our earlier empirical research
on personal wellness [51-53] performed with focus groups and
literature studies focusing on health and wellness activities and
technical applications on chronic disease management,
self-health management, ubiquitous health, and wellness
approaches. Scenarios were designed to capture the
characteristics of different situations, such asageneral wellness
management situation without any specific needs and aspecific
setting with achronic disease. With scenarios, we could identify
awide selection of typical activities in ubiquitous health.

Wefirst created two textual scenarios describing the main actors,
their backgrounds, and current health and wellness situations
and next, we determined the main goals, activities, and entities.
Then, wefurther divided both scenariosinto 10 user storiesthat
described in more detail the activities and services the
individuals needed in their situations. Each user story focuses
on 1 activity of ascenario and it isa short textual and informal
description of auser case. Because context arises from activity
[30] with the user stories, we could capture activities in
ubiquitous health to identify information-processing situations
and privacy-related context information.

At first, scenarios described typica wellness approaches
emphasizing services that are not regulated by health care
regulations, for example, lifestyle management and
health-related behaviors. The objective was to recognize
activities and entities outside regulated health care services.
Then we approached chronic disease management scenarios
with a focus on identifying collaboration between regulated
health care services and persona attempts to manage health
outside the provider networks with other services. These
scenarios were analyzed to recognize activities and
information-processing situations. To summarize, these
scenarios helped us to analyze the aspects of two different
situations in ubiquitous health: (1) ubiquitous health without
regulated health care providers participation; and (2) ubiquitous
health with regulated health care, for example, service portfolio
isacombination of services produced by aregulated health care
provider(s) and other health and wellness providers.
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An Example Scenario

As an example, we present the following scenario. Peter is a
23-year-old healthy student who beginsto feel tired and ill and
he decides to seek help from student health services. After a
few tests and doctor visits, Peter is diagnosed with type 2
diabetes mellitus. From now on, Peter has to pay attention to
his habits and choices concerning healthy living for the first
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timeinhislife. Wedivided this scenario into more detailed user
stories describing activities related to chronic diseases in a
ubiquitous health environment. In Table 1, we present an
example analysis of a user story. In Table 2, we present a
detailed example of a single activity in ubiquitous health with
its related privacy concerns, Peter’s policies, and the context
information that a policy example requires.

Table 1. An example analysis of auser story in chronic disease scenario. User story 2.1: Peter receives a medical device with sensors to manage and
care for his disease and automatically measure and monitor his condition. Devices can aso automatically inform his doctor about the results and major

changes.

Role Individual and information controller with rightsfor privacy, to control processing and secondary use of information.
Peter can decide who can access data created by the device. Peter needs privacy policiesto control his own personal
health system (PHS) use and the information it contains.

Activities Datais created in the sensors and transferred to PHS.

PHS analyzes the information and comparesit to past information.
PHS informs Peter’s doctor about a major change in avalue.
Doctor accesses the information and makes a medical decision.
Environment Anywhere. No health care—specific regul ations concerning the environment. Information sharing is based on Peter’s

Information systems

Stakeholders

Services

Information content

Origina context of theinforma-
tion

Reguirementsfor context prop-
erties

known consent and privacy policies. All information created by the certified deviceistrusted. The deviceisregulated
by specific legislation (eg, the European Union directive on medical devices). In case of amajor change in measure-
ment information, regulated health care service will participate and then the environment will be strictly regulated
by health care—specific regulations.

Medical device, Peter's own PHS and possibly el ectronic health record system. Sensor and measurement datais
stored in PHS and Peter’s health records are in regulated el ectronic health record system. Peter hastotal control over
his PHS.

Peter, medical device, PHS, and licensed medical professional (doctor) with responsibilities concerning care and
patients privacy

Certified medical device measuring blood sugar levels

PHS diabetic information analysis
Regulated health care service activated by Peter’'s PHS in case of a major change in Peter’s measurement values

Measurement and monitoring data from sensors and medical device

Health and wellness information in PHS is controlled by Peter. The medical information is regulated in health care
organization’s electronic health record system.

Information is created by a certified medical device controlled by Peter. The environment does not have any specific
domain regulations. Information isin Peter's control and he has full rightsfor it. Peter's personal context-aware pri-
vacy policies are the main source for limitations and constraints on information processing.

Peter'sPHS isatrusted information systemin his control soit hasfull processing rights and can activate other services
if needed following Peter’s privacy policies. Peter has defined in his policies that different measurement and sensor
dataisvery sensitive and sets limitation for what purpose information can be used. In other cases, PHS cannot grant
access to information without Peter’s authorization. Other than regulated health care, services have to share their
principles for information processing, security and privacy policies, and for what purpose they want to process the
information.
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Table2. Anexample analysis of an activity: datais created in the sensors and transferred to the PHS.

Privacy challenges and threats [8] Peter’s policies

Required context information for policy 1

Lack of awareness

1. Peter thinksthat thiskind of dataishighly per-
sonal and can only be accessed automatically by

Situation: activity, processing type, actor, target, infor-
mation sensitivity, and purpose for processing

ahealth care professional participating in Peter's

care service.

It isdifficult to know how dataisused in
the future

2. To use the data, transparency of processing is
needed; therefore, the provider hasto publish de-

Environment: general privacy and security regulations,
location, and society

tailed privacy and security policies and allow

third-party auditing.

Relationships between systems may be
unknown

3. To prevent secondary use, copying datais not
allowed. If copying isrequired, Peter hasto be

Service: type, role, provider, location, and objective

notified and his known consent is required.

Potential secondary use of information

Users want to control how systems use
persona health information

How to guarantee that datais processed
following thelegal constraints and accord-
ing to the individual’s policies

4. Health care professionals are not allowed to
disclose data without Peter’s known consent.

Individual: role, rights to control information, relation
to the activity, confidentiality requirements

Stakeholder: identity, type, role, purpose, and justifica-
tion for processing

IT system: identity, type, controller

Results

In an open and dynamic ubiquitous health information space,
there are no possibilities to predefine entities or activities and
most aspects of information processing are dynamic. In the
scenarios and user story analyses, we recognized how different
activities are reasons for information-processing situations in
ubiquitous health, how severa entities can create and use
information, and how the same information can be used later
to support different activities. In addition, scenarios showed
that activities could happen autonomously with information
systems even without human participation; for instance, based
on some measurement of vital signsor monitoring of data. Thus,
information processing happens because some entity performs
an activity in a certain environment. Situation describes this
occurrence and therefore is chosen as the core component
defining privacy-related context information. It is linked to a
certain activity; that is, the reason for information processing.
Context information needs to include the whole situation and
all participants because of the dynamic nature and limitations
in predefining activities and stakeholders in ubiquitous health.

Asaresult of our scenarios and user stories, we present the two
kinds of basic models for ubiquitous health: ubiquitous health
without regulated health care providers, and ubiquitous health
with regulated health care service providers.

Thefirst caseisan open environment with multiple entitieswith
different kinds of domain environments and interests. All
participants are by definition untrusted. Health care-specific
regulations do not apply, but regular privacy and security
legidlations set limitations for information processing. In
addition, different domains may have their specific legislations
(eg, sociad care, wellness services, medical devices, or
pharmacy). Environment and entity-specific regulationsand an
individual's personal context with privacy preferences are
necessary for adaptable privacy policies. An individual's role,
environment, and privacy requirements may vary between used

http://mhealth.jmir.org/2014/1/e12/

services or information systems and information sensitivity
influences heavily on personal policies. An individua’s rights
to control data and information must be discussed with service
providers.

In the second case, there are also entities that are affected by
health care-specific regulations. Depending on who or what
provides service and/or controls information, there might be
strict health care-specific regulations for service provision,
organizations, professionas, information systems, and
information processing. Regulated health care services are to
some extent trusted and privacy threats and risks occur
especialy when information is transferred from them or
processed beyond their authority. It is very critical to capture
who is responsible for what, where and how services are
provided, what information and sources are used, how sensitive
the information is, and who controls participating information
systems.

In a previous study [4], we defined ubiquitous health to be
composed of services, information systems, stakeholders, and
their environments. In addition to these, we have to capture the
contexts of the information-processing situation and its object
and/or subject. We should capture the following components
and their properties on privacy, regulations, and requirements
for trusted information processing: what happens (situation);
who is the subject or the object (individual); what services are
related to the situation (service); where this situation happens
(environment); what socia actors are active in the situation
(stakeholder); and what computational entities participate (1T
system).

In this research, the properties of the privacy-related context
information components and their properties are derived by
combining the results of the scenario analyses and the principles
and requirements presented in the earlier research. We analyzed
the results of the scenario analyses to explicate concrete
properties for our components. In the example, we derived the
context information that is needed to fulfil the requirementsfor
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policies and to minimize known privacy threats. In thisexample,
policy 1 in the Table 2 means that Peter sets a general policy
that data created by sensorsis highly sensitive and can only be
automatically accessed by health care professional s participating
in his care. Peter has total control over his data and the future
use of data is based solely on Peter's wishes. The situation
occurs when aregulated health care professional triesto access
Peter’s data to support Peter’s care and to follow his condition.
To manage his privacy, Peter needs information about the data
user’s environment and processing wishes. If parties other than
ahealth care professional in Finland taking part in Peter’s care
service want to access the data, Peter's known consent is

Seppéld et a

required. The data user is a regulated health care professional
in Finland; that is, predefined as somewhat trusted and he/she
can use the information only to make medical decisionsand to
follow Peter’s condition. The data can only be accessed within
Peter’'s PHS and the data cannot be copied or distributed. From
the example, we can see how Peter needs several kinds of
context information to create the example policy.

From the scenario analyses, we have defined the properties that
are needed to fulfil the principles of trusted information
processing and requirements set for privacy formulation
concerning context information (Figure 2).

Figure 2. Privacy-related context information components and their properties for ubiquitous health.

+General security regulations
+Business specific regulations
+Location

+Society

+Culture

+Entities and their

+Actor
+Target

relations

Environment Situation Individual
+Regulatory environment +Activity +Role
+General privacy regulations +Temporal apects +Location

+Processin

+Infomation sensitivity
+Information
+Purpose for processing

+Environment

+General rights to control infomation
+Relation to the activity

+5ituation specific rights

+Privacy policies

+8ensitivity of information
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+Confidentiality requirements
+Relation to the infomation

+Controller
+Rights and responsibilities concerning processing
+Purpose for processing

+Justification for processing +Environment

IT-System
SeaRILY Service Stakeholder
+Iype
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+5ervice specific regulations
+Participating stakeholders
+Participating IT-Systems

+Justification for interest
+Environment

+Domain / business specific legislation
+Location

+Privacy policies
+Security policies
+Information processing principles

A situation describes information processing that happensin a
certain context because of some activity and by/for a certain
individual. From the scenarios, we learned that environments
might vary a lot; therefore, we need to understand the
environment  where the dituation happens and
component-specific environments (eg, individual, services,
stakeholders, and IT systems) to capture all privacy aspects.
With the environment, we do not only mean location and other
position-based information, but especially important isto capture
the type of environment. We have to perceive the properties of
environment such as privacy, security, trust-related information,
and information-processing rules and responsihilities.
Regulations may differ alot between environments and different
businesses are affected by their specific legislation. Capturing
environment is crucial because technological advancements
such as cloud computing and big data create new types of
privacy risks. For example, if a service is offered in the
European Union but the data are stored or processed in an
information system located in the United States, there are
differences in legidations concerning privacy, security, or
secondary use of data. People should be able to control where
and why their data are processed.

An individual component describes the actual subject and/or
object of health and wellness activities in ubiquitous health. It
islinked differently to situations; anindividual can create them,
participate in them, and/or is an object. Properties needed from

http://mhealth.jmir.org/2014/1/e12/

+5tatement on information processsing rules
+Published privacy policies

+Published security policies

+Business interests

theindividual are the role he/she has in the situation, location,
and environment and what relation he/she has with the activity.
Also, an individual's rights for controlling information
processing (eg, content, disclosure and access to information),
privacy policies, senditivity and confidentiality reguirements
and what is his/her relation (eg, owner, controller, or subject)
to information should be acknowledged. All these things affect
how and on what basis systems can process information.

A service component describes regulated health care services
and/or other services that can be offered by IT systems and/or
stakeholders. An IT system component refers to all
computationa entities, which can include health information
systems, personal health systems, ubiquitous systems, devices,
sensors, etc. IT systems should be open about their processes
and publish their privacy and security policies including how
an individual’s privacy is protected, relevancy of processing
and actual data protection specifications, and detailed

information-processing principles. This would improve
transparency of information processing and increase

trustworthiness. If an IT system does not publish necessary
information, this hasto be captured in the context information.
Because information processing can happen anywhere, itisvita
to capture its context because there are severa characteristics
affecting privacy that may differ between IT systems; for
example, type, location, or regulative background. For example,
there are big differences in regulations among information
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systems, regulated medical devices (eg, have to be certified),
and wellness devices. Stakeholder is the social component
describing organizations and possible human participants. They
can be actors or interested parties in a situation. They offer,
participate, or are interested in services offered to individuals.

Our components can be used to increase trustworthiness of
information processing because privacy policies can be
adaptable and based on constraints, limitations, rules, rights,
and responsibilities set with situational information. Components
can also be used to analyze that the information processing
follows the preferences set by an individual’s privacy policies
and the requirements from the original context of the
information. For example, in our user story Peter may disclose
medical and lifestyle data to a service provider to receive a
selected service. Peter has set privacy policies using privacy
properties. Before disclosure, Peter (his privacy architecture)
needs the context information from the service provider to
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calculate if processing is according to the requirements set by
Peter's own context-aware privacy policies and the original
context of theinformation. Privacy architecture can then confirm
that the use context is valid according to Peter's persona
preferences and allow access to the information (Figure 3).

Our hypothesis was that privacy-related context information
could be used to formul ate context-aware privacy policies hence
enabling trusted processing of personal health and wellness
information. In this study, we analyzed contents of a privacy
attribute context and presented components and their properties
that can be used as part of privacy policiesby setting situational
constraints and limitations. These characteristics are also needed
to capture information-processing contexts from the privacy
perspective. All components or properties are not necessarily
needed in all situations. In addition, if some systems refuse to
cooperate in publishing context information, this has to be
captured and acknowledged.

Figure 3. The use of privacy-related context information in ubiquitous health.
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Discussion

In this research, we present an approach using privacy-related
context information for privacy protection in ubiquitous health.
Privacy is a business-enabler because individuals will not use
these services if they cannot manage their privacy and trust.
People need simple tools to manage their privacy and we have
started this by defining the components situation, environment,
individual, service, stakeholder, IT system, and their properties.
These components describe the crucial privacy-related context
information needed to improve trustworthiness of ubiquitous
health. We present new knowledge by defining context, which
is one of the main privacy attributes used in privacy policy
definition. The results of this study can be used as a basis to
create more forma models defining privacy-related context
information in a computer-understandable format. Our results
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areinline with the preferred privacy level model by Lederer et
al [11] but we have taken it a step further and divided context
into original and use context and defined more detailed and
concrete propertiesthat could be valued and measured and used
by privacy architecture for trust calculation.

Ubiquitous health is still an emerging field combining highly
regul ated health care with personal health and wellness services
and systems. In health care, legidation and regulations define
what privacy is and what kind of rights individuals have; that
is, privacy is astate-defined property. Considering services and
systems outside the regulated health care privacy is a personal
property of an individua; that is, free will. The individual has
the right to choose the use of higher information and define
policies as to how, where, and to what extent the information
can be processed. In ubiquitous headlth, a privacy model is a
combination of these two models and can be controlled with
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policies. Policies can be personal preferences or defined by
regulations. Using the scenarios, we could identify situations
outside regulated health care to recognize regquirements and
characteristics of ubiquitous health. With organization-centric
health care processes or workflows, we cannot really model
ubiquitous health as a whole because there are many services
and systems without predefined and regulated processes or
workflows.

In ubiquitous health, service provision is based on customer
relationships and trading on benefits of services against reducing
personal privacy. Individuals should be able to verify the
trustworthiness of service providers and decide if they are
prepared to disclose personal information and reduce privacy.
Because services are often offered as distributed, personalized
and even autonomous, the privacy architecture should offer
automatic privacy services and adapt dynamically to the
situation. Scenarios and user stories showed that ubiquitous
health is multidimensional with limitations of predefining
situations. The amount of information needed and created in
these situations can be huge, and the content and its sensitivity
vary depending on the activity performed. Ubiquitous healthis
an open, dynamic, and collaborative environment and privacy
needs to be based on trust and its properties [19,21,24].

In health care, privacy is mainly protected with access control
and consent management. Access control is merely onetool to
protect privacy. Managing privacy in ubiquitous health is a
much broader issue than just controlling health care
professionals access to data. Access control with predefined
rights, roles, and consents cannot really function because there
is no central control or necessarily predefined processes,
situations, or actors. To ensure privacy in ubiquitous computing,
access control should be dynamic because of multiple changing
entities. Context information enables dynamic management of
rights [54]. Consent is an example of a personal policy but in
ubiquitous health, policies are needed to cover severa different
situations that are more complex than those that consents are
designed for. Policies have to be dynamic and context-aware.
Corradi et a [55] present a dynamic and flexible security
middleware that uses context as a basic concept in security
policy specification and permissions are linked to the contexts
instead of user identities or roles. Most research on privacy of
context-aware computing focuses on capturing user’s context
or certain actors and using that information to adapt to privacy
preferences [23,47,54].

In this study, we followed the approach of Behrooz and Devlic
[46] to separate situations and privacy rules. We identified the
necessary information to capture privacy aspects in
information-processing situations. Then, privacy architecture
can capture the situation and the conditions where data are
created; that is, the original context and combine that with
individual's policies and control future use contexts such as
how, where, and by whom the information can be used. Our
approach needs information from participating systems and
currently itsavailability depends on the goodwill of participants.
Additional to this information, privacy architecture can use
external sources for estimating trustworthiness of systems (eg,
recommendations from others, history, trust values, and trust
calculations).

http://mhealth.jmir.org/2014/1/e12/
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In the European Union, organizations are required to inform
individuals about use of their data and publish privacy policies
that should be comprehensive with high-level descriptions of
their privacy practices [43]; however, these are not enough to
safeguard individuals' rights. These privacy policies do not
generadly consider how data are actually processed after
collection. So, one of the main challengesin privacy protection
is how to enforce all relevant parties to explicate their detailed
privacy policies [43]. Current legidlation is not fully prepared
to handle privacy threats of ubiquitous computing and does not
obligate organizationsto disclosetheir detailed privacy policies
or information-processing principles. In the future, legisation
needs to include the needs of privacy, citizens' rights, and
ubiquitous computing. Citizens have to be able to control
processing and secondary use of their personal information.
Future privacy principles and norms need to progress from
high-level principles to detailed regulations concerning the
processing and use of information. Thiswould bring openness
and transparency to information processing and new kinds of
responsibilities for organizations and informed rights for
citizens. In addition, authorities or certificate organizations
should be able to audit providers and offer recommendations
about their trustworthiness.

The components defined in this research may have some
limitations and may not be conclusive; however, based on the
scenario analysesthese are needed. In addition, some properties
are hard to define explicitly or in measurable format. They have
to be analyzed in more detail and formal models are needed to
implement them in computational format. Also, we need more
detailed analysis of what organizations should publish about
their processes and privacy and security policiesand principles.
To create context-aware privacy servicesand policiesin practice,
we need to develop ontologies that explicate components,
properties, and requirements that we have presented in this
research. Ontologiesareformal representations and should cover
different activities, services, IT systems, stakeholders,
information content, and especially relevant regulative
environments. With ontologies, we can create computational
rules that can be used to enforce regulations and personal
policiesinto ubiquitous applications.

Because it is practically impossible for individuals to evaluate
the trustworthiness of a system, and to understand detailed
privacy and security requirements and set personal policies, we
developed trust-based privacy management architecture for
ubiquitous health [8]. This architecture model describes what
privacy and security services are needed to enable trusted
information processing in ubiquitous health. The architecture
will apply privacy-related context information to create privacy
and security policiesthat will ensurethat information processing
will not happen against the wishes of the individual and the
original context of the data. The architecture contains decision
support and policy services for individuals to help them define
personal policies. This research adds to the architecture model
by defining the required privacy-related context information
components and their properties that are needed to create
implementable tools and means for individuals to manage
personal information privacy.
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Abstract

Background: Using the Android platform as a notification instrument for diseases and disorders forms a new aternative for
computerization of epidemiological studies.

Objective: The objective of our study was to construct atool for gathering epidemiological data on schistosomiasis using the
Android platform.

Methods: The developed application (app), hamed the Schisto Track, is atool for data capture and analysis that was designed
to meet the needs of atraditional epidemiological survey. Aninitial version of the app was finished and tested in both real situations
and simulations for epidemiological surveys.

Results: The app proved to be atool capable of automation of activities, with data organization and standardization, easy data
recovery (to enable interfacing with other systems), and totally modular architecture.

Conclusions: The proposed Schisto Track isin linewith worl dwide trends toward use of smartphoneswith the Android platform
for modeling epidemiological scenarios.

(JMIR Mhealth Uhealth 2014;2(1):€10) doi:10.2196/mheslth.2859

KEYWORDS
epidemiological survey; schistosomiasis; public health

: The growth of the Internet has popularized information within
Introduction health care as mobile systems like smartphones have become
New Tools for Public Health Studies more accessible among the popul ation [2]. Mobile phoneswith
remote accessto the I nternet al so have other functional features;
they can receive signals from the global positioning system,
storefilesand datain flash memory, and manipulate text, among
other functions. With the evol ution of open source devel opment
platforms for smartphones, users with knowledge of software
programming can devel op specific applicationsfor these devices

Among the traditional aspects of the structures of public health
studies, information is a fundamental element in planning and
carrying out the actions. With the worldwide movement toward
new technologies, new toolsare being incorporated within public
health studiesin order to make information more dynamic and
increasingly accessible to health care system users[1].
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and make them available on the Internet for download. Using
these applications for health care services has the great
advantage of direct contact between the administration and the
population, taking these parties to be participants in the
processes at the locations where the manifestations of health
and illness devel op.

The Android Platform

The Android platform (the operating system for smartphones
developed by Google) has provided a new aternative for
computerizing epidemiological studies, through using this, the
data gathering process in the field is facilitated, errors are
reduced, instantaneous communication isenabled, and avirtua
database can be stored on the Internet [ 2]. The advances among
operating systems, computing platforms, programming
languages, and development frameworks are becoming
integrated and being reapplied to mobile devices. This is
improving theway in which epidemiological investigations are
conducted, thereby supplying scenarios and responses for
resolving public health problems [3]. The Epi Schisto Risk
Modeling research group has been working on the devel opment
platform called “A New Kind of Simulator”, in which avariety
of computing tools form instruments for routine use in public
services that deal with epidemiological and environmental
surveillance. In this regard, one of the products conceived for
exploitation of these services was developed with the aim of
gathering and transmitting epidemiological data on
schistosomiasis in real time, using the Android platform, with
aview to future use of electronic tools to optimize the routine
of health surveillance sectors.

Schistosomiasis as a Case Study for the I nstruments

Schistosomiasis was chosen as a backdrop and case study on
using and validating these instruments since it has considerable
epidemiological representation in relation to diseases occurring
in different regions of Brazil, and its control and elimination is
a challenge. Snails of the genus Biomphalaria transmit this
disease, and its etiological agent is the parasite Schistosoma
mansoni [4]. In Pernambuco, thisdisease is expanding to coastal
areas used for vacations and tourism. Several studies on these

http://mhealth.jmir.org/2014/1/e10/
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areas have diagnosed human cases and new concentrations of
the vector mollusks of the disease [5,6], and have shown that
there is a need for investments in tools for rapid and precise
epidemiological diagnosis that might prevent or minimize
outbreaks of acute cases.

Aim of the Study

Theaim of the present study wasto construct and present atool
to be used by field workers for use in epidemiological surveys
in order to collect and transmit datain real time. In thismanner,
emerging technologies and their application to public health
would become aligned and greater security and speed in
consolidating and storing the data would be promoted. The
“schistosomiasis model” was used to construct thistool, and its
systemwasfed with al the variables (biological, environmental,
and operational) used in epidemiological surveysthat would be
related to the parasite, vector mollusk, and human cases. This
study was conducted through a partnership between the
Department of Information Technology of the Federal Rural
University of Pernambuco and the Schistosomiasis Reference
Services and Laboratory of the Aggeu Magalhdes Research
Center, Oswaldo Cruz Foundation.

Methods

The Schisto Track Application

The Schisto Track application is a data capture and analysis
tool comprising a combination of a mobile application and a
server. Its construction was designed to meet the needs of a
traditional epidemiological survey. Hence, it was planned in
four segments: (1) registration of homes/individuals, (2)
registration of breeding sites, (3) consultation of registered data,
and (4) registration of paths followed. The first two of these
segments used the SQLite database model. This database was
fed with variables that had been validated in other
epidemiological surveysthat had aimed to identify foci of vector
mollusks, diagnose human cases, and spatially locate
information relating to schistosomiasis occurrences [5-8]. For
each set of variables, information fields were set up (Tables 1
and 2).
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Table 1. Variablesto be gathered for registering breeding sites and foci of vector mollusks.

Leal Neto et al

Field of information

Description

Epidemiological relevance

Photography

Number of snails collected

Collection station number

Location

Observation

Breeding site classification

Type of breeding site

Water level

Sdlinity level

pH

Direct observation and visual storage of macro-
environmental elements.

Quantification of the number of mollusk speci-
mens collected.

Coded register of each component station of the
breeding site.

Recording of apair of coordinates for each
breeding site.

Open field for recording additional information
on the location and completing the address.

Permanent or temporary

Ditch/canal; stream/small river; marsh/bog;
|akefriver

Deep; medium; low; dry
0t00.4;05t00.8;>0.8

<7,=7,>7

Evaluation of the vegetation type, substrate, water
surface dimensions, and proximity to homes and
sewage ditches.

Analysis on the snail population density per
breeding site.

Reference for mapping each breeding site and
systematizing collections.

Composing of georeferenced pointsin the geo-
graphical information system, available on the
Internet.

Social representation of the areathrough localiza-
tion recognized by people living nearby.

Identification of whether the breeding site struc-
ture allowsflooding or continual water collection,
or whether it is of limited nature regarding its
permanence in the environment (for example,
only existing during rainy periods).

Identification of the type of snail habitat.

Viability of mobility and permanence of snailsin
the breeding sites.

Snail resistance in habitats of low, medium, and
high salinity.

Snail resistance in acidic or basic environments.

Table 2. Variablesto be gathered for registering homes and individuals participating in the study.

Field of information

Description

Epidemiological relevance

Municipality

Locality

Home number

Number of receptacles handed out

I dentification for smultaneous surveysin severa
municipalities.
I dentification of official and unofficial geograph-
ical territories.

Specificidentification for each home participat-
ing.

Quantity of collecting receptacles handed out to
participants.

Study territory

Identification of areas covered by the Family
Health Strategy, Community Health Agent Pro-
gram, or Endemic Disease Agent Program.

Registration for mapping the area.

Analysis to estimate prevalences and sample
losses.

Name Identification of study participants by name. Preparation of parasitological reports.
Date of birth Identification of participants’ ages. Datafor analysesaccording to age group, descrip-
tive statistics, and other analysis models.
Sex Male or female Data for analysis according to sex, descriptive
statistics, and other analysis models.
Sample number Registration of the epidemiological sampleto  Coding in the database.
be analyzed.
security, distribution, portability, neutral architecture, and
The Structure of the System Y P o

The structure of the system was divided into two modules: (1)
the application (app), and (2) the server, thus making it possible
to add and extract functional features in accordance with the
needsimposed by the study in question. For thisto be developed,
the Android software development kit had to be used, and the
Java language was used with a view to optimizing the results.
Thislanguage was used because of its properties of robustness,

http://mhealth.jmir.org/2014/1/e10/
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interpretability, while also presenting high performance[9,10].

The app was constructed in the Eclipse environment (Helios
version), by means of the Android development tools (ADT)
plugin, in order to facilitate production, tests, and project
compilation. By using the ADT, it was possible to perform
Android emulation directly from Eclipse, making use of all its
resources, such as debug. It was also possible to control the
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emulator, view logs, and simulate sending text messages, or to
make telephone calls, in addition to the capacity to view and
send files, run the garbage collector, and view the heap memory,
along with other possibilitiesintrinsic to the functioning of the
Android platform in the device [11].

As the data were registered, they were instantaneously
transferred through the Internet by means of athird generation
(3G) or wireless network to the Web server, where the
information would form the MySQL database, with the option
of generating spreadsheets in the Microsoft Excel format for
use in spatial analysis programs by means of ArcGIS
(Environmental Systems Research Ingtitute).

The Schisto Track framework enabled interfacing with other
systems and had totally modular architecture. It was integrated
with the Web mapping service app Google Maps and a three
dimensional (3D) cartographic platform, and the app
programming interface (API) was available for all the sites that
could be accessed, free of charge, by users and developers,
thereby facilitating viewing of the spatially distributed data[12].

Leal Neto et al

For remote data reception, the Web environment server was
divided into a front end or presentation layer, and a back end
or administrator panel. Both of these were developed using
Hypertext Markup Language 4.01 and Ajax. To view the trails
that were generated from the paths followed by the technicians,
Google Maps JavaScript APl V3 was used.

Results

The Schisto Track Application

The Schisto Track was shown to be atool capable of automating
theactivities of registering breeding sitesand homes, organizing
and standardizing the data, and facilitating information recovery.
It enabled interfacing with other systems and had totally modular
architecture. It was integrated with Google Maps, and the AP
was available for al the sites that could be accessed, free of
charge, by users and developers, thereby facilitating viewing
of the spatially distributed data [12]. An initial version of the
Schisto Track app was developed and tested between March
and December 2011, using real situations and simulations for
epidemiological surveys on schistosomiasis. Figure 1 shows
the workflow.

Figure 1. Initia version of the Schisto Track app. Global positioning system (GPS); Application (App); A New Kind of Simulator (ANKQOS).
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Web Server

To view the information registered in the field that was sent
remotely to the Web server, two access levels were created: (1)
open access for ordinary users, and (2) restricted access for
project researchers. The information made available through
open access related to the spatial distribution of the breeding
site pointsthat had been demarcated, which wereviewed onthe
3D cartographic platform of Google Earth. Restricted access,
obtai ned through aregistration modul e with identification using
alog-in and password, enabled consultation and editing of the
database containing al of the information from the study, and

Leal Neto et al

also allowed exporting of files to specific formatsthat could be
used in geostatistical analysis software. The Schisto Track was
designed for use by several usersand in several locations at the
same time. The different access levels ensured that the
information stored in the database remained secure and
trustworthy, thus avoiding inclusion of false information or
access by unregistered individuals. Thisinformation was stored
in databases | ocated inside the device (SQLite) and, when a3G
mobile network or equivalent (EDGE, HSPDA) was present,
the data were synchronized and sent to the Web server (Figure
2 shows this synchronization).

Figure 2. Synchronization of the Schisto Track with the Web server. A New Kind of Simulator (ANKQOS); application (App).

Registration of Mobiles and Field Technicians

To ensure dataidentification and security, thefunctional features
of the system required registration of the smartphones by means
of the standard number of each device on the Android platform
(identification-1D and serial). In addition, the ID of each field
technician who was going to conduct the epidemiol ogical survey
was linked to the work tool. Thus, it was possible to make an
association with the person responsible for the data collection.

From the initial screen of the Schisto Track, one can see that
the data gathered in the field were transmitted and could be
viewed in real time by any individual who wished to accessthe
electronic address of the study. This artifice promoted
dissemination of information warning about the areas at risk
that had been identified, thereby ensuring that the communities
were empowered and mobilized to take the individua and
collective preventive measures that might be needed (see
Multimedia Appendix 1).

Discussion

Operational Stages of Data Gathering

The operational stages for data gathering in epidemiological
surveys constitute an arduous and onerous process involving a
large amount of manpower for manually filling in record cards
and data sheetsthat arelater on transcribed in order to enter the
datainto computerized spreadsheets. Thisisatiresome practice
that isliableto involve transcription errors and information bias.

http://mhealth.jmir.org/2014/1/e10/
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—
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An epidemiological survey conducted in the coastal locality of
Porto de Galinhas, in the municipality of Ipojuca[6], registered
5800 participants and, for this, it was necessary to maintain a
workforce of 10 data gatherersin the field for 11 months. This
demonstratesthat managing the process of field dataacquisition,
consolidation, and analysisis an exhausting challenge. In light
of situations like this, the Schisto Track app constitutes a
valuable tool since it imprints dynamism, speed, and precision
on the data gathered, thereby avoiding transcription errors and
bringing greater benefits to population based studies, in terms
of security and logistics.

The Schisto Track Proposal

The Schisto Track proposal isin line with the worldwide trend
toward using smartphones with the Android platform for
modeling epidemiological scenarios [1,13,14]. Moreover, use
of mobile phones has aready been highlighted as a solution for
transmitting health care information from remote areas, and as
atool for managing logistic processes, as well as serving as a
tool for producing crowdsourcing and other health care activities
[2,15-19].

The Google Maps platform, which is included in the app,
providesimmediate spatial positioning of the events, the vector
foci that are detected, and the human cases that are diagnosed.
The use of this platform as the base map for epidemiological
and environmental studies is considered to be a modern trend.
This platform has aso been used by researchers around the
world who have done so from the perspective of constructing
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dynamic epidemiological scenarios [20-22]. The information
technology used in epidemiology and surveillance of health
problems has evolved from concepts such as “1nfodemiology”
and “Infoveillance’. In addition to the integration with electronic
media [23,24] that is represented by open platform mobile
devices, the Internet, and socia networks, information
technology promotes the dissemination of information by the
health care system, service agents, and users because of the
speed and quality of theinformation generated. These advances
in health care information technology are in line with the
proposal for participative epidemiology, in which it is
recommended that indicators and situations should be made
available on social networks, so that these can be explored by

Leal Neto et al

set of new tools and trends for coping with public health
problemsis enabled [25].

In Brazil, few tools for this purpose are available, and none of
them present the robust characteristics that are as suitable for
health care services as the Schisto Track proposal. This app
brings together the practicality of alow cost tool that is easy to
use with the importance of a public health instrument that aims
to improve the processes of data capture and spatia
environmental diagnosis in epidemiological surveys. For
epidemiology, this is an instrument that is also applicable to
other disease models, thus constituting an alternative for
improving routine practice in health care and health surveillance
services.

health care sector administrators and users. In this manner, a
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Abstract

Background: Adolescent females send and receive more text messages than any others, with an average of 4050 texts a month.
Despite thistechnological inroad among adol escents, few researchers are utilizing text messaging technol ogy to collect real time,
contextualized data. Temporal variables (ie, mood) collected regularly over aperiod of time could yield useful insights, particularly
for evaluating health intervention outcomes. Use of text messaging technology has multiple benefits, including capacity of
researchers to immediately act in response to texted information.

Objective: The objective of our study was to custom build a short messaging service (SMS) or text messaging assessment
delivery system for use with adolescents. The Youth Ecological Momentary Assessment System (YEMAYS) was developed to
collect automated texted reports of daily activities, behaviors, and attitudes among adolescents, and to examine the feasibility of
YEMAS. This system was created to collect and transfer real time data about individual- and social-level factors that influence
physical, mental, emotional, and social well-being.

Methods: YEMASisacustom designed system that interfaces with a cloud-based communication system to automate scheduled
delivery of survey questions viatext messaging; we designed this university-based system to meet data security and management
standards. This was a two-phase study that included development of YEMAS and a feasibility pilot with Latino adolescent
females. Relative homogeneity of participants was desired for the feasibility pilot study; adolescent Latina youth were sought
because they represent the largest and fastest growing ethnic minority group in the United States. Females were targeted because
they demonstrate the highest rate of text messaging and were expected to be interested in participating. Phase | involved devel opment
of YEMAS and Phase |l involved piloting of the system with Latina adolescents. Girls were eligible to participate if they were
attending one of the participating high schools and self-identified as Latina. We contacted 96 adol escents; of these, 24 returned
written parental consent forms, completed assent processes, and enrolled in the study.

Results: YEMAS was collaboratively devel oped and implemented. Feasibility was established with Latina adolescents (N=24),
who responded to four surveys daily for two two-week periods (four weeks total). Each survey had between 12 and 17 questions,
with responses including yes/no, Likert scale, and open-ended options. Retention and compliance rates were high, with nearly
18,000 texts provided by the girls over the course of the pilot period.

Conclusions: Pilot results support the feasibility and value of YEMAS, an automated SM S-based text messaging data collection
system positioned within a secure university environment. This approach capitalizes on immediate data transfer protocols and
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enables the documentation of participants’ thoughts, feelings, and behaviorsin real time. Data are collected using mobile devices
that are familiar to participants and nearly ubiquitous in devel oped countries.

(JMIR Mhealth Uhealth 2014;2(1):€3) doi:10.2196/mheslth.2576

KEYWORDS

texting; data collection; intervention research; longitudinal; trgjectory

Introduction

Adolescents and Texting

Adolescentstext more than they talk. No one communicates by
text messaging more than adolescent females 12-17 years old,
who average 4050 texts per month [1]. Boys of the same age
average 2539, and to give context to this magnitude, the next
highest texting average is 1630 texts per month among 18-24
year olds [1]. Among researchers, text messaging is growing
in popularity as a strategy for collecting ecological momentary
assessment (EMA) data. EMA are data reported in real time
such that the respondent indicates in the moment of contact
what they are feeling, thinking, or doing (eg, mood, acohol
use). EMA approaches aso alow for collection of data in
respondents’ natural settings [2,3]. EMA data help overcome
challenges associated with recall-dependent data collection
methods (ie, survey respondents reporting how they have felt
the past two weeks, months, or years). Reducing recall bias by
collecting data on emotions and events as they happen, EMA
provides information and insights into the rea life, in vivo
experience of adolescents [4]. Using EMA allows an insider
view on the range of emotions, thoughts, and activities that
adol escents engage in throughout a single day. The challenges
associated with recall-dependent data collection methods are
well known, yet few valid and reliable alternative approaches
exist. Until recently, those that have existed (eg, direct
observation, hand-written diaries) have been costly, time
consuming, susceptibleto deceptive reporting (ie. falsified dates
of when diaries were completed), and often unsustainable
beyond the initial grant-funded project [2-6].

EM A Data Collection

With technological advances, researchers have collected EMA
data using electronic diaries completed with hand-held
computers (ie, Palm Pilots), and more recently, cell phones.
Interestingly, most researchers have used cell phonesto collect
and store momentary data, but have relied on manual, in-person
uploading of data from the phone rather than taking advantage
of the capacity of cell phones for real time data transfer, or
wireless uploading that occurs at scheduled times during the
study. For example, Shrier et a [5] collected momentary
assessments of sexual health behaviors of adolescentsusing cell
phones that were locked and programmed to probe the
adolescent randomly for aweek. The datawere stored and later
uploaded to a computer when the phone was returned to
researchers. More recently, cell phones were used to capture
real time data from youth about moods and physical activity
with responses stored until the phone was returned [6].

Some researchers have reported using cell phonesand real time
text messaging technology to collect and transmit EMAs about
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adolescents' alcohol use (N=26 [7]; N=20 [8]), children’s
bleeding episodes (N=104) [9], overweight children’s
self-management behaviors (N=141) [10], adolescent health
information needs (N=60) [11], young adults’ drinking patterns
(N=44 [12]; N=70 [13]), undergraduates irritable bowel
symptom management (N=43) [14], and adults smoking
cessation behaviors (N=31) [15]. However, published reports
to date lack details regarding the system structure and the
technicalitiesinvolved in transmitting EMA data. Other recently
published reports describe the use of text messaging asamethod
for disease prevention intervention in developing countries[16],
immunization reminders[17,18], asthmasymptom management
[19], prenata care [20], and weight management [21]. These
studies, while demonstrating the popularity of the use of text
messaging in heath promotion, prevention, and intervention
research, do not focus on the novel use of text messaging as a
method of EMA data collection.

To augment the small but growing literature on the use of texting
as a data collection tool, our team undertook a study to pilot
and determine the feasibility of using an automated system for
collecting EMA datafrom adolescents. We eval uated mood and
related constructs four times a day for two weeks at atime. To
accomplish this, a custom system had to be built within the
university setting to securely and automatically send unique
surveysto participants. Our study isthefirst, to our knowledge,
to custom build a short messaging service (SMS; aso known
astexting assessment delivery system) for use with adol escents.
This system was created to collect and transfer real time data
about individual- and social-level factors that influence mental
well-being. Benefits of this system include ease of data
exchange, automation to reduce errors related to human effort,
contextualized understanding of health behaviors, and the ability
to capture data across numerous data points for longitudinal
and trgjectory data analysis.

In this article we describe the collaborative development of
Youth Ecological Momentary Assessment System (YEMAYS),
and the specific features, including linkage to a cloud
communication service provider, that foster efficient data
collection, management, and storage. We present feasibility and
compliance datafrom our pilot study of 24 L atina adolescents,
and conclude with suggestionsregarding the waysin which this
system can be used in behavioral health research with
adolescents.

Methods

Latina Adolescent Femalesin this Study

This was a two-phase study that included development of
YEMAS and afeasibility pilot with Latina adolescent females.
Relative homogeneity of participants was wanted for the
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feasibility pilot study. Adolescent Latina youth were sought
because they represent the largest and fastest growing ethnic
minority group in the United States [22]. Femal eswere targeted
because they demonstrate the highest rate of texting [1] and
were expected to be interested in participating. In fact, findings
from a 2012 study suggest that SMS and social media are
pervasive among Latino youth and that the youth view text
messaging asacredible and essential method of communication
[23].

Phase |-Development of YEMAS

Our multidisciplinary team was comprised of academic faculty
representing thefields of nursing, public health, and psychology.
Also on theteam wereinformation technology (IT) professionals
and graduate students. The research team identified features of
the system that would yield useful data, and the IT team
members were able to advise the research team on which
features could be accomplished given the redlities of
technological capabilities. Thereweretwo optionsfor the system
that were explored: (1) development of all aspects of the system
within the university structure, and (2) involvement of a
nonacademic third party (ie, telecommunication system) to
support the secure transfer of texted data. The pros and cons of
both scenarios were carefully considered in the context of
security concerns, priorities for protecting research study
participants, and the data they share via text. Importantly, the
nonacademic third party Twilio, acloud communication service
provider that facilitates both the text messaging and data
management/exporting, was able to document texting patterns,
but their staff was not able to access actual text content. This
was important to ensure that only the research staff at the
university had access to the raw, texted data, rather than staff
at the telecommunications company. Creating a full SMS
delivery system requires tremendous financial investment and
resourcesincluding purchasing the hardware, software systems,
and phone numbers in addition to the time intensive
development of the application. By utilizing a cloud

Textbox 1. YEMAS components.
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communication service such as Twilio, a system like YEMAS
can offer a cost-effective way to achieve the primary goal of
delivering and receiving content via SMS. YEMAS was
developed to leverage this cost-effective strategy. Also, with a
university-based system, we were able to capitalize on internal
security and server features, establish the Web-based assessment
management system on auniversity Web address, and use secure
university log-in systems to control access.

Via eight in-person meetings and regular electronic
communication, the research team identified key system features
and worked through challenges that were encountered. For
example, an early idea was to use the email infrastructure to
deliver and receive text messages; however, it became clear that
the scope of data being collected, along with limited capacity
of data management and organization via email, necessitated
an alternative approach. Our initial meeting identified what the
researcher was envisioning, and provided the programmer with
information from which to research possible solutions.
Follow-up meetings presented the possible sol utions, with their
respective pros and cons. Discussionswere open with everyone
on the team expressing opinions and preferences, using previous
literature and the state of technology as guides. Thus, YEMAS
was devel oped as aWeb-based survey application that facilitates
the sending and receiving of SMS texts by integrating with a
Web-service application programming interface (API) solution,
Twilio. Upon implementation, the research team communicated
regularly so that the programmer became quickly aware of any
challenges being encountered by the implementation team
members during the pilot study.

YEMAS is a custom built SMS-based EMA delivery system
comprised of four components (see Textbox 1). Technically,
YEMAS operates in a Windows 2008 Server environment
utilizing Oracle as the database and ColdFusion as the
programming language (contact the authors for additional
technical inquiries).

«  Questions-Thisiswhere all survey questions and corresponding response options are entered and stored.

«  Surveys-This section houses all of the surveys created from the question bank. Each survey can be configured with the following parameters—

« Deélivery type (daily or weekly)
«  Deélivery time schedule (in 5 minute increments)

o Question order (random or predetermined)

«  Messages-This section has three parts—

«  SMSQueue, where surveys are sent once they have been assigned a day and time for release and have been made active.

«  SMSResults, which captures each of theindividual survey responses, from whom each response came, and the time each response was sent.

o SMSLog, which displaysthereal time delivery log.

«  Participants-The researcher enters the name/ID, email address, and phone number of each survey participant in this section. Participants are
assigned to surveys so that the research team can select which surveys specific study participants will receive.

«  Admin—Once asurvey is completed, the researcher uses this section to export the data into an Excel spreadsheet.
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How YEMAS Works

The functional purpose of YEMAS is to send study questions
to participantsin an automated, scheduled manner and to enable
participants to post SMS text messages back to the system in
real time (Figure 1 showsthe Y EMAS data collection process).
The process is as follows-The administrator (study Principle
I nvestigator or research team member) constructsasurvey with
a list of questions and response options that are in a SMS
friendly format and then schedul esthe survey for aspecific date
and time to be delivered. Each survey is assigned to a“rented”
SMS number obtained from the Twilio Service (See Textbox
2 for an example survey, and Table 1 for an example survey
schedule. Multimedia Appendix A shows example EMA
guestions, response options, and delivery frequencies.). The
cost of a SM S number (ie, phone number from which thetexted
guestions are sent) from Twilio was $1 per month.

Once survey questions are scheduled in the system by the
researcher, the YEMAS completes an automated server-side
schedule task that builds a daily delivery queue. When the
survey is due to be delivered, the system sends each question
as a SMS text message to the participant’s phone number via
the Twilio SMSAPI. The APl isaset of programming standards
for accessing a\Web-based software application or Web service.
It is asoftware-to-software interface, not auser interface. With
APIs, apps talk to each other without any user knowledge or
intervention. In this way, the YEMAS interacts with Twilio to
effectively send and receive text messages with numerous study
participants simultaneously.

When the participant sends an answer as a SM S text message,
Twilio takes the SMS text message and posts it via hypertext

Garciaet d

transfer protocol to the Coldfusion-powered SMS end point in
YEMAS. The system then looks at the form data to confirm
that it can determine the participant's phone number
(identification number) and the assigned SM S number (which
is unique to the survey delivered at a specific time of day and
day of the week). Once both numbers are confirmed, the
returned answer (either the number corresponding with the
appropriate response option, the word/phrase corresponding to
the appropriate response option, a combination of the number
and word/phrase, or an open-ended response) is stored in the
database. The collected data can be viewed to observe actual
responses, response rates, and trends, and can then be exported
to a spreadsheet file for further analysis.

Importantly, the subsequent question in the survey will not be
sent by the system until the participant provides atext response
totheinitial question. In thisway, a set of questionsis not sent
all together; rather, questions are sent sequentially following
responses that are received (note-this is similar to what many
private sector businesses currently useto evaluate their services
by text; a question is sent and when aresponseis provided, the
next question is delivered). Therefore, if a participant chooses
not to respond to a question, that survey (for that time of day
only) is stopped. Investigators can provide the response option,
“skip this question,” to allow participants to move on to the
next question. To avoid receiving responsesfor survey questions
sent the previous day, each survey had a unique phone number
from which the survey was delivered and this number changed
at midnight, in addition, each text was time and date stamped
to alow for monitoring responsiveness.

Figurel. YEMAS SMS-based ecological momentary assessment data collection process.
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Textbox 2. Example survey.
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« How HAPPY were u feeling just before u got thistxt?

1.Not at all, 2.A little, 3.Quite abit, 4.Extremely
« How TIRED were u feeling just before u got this txt?

1.Not at all, 2.A little, 3.Quite abit, 4.Extremely
« How ENERGETIC were u feeling just before u got this txt?

1.Not at all, 2.A little, 3.Quite abit, 4.Extremely
«  WHERE were u just before u got this txt?

Open-ended
o  How SAFE do u feel where ur right now?

1. Unsafe, 2. Somewhat safe, 3. Very safe
o Wereu ALONE just before u got this txt?

1. Yes, 2. No
e Wereuwith ur MOM or DAD just before u got this txt?

1. Mom, 2. Dad, 3. Both, 4. Other adult 5. No one

Open-ended
o Would u say ur generally healthy 2day?

1. Yes, 2. No
«  How many hours of sleep did u get last night?

Open-ended

« Do ur parent(s) know who most of ur friends R?

1. Yes, 2. No

«  Describe something stressful u had to cope with since the last txt survey.

Table 1. Example survey schedule.

Weekdays Weekends
(Monday-Friday) (Saturday-Sunday)
6:30 AM 10:30 AM

2:30 PM 3:00 PM

6:00 PM 6:00 PM

9:00 PM 9:30 PM

Pretest of YEMAS

We pretested Y EM A Sthreetimeswith threeteens (not involved
in the pilot study) and six research team members. The first
pretest with teens consisted of a 12-question survey sent twice
in oneday (morning and evening), which allowed usto observe
how the texting would work and qualitatively assess perceived
response burden. At the end of this pretest, the three teenswere
asked four questions, also by text, to assesstheir experience. A
second pretest with team members allowed usto refine question
wording. We also ensured that all survey questions fit into a

http://www.mhealth.jmir.org/2014/1/e3/

single SMS text message (met character number restrictions),
and that the introductory text for each survey (ie, “Good
afternoon. It's time for a survey”) was sent before the first
survey question. A final pretest with teens focused on ensuring
that survey times were appropriate, survey gquestions were sent
and received at the programmed time, and that once aresponse
was received, the subsequent question followed immediately.
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Phase | I-YEMAS Feasibility Pilot Study

A feasibility study was conducted to establish the utility of
YEMAS and to test data collection and management over an
extended period of time with adolescent participants.

Setting

Recruitment of study participantstook placein two urban public
high schoolsin St. Paul, Minnesota. Both schools were similar
with respect to the number of Latino students, but one had

greater representation of students of color, and students
qualifying for free or reduced lunch.

Participants and Recruitment

Girls were €eligible to participate if they were attending one of
the participating high schools and self-identified as Latina.
School recordsindicated that there were 100 digible girlsacross
the schools; of these, 96 were contacted by a research team
member about the study and invited to participate. There were
four girls that did not have confirmed contact, because they
were possibly not at school on the days recruitment occurred,
and they did not respond to the mailed information about the
study. A research team member actively recruited during school
lunch periods and at outreach events for Latino parents. There
were 27 adolescentsthat indicated interest; of these, 24 returned
written parental consent forms, completed assent processes, and
enrolled in the study. Both schools and the University
Ingtitutional Review Board provided approval for this study.
Participant identifiable information was kept separate from the
rav EMA texted data, which were linked to the telephone
number from which the texting originated.

Measures and Pre- and Postsurvey [tems

Upon enrollment, participants completed a baseline survey
including demographics and self-reported health behaviors,
mood, perceived stress, coping, socia networks, and family and
school connectedness. Standardized measures with established
reliability and validity with adolescents were used in the survey.
The survey consisted of 241 questions ranging from assessment
of perceived ability to cope, to connections with family. A
postsurvey was administered at the end of the study. A majority
of participants completed this survey by computer viaREDCap,
a secure, Web-based application for building and managing
computer surveys and databases [11]. The survey required
approximately 40 minutesto complete. Through REDCap, each
participant received an individual link sent directly to her email
account. Once they clicked the link they could start the survey
and stop and come back to it a any time. A minority of
participants preferred to complete the survey manually, with
their responses subsequently entered by the research assistant.

Procedures

Enrolled girls were given detailed instructions regarding the
texting process; those without their own cell phone (n=4) were
provided a phone limited to texting capabilities and were
instructed regarding its use. A mini-manual was provided to
each girl, describing the study, the texting process, example
texting items, and how to contact the research team with
guestions. Therewere two texting protocols (A and B) that were
used to examine different strategiesthat could optimize response
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rates. Girls were randomly assigned to start with Protocol A or
Protocol B, which they completed for two weeks, and following
a two-week break, they crossed-over to the other protocol.
Protocol A required the girls to respond as quickly as possible
to the texted questions, grouped and sent four times per day (ie,
signa sampling). Protocol B advised the girls to provide
open-ended texts to describe how they were feeling when
particularly positive or negative things were happening in their
lives (ie, event sampling). In addition, Protocol B included the
four scheduled surveys of Protocol A, but girls were informed
they could respond to the texts whenever they wanted. Each
morning they received a text reminding them to offer
open-ended textsthat could bein responseto thefirst scheduled
survey that day.

The survey measures delivered via SM Stext messagesincluded
Likert scales and open-ended questions assessing individual-
and social-level factorsinfluencing well-being (eg, affect, social
context, parental monitoring). Some of the measures were
derived from established longitudinal surveys of adolescents
(ie, AddHealth, Minnesota Student Survey), and others were
developed explicitly for this study. All questions were adapted
for texting purposes, using common abbreviations for specific
words (for example, the word “you” shortened to “u”).

How often a survey item was delivered was based on the kind
of behavior and/or event being assessed and the likelihood of
occurrence throughout the day and week for adolescents. For
instance, items assessing momentary mood and activity
participation, interest, and motivation were assigned amaximum
frequency of two times per day. Alternatively, items assessing
parental knowledge of activities and bullying were assigned
frequenciesranging from once per week to threetimes per week.
An entire survey instrument (ie, Positive and Negative Affect
Schedule feelings scale) was not completed in one survey, but
all itemswere asked viaEMA, spread across different times of
day and days of week. The response burden was considered (ie,
open-ended items that required more effort were not assessed
more than once per day), the number of questions for each
survey ranged from 11 to 21, with each survey designed so that
all questions could be answered in five minutes or less (the
Multimedia Appendix A showsthe completelist of EMA items
and frequency with which they were administered). It is
important to notethat all participantsreceived identical surveys
for the sametime period (ie, Monday morning, Friday afternoon)
to facilitate comparison of EMA data across participants.

Participants wereinformed of the date that the SM Stext surveys
would begin. Additionally, a study research team member
provided personalized reminder texts or calls, based on the
participant’s preference, to increase response rates and study
involvement. Participantswere provided with reminders before
each protocol resumed after the two-week break and once a
week throughout each two-week study period. Text responses
were monitored every other day, and if a participant had not
responded to texts for up to 2 days, they were contacted to
confirm receipt of texts and to determine that there was not a
problem with their phone. This monitoring, completed by the
research assistant, was not required from a system perspective,
but contributed to obtaining high quality pilot study data. On a
few occasions a girl’s phone number had changed. When the
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system was updated with the correct number their texting
responses resumed.

To pilot test the YEMAS, aresearch team member received all
the texts that were sent, in this way system issues were readily
identified and addressed. For example, evening surveys were
to occur no later than 9:30 pm, but on one occasion the survey
was texted around 11:00 pm. On another occasion, the same
guestion was sent multiple times only seconds apart. These
problemswereidentified and corrected with careful monitoring
through the study. All problems were not identified during
pretesting of the system primarily because sel ected surveys, but
not all 28, were pretested. In addition, telecommunications
complications may be specific to phone models or companies,
and these may not arise during a pretest.

Compensation Structure

Participants received modest compensation ($5 gift card) for
completion of the REDCap surveys. To encourage texting
responses, participantswere provided entriesinto adrawing for
an iPod touch, the number of entries per person correlated with
their percentage of text responses to reward responses.

Results

Participant Demographics

Participants were between 14 and 17 years old (mean age 15).
In thisfeasibility study, four participants required a cell phone
to be provided for survey completion. Among those girls who
had a phone, all had unlimited texting plans and did not require
financial support to upgrade their cell phone service plan. All
but one participant had Internet access at home or a friend’'s
house, which was necessary for the completion of the pre- and
postsurveys. The Internet was available at both schools and one
participant utilized a school computer lab to complete her
surveys.

Feasibility
In order to establish the feasibility of YEMAS, we conducted

analyses addressing protocol adherence, examining the number
of responses to each protocol, the percentage of participants
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who responded to texts daily, and the percentage of questions
completed during a given two-week data collection period.

The number and percentage of participants who responded to
texts daily is provided in Table 2 for Protocol A (signal-based
sampling) and Protocol B (event-based sampling) for three
“rounds’ of texting. Girlswere recruited over time, and for this
reason they entered the study during Round 1 or Round 2. All
girls who participated during Round 1 were new recruits who
were randomly assigned to receive Protocol A or Protocol B.
Girls who participated during Round 2 were a mixture of new
recruits and girls who were completing the second protocol (ie,
a cross-over design). Girls who participated in Round 3 were
all completing their second protocol.

As shown in Table 2, participants completing Protocol A
responded to surveys on a greater proportion of days. This
adherence to Protocol A occurred regardless of whether
participants had been assigned to the sequence of Protocol A
followed by Protocol B or vice versa. However, the first group
of recruited girls (Round 1) had high proportions of responses
regardless of assigned protocol. This could reflect greater
interest in the study among girls recruited early as compared
with girls recruited in future rounds, or it could be a function
of response burden (Round 2 represents new recruits and the
cross-over of Round 1 participants, whose interest in the study
might have waned over time).

Table 3 provides the percentage of questions completed within
each protocol. It isinteresting to note that the rate for Table 3
is based on how many questions are responded to at each time
point, as compared with therate for datain Table 2 being based
on how many days texts were responded to, thereby offering
insight into responses across and within days of texting data
collection. The data reveal that Protocol A (signal-based
sampling) yielded a dlightly higher response rate among
adolescents (see Table 3). Figure 2 shows a weekday average
response. It is possible that Protocol B (event-based sampling)
resulted in greater burden for participants. This is consistent
with findings from other studies that have shown greater
response rates for signal-based sampling than event-based
sampling, even for events that appear well defined, such as
asthma attacks [2].

Table 2. Texts and mean percentage of daily responses among participants by protocol and data collection period.2

Protocol A
Signal-based sampling
Participants, n (texts, n)

Mean text response rate, % (range, %)

Protocol B
Event-based sampling

Participants, n (texts, n) Mean text response rate, % (range, %)

Round1l 7 (4963) 99 (94-100)
Round2 11 (6328) 84 (47-100)
Round3  2(323) 53 (40-100)

7 (2009) 96 (94-100)
8 (2746) 11 (11-100)
5 (1925) 56 (13-87)

@0nly participants who responded to at least one survey occasion during the round of surveys were included in these numbers.

Table 3. Mean percentage of questions completed by protocol at each time point.

Protocol Response rate 95% ClI
A (signal-based sampling) 79.59 70.53-88.66
B (event-based sampling) 71.21 61.97-80.45
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Figure 2. Weekday average response and 95% ClI.
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Discussion

Purpose of the Study

The purpose of this study was two-fold: (1) to develop a
Web-based automated system for real time SM Sdatacollection,
and (2) to pilot this system with a subset of L atina adolescents.
Thispreiminary study provided important information, resulting
in recommendations for next steps utilizing text surveys for
collecting real time longitudinal data.

Our research team devel oped and pil ot testedthe YEMAS. This
project has moved the field of EMA data collection forward.
Previous studies focused on collecting and storing EMA data
viaPalm Pilots and cell phones[2,5], however, few researchers
have reported use of an infrastructure that allows for real time
assessments [6,7]. The findings of this study suggest that it is
possible to employ immediate data transfer protocols, taking
advantage of capabilities of cell phone and texting technology,
rather than using outdated methods of storing data that require
manual or schedul ed remote uploading at various points during
the study. Achieving immediate avareness of responses, aswell
as monitoring compliance daily, allowed timely follow-up with
participants.

This study also hasimplications for the waysin which dataare
collected from adolescent participants in descriptive and
intervention studies. In particular, studies promoting the
emotional well-being of adolescents may uniquely benefit from
capturing real time, in vivo momentary assessments via SMS
text messaging, which promote a more accurate picture of the
frequent fluctuationsin affect experienced by many adolescents.
SM Stext messaging data could be used to compare against and
augment traditional forms of data collection, such as periodic
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reports of mood during clinic visits or annual nationally
representative cross-sectional surveys of youth. Data
triangulation could offer important, new insights informing
health behavior promotion and intervention research. In
developing and piloting YEMAS, our project team learned many
valuable lessons specific to the logistics of ensuring smooth
system functioning.

As a population who frequently uses cell phones, many of us
have experienced the problems and frustrations associated with
sending text messages. Unfortunately, some of theseissueswill
also arise when using SM S text messages and cell phones as a
platform for collecting data (eg, EMA data). Even with
programming accuracy, the nature of cloud-based SMS
telecommunication allows for occasional mishaps, such astext
responses arriving out of order. The type of automated system
for data collection used in this study proved to be a very useful
and important tool that will undoubtedly become more popul ar
for collecting real time information from study participants.
This type of system reduces the costs (ie, approximately US
$.01/text) and offers capacity for large-scale automated EMA
data collection.

Participants Text Responses

An intriguing aspect of using SMS text messages to collect
survey data was that, unlike many computer-based or
paper-based surveys, participants’ responses were not limited
to a single number or rating. Participants frequently provided
contextual details to elaborate on their responses. While this
type of information will be useful as we create future studies,
it also created some difficulty with the initial data analysis,
requiring closer inspection of many of the responses because
automatic coding proved to beinaccurate (eg, instead of simply
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texting “yes,” the respondent said, “yes, | am just hanging out,”
which required manual recoding as “yes’). The result was a
time-consuming data cleaning process that reduced the 21,000
texted responsesto 17,717 in the final cleaned data set. Some
common reasonsfor removing atexted response were duplicates
(text of a“y” sent followed by “yes’ to the same question), split
texts (one answer split across two texts).

The research team had to be familiar with texting shorthand
linguistics, which required the occasional input from people
outside of the study to determine what some responses meant.
Most people are familiar with the term “lol” (“laughing out
loud”), but others such as “Idk” (“I don’t know”) or symbols
such as<x_x> (“smiling”) required investigation.

One final, and less frequent, problem was responses that
appeared to be messages intended for other recipients. This
problem is unique to this type of study because we are using
text messages sent on participants’ cell phones, which are also
being used for any number of other activities (ie, texting friends,
talking on the phone, listening to music, taking pictures, or
going on the Internet). Given the nature of text messaging and
the use of texts as the preferred way for adolescent
communication, it is probable that participants received survey
guestions at the same time they received or were sending
messages to their friends or family. Sending a message to the
wrong person is possible, especially when someone is
interrupted in the midst of writing that message. Therefore, it
islikely that some of the responses received were intended for
other people (for example, the text message “ok,” which is
commonly usedin everyday life, did not make sensein response
toa“yes’ or “no” question, such as “Did ateen threaten u at
school 2day?’). This is a potential problem for any study
utilizing communication technology; however, in our study
these occurrences were rare, and comprising less than 0.5% of
the 14,000 responses. In addition, these errors were easily
identified during the cleaning process. Future studies could
include algorithms prompting automated follow-up when
nonsensical or incongruent responses occur.

Thispilot study thusyielded many valuableinsights. Our study
advanced understanding that adolescents respond with higher
ratesto signal-triggered data collection rather than event-based
sampling. Additionally, the development of a university-based
system linked to an existing Web-based AP (ie, Twilio) proved
to be efficient. This pilot study led to discussions with Twilio
about customization and potential improvementsto their system
that could strengthen YEMAS in future studies. Finally, a key
success from this pilot study was the creation of the
infrastructure for a system that can be used to simultaneously
survey numerous participants using SMS, a technology that is
very accessible and already in widespread use across all
socioeconomic levels nationally and globally.

Usesfor YEMASIn Health Research

There are numerous uses for the YEMAS as aresearch tool in
health research. From descriptive studies exploring new
phenomenato randomized controlled intervention trials, EMA
data collected viatext messaging have potential to provide both
new and complementary insights. As an addition to traditional
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self-report pre- and postintervention survey data, EMA data
offer real time insights that can be efficiently collected and
analyzed within and across multiple time points. Prospectively,
these data could be useful in describing day-to-day fluctuations
in characteristics or variables that are difficult to capture
effectively in traditional survey approaches, including moods,
feelings, or fluctuationsin social relationshipsand interactions.
Indeed, momentary sampling is more appropriate for factors
that do not remain constant over time. Therefore, a system like
YEMAS is essential for collecting data on these factors,
independently, or as a complement to data collected through
traditional methods.

Although YEMAS was designed initialy for use with
adolescents, the structure and system that have been created
could be used with any research population. The survey
questions and frequency of their delivery can be determined by
the research team and guided by specific study aims. Text
messaging isacommon communication tool inthe 21st century
among all ages and ethnicities [23,24]. As a Web-based tool,
the YEMAS can facilitate data collection from any target study
population anywhere in the world. The availability of apps that
facilitate texting at no cost (ie, Blackberry Messenger, What's
App) is contributing to the waysin which SM S technology can
be combined with Web-based systems for effective
contextualized data collection in behavioral health research.

Limitations

The study haslimitationsto consider when interpreting results.
The small sample size was appropriate for a pilot study, but
limits generalizability of the findings. Similarly, the
homogeneity of the adolescents (Latinafemales) is a strength,
but limits relevance to non-Latina adolescents and males.
Finaly, items were asked within each EMA survey in a
sequential manner, rather than randomized in order. Thisis a
limitation that could be avoided with additional sophisticated
programming that would alow for within survey selection of
sequential items (ie, those that are in follow-up to a previous
question) and randomi zation of the order of remaining questions.
This study was focused on feasibility and therefore providesan
important foundation upon which future research can build and
establish EMA data collection best practices among adol escents.

Conclusions

This study demonstrates the feasibility of conducting EMA
through SMS (texting) among adolescents. This approach
capitalizes on immediate data transfer protocols and enables
the documentation of participants thoughts, feelings, and
behaviorsin real time. Data are collected using mobile devices
that are familiar to participants and nearly ubiquitous in
developed countries. Further, our research team has devel oped
YEMAS, acontent management system that facilitates efficient
and automated data collection, management, and storage. The
YEMAS approach to EMA is broadly applicable to studying
the health behavior of individuals who use texting technol ogy.
The tools and protocols described in this manuscript thus have
the potential to complement or transform existing approaches
to studying self-reported phenomena among individuals that
may fluctuate over time.
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Abstract

Background: Crisis situations bring about many challenges to researchers, public institutions, and governments in collecting
data and conducting research in affected individuals. Recent developments in Web-based and smartphone technologies have
offered government and nongovernment organizations a new system to disseminate and acquire information. However, research
into thisareaistill lacking. The current study focuseslargely on how new socia networking websitesand, in particular, smartphone
technologies could have helped in the acquisition of crucia research data from the general population during the recent 2013
Southeast Asian Haze. This crisis lasted only for 1 week, and is unlike other crisis where there are large-scale consequential
after-effects.

Objective: To determine whether respondents will make use of Internet, social media, and smartphone technologies to provide
feedback regarding their physical and psychological wellbeing during acrisis, and if so, will these new mechanisms be as effective
as conventional, technological, Internet-based website technol ogies.

Methods: A Web-based database and a smartphone application were developed. Participants were recruited by snowball
sampling. The participants were recruited either via a self-sponsored Facebook post featuring a direct link to the questionnaire
on physical and psychol ogica wellbeing and also a smartphone Web-based application; or viadissemination of the questionnaire
link by emails, directed to the same group of participants. Information pertaining to physical and psychological wellbeing was
collated.

Results: A total of 298 respondents took part in the survey. Most of them were between the ages of 20 to 29 years and had a
university education. More individuals preferred the option of accessing and providing feedback to a survey on physical and
psychological wellbeing via direct access to a Web-based questionnaire. Statistical analysis showed that demographic variables
like age, gender, and educational levels did not influence the mechanism of access. In addition, the participants reported a mean
number of 4.03 physical symptoms (SD 2.6). The total Impact of Event Scale-Revised (IES-R) score was 18.47 (SD 11.69),
whichindicated that the study population did experience psychological stressbut not post-traumatic stress disorder. The perceived
dangerous Pollutant Standards Index (PSI) level and the number of physical symptoms were associated with higher IES-R Score
(P<.05).

Conclusions: Thisis one of the first few studies demonstrating the use of Internet in data collection during an air-pollution
crisis. Our results demonstrated that the newer technological modalities have the potential to acquire data, similar to that of
conventional technologies. Demographic variables did not influence the mechanism of usage. In addition, our findings also
suggested that there are acute physical and psychological impacts on the population from an air-pollution crisis.
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Introduction

Dissemination of | nformation

Crisis situations bring about many challenges to researchers,
publicingtitutions, and governmentsto collect dataand conduct
research in affected individuals. In every crisis, communication
between the general population and government is the key to
enhance survival and reduce harm. This is especially so given
the unpredictable nature of the crisis, and when the impact
resulting from the crisis is significant [1]. Citizens who are
being implicated by the crisis are naturally highly aroused and
stressed. Thus, public health organizations have an obligation
to keep the general population adequately informed of the latest
information, and to provide them with necessary advice based
on the changesin the situation [2].

Past research emphasized that the most critical aspect during a
crisiswasthe selection of appropriate communication channels
that had the highest degree of coverage and to be able to reach
the population at risk. Studies on a cohort of Americans
identified that the most trustworthy source of information during
acrisiscame from the doctors[3]. Studies conducted on people
in Southeast Asiaor Malaysiaduring the recent HIN1 influenza
crisisidentified that newspaper, television, and family members
were the most trustworthy sources of information [4]. In
comparison, similar studies done in the European population,
like the Dutch, identified that the most trustworthy source of
information came from the mass media during an outbreak of
respiratory infectious disease [5,6]. During the 2011
Enterohaemorrhagic Escherichia coli (EHEC) outbreak in
Germany, the usage of a Web-based medium as a modality of
communication of critical information was reported [7]. The
study identified the Internet to be the most popular medium for
dissemination of EHEC-related information, with news and
newspaper websites as the most often consulted Web-based
sources. Participants were noted to be skeptical of information
posted on social networking sites and medialike Facebook and
Twitter [7], but thisfinding was preliminary dueto small sample
size (n=18 students).

Case: The 2013 Southeast Asian Haze Crisis

Recently in Southeast Asia, the Southeast Asian Haze has been
amajor cause of concern for all of the Association of Southeast
Asian Nations (ASEAN) countries, due to it being amajor air
pollution disaster, with significant implications on health,
socioeconomic, and even palitics. The countriesusually affected
include Malaysia, Singapore, Brunei, Southern Thailand, and
Indonesia. The 2013 haze that occurred from the second half
of June was reported to be one of the worst air-pollution crises
in Southeast Asiawith massive and far-reaching implications.

Thislarge scale, repetitive, air-quality disaster dates back to the
early 1900s, with the first serious episode occurring in 1997,
when fires started in Kalimantan and Sumatra, Indonesia by
farmerswho adopted the " slash-and-burn” technique of clearing

http://mhealth.jmir.org/2014/1/e16/

land for agricultural usage. The estimated economic loss caused
by the 1997 haze crisis was estimated to be US $9 hillion. In
consideration of the massive impact of haze disaster, the
ASEAN Haze Technical Task Force was established to
implement regional and National Haze Action Plans, aswell as
strict no-burn policy in ASEAN countries. Despite effortsbeing
taken to avoid future haze disaster, there was a recurrence in
2006. Economists estimated that Singaporelost at least US $50
million during the 2006 haze crisis. Industrieslike construction
(7% of GDP) and tourism (3% of GDP) were severely affected.
In addition, the losses were attributed to increase in health care
costs, as well as reduction in productivity as a result of sick
leave and inefficiency.

Unlike 1997 and 2006, the 2013 haze crisis has led to
devastating effects for Indonesia’s neighboring countries, such
as Singapore and Malaysia. In view of the poor air quality, the
Singapore government has taken measures to safeguard the
physical wellbeing of Singaporeans [8]. Even in healthy
individuals, the haze may cause medical complications like
conjunctivitis, throat irritation, rhinitis, blocked nasal passages,
excessive sputum  production, and even significant
breathlessness, headache, and slow cognition. In addition, those
who have preexisting respiratory conditions may find their
conditions worsening; those with dermatological conditions
like eczema might also find exacerbation of their skin
conditions; those with preexisting cardiovascular conditions
may suffer an increased risk of myocardial infarction or stroke;
and those who are pregnant and are asthmatic may have reduced
oxygenation of the fetus, thus affecting fetal growth [8]. The
acute onset of such a massive air pollution crisis was what
motivated the authors to consider whether conventional
technologies, as described in previous research, and newer
modalities of technology would be appropriate in reaching out
to the general population, in terms of dissemination of necessary
crisis information, as well as collation of crucia information
from the general population.

Previous research has highlighted the usage of the Internet and
in a crisis situation. The recent developments in Web-based
technologies such as Facebook and Twitter, have offered
government and nongovernment organi zations with new means
of disseminating vital information. These new technological
modalities have the potential to acquire information and
feedback from the general population during a crisis as well,
which is important in assessing how the population is coping
and responding thus far to the crisis. In particular, Keim and
Noji [9] stated that the usage of social media initially started
out during the 2010 Haiti earthquake, where various
technol ogical modalities such astext messaging, Facebook, and
other social mediawere used in theimmediate aftermath of the
earthquake. Text messages were used as a means to gather
donations and funds for relief work. Other technological
modalities were used to disseminate information, gather
donations, and also provide psychological support. Previous
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research has also been done using Facebook technologies to
compare the levels of post-traumatic stress symptoms that
individuals experienced during the 2011 Fukushima nuclear
disaster [10]. These allow the government and rel evant agencies
to closely monitor the current situation at the ground level and
adjust the level of support accordingly [11]. Information
acquired from the genera population includes physica and
physiological symptoms, as well as detecting new cluster of
outbreaks of infectious diseases [11].

Apart from the developmentsin Web-based technol ogies, there
have been further advancesin mobile phone technologies, with
the increasing popularity of smartphones. Smartphones are
equipped with immense computing capabilities and allow
individuals to access the Internet on the go. There has been a
massive surge in the number of smartphone applications that
are made available for downloading. Statistics show anincrease
from 300 million applications being downloaded in 2009 to
over 5 hillion in 2010 [12]. In particular, there are 7000 health
care-related applications available as of 2011 [13]. Most of these
health care applications are able to provide information, advice,
instructions, and have various other interactive tools for
individuals to monitor, record, and reflect their physical and
psychological wellbeing [13]. This application is valuable as
the uncertainty and lack of accurate information often lead to
psychological distress.

Research 1ooking into how newer Web-based technol ogies, such
asthe Internet, advertising on social medialike Facebook, and,
in particular, the latest technologies, such as smartphone
applications, in acquiring crucial information during acrisisis
limited. Hence, our study focuseslargely on how existing social
networking sites like Facebook and newer smartphone
technologies could help in the acquisition of crucial research
data from the general population during a crisis. We applied
our latest technology in the recent 2013 Southeast Asian Haze
Crisis. The results that we obtained would be informative in
helping researchers, public organizations, and governments to
assess and gather information from the general population
rapidly during amgjor crisis. Our research objectiveswere: did
the general population use Internet technologies like socia
media and smartphone technologies to provide feedback to
agenciesregarding their physical and psychological well-being
during an air pollution crisis, and if so, will these newer
mechanisms (social media and smartphone) be as effective as
conventional Internet-based website technological modalities?

Methods

Database Development

The questionnaire (Multimedia Appendix 1), which included
(1) demographics, (2) physical symptoms experienced during
haze, (3) perspectives on usefulness of health care equipment,
and (4) Impact of Event Scale-Revised (IES-R) was written in
English and was included in both the Facebook direct link as
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well asin our Web-based, mobile smartphone application. The
Web-based questionnaire being featured was coded using a
website (Polldaddy). This Web-based database development
software was specially chosen, as it is one of the most robust
platforms on the market that enables the capture of detailed
information, such as the mechanisms of accessing the database
(whether via a direct link or from a mobile device) and other
pertinent information that is relevant to our current study. The
demographics questionnaire comprised of seven itemsin total,
and was used to acquire the baseline characteristics of the
participants in the study, such as gender, age, ethnicity, marital
status, level of education, occupation, and most importantly,
presence or absence of chronic medical illnesses. The
guestionnaire on physical symptoms assessed the presence or
absence of the following physical symptoms: mental slowing,
headache, dizziness, eye discomfort, nose discomfort, mouth
and throat discomfort, breathing difficulty, heart or chest pain,
nauseaand vomiting, gastric or abdominal discomfort, lowness
in movement, and muscle ache or pain. The participants rated
on the range of self-perceived dangerous Pollutant Standards
Index (PSl) values, personal possession and perceived usefulness
of the N-95 mask on 5-point Likert scales. The IESR is a
22-item, self-administered questionnaire that has been well
validated for determining extent of stressreaction after exposure
to stressful circumstances within 1 week of exposure across
different cultural groups. Each item on the scale was
administered via a 5-point frequency scale (O=not at all, 1=a
little bit, 2=moderately, 3=quite a bit, 4=extremely) and higher
scores indicate higher level of psychological stress. The IES-R
provides three subscores, the mean avoidance, intrusion, and
hyperarousal scores, atotal mean IES-R score (divided by the
total number of items) and atotal |ES-R score (without division
by the total number of items). A total IES-R score greater than
or equal to 33 signifies the likely presence of post-traumatic
stress disorder.

Smartphone Development

In addition, a Web-based, smartphone-based application was
also deployed. The Web-based smartphone application was
designed to incorporate the following features. (1) general haze
information, (2) events rescheduling system, (3) hospital
emergency helplinesand 24-hour clinic helplines and locations,
and (4) ascreening questionnaire, as previously mentioned. The
smartphone application was developed to facilitate user's
accessibility of our questionnaire on their smartphone devices.
The Web-based smartphone application was devel oped within
hours of the commencement of the current air-quality crisis by
means of a Web-based toolkit. The Web-based smartphone
toolkit enabled the integration of the above-mentioned feature
viabasic hypertext markup language programming. The authors
have developed a previous events rescheduling system that
tapped in to a text messaging gateway to disseminate
information, and this system was integrated within the
application itself, as shown in Figures 1-7.
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Figure 1. Overview of SgHaze smartphone application.
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Figure 3. Event management system integrated within smartphone application.
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Figure 5. Web-based assessment quiz integrated within application.

-M1 3¢

Haze and
Psychological
Wellbeing

|
|
|
(
\

Thank you for participating in this

voluntary survey.

We wish to understand the impact of

the current Haze on your quality of
\ life. :

This questionnaire is adapted from:

The Hartford Institute for Geriatric

=2 M O

Figure 6. Comparison between direct Web-link access versus Facebook/smartphone access to Web-based questionnaire.

200

Browser Direct Facebook & Mobile App

http://mhealth.jmir.org/2014/1/e16/ JMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 [e16 | p.48

(page number not for citation purposes)
XSL-FO

RenderX


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

JMIR MHEALTH AND UHEALTH

Zhang et a

Figure 7. Overview of platform demographics of Facebook and smartphone application access.
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Recruitment of Participants

This study was a cross-sectional study and participants were
recruited by snowball sampling. The sampling was done either
via a self-sponsored Facebook post that featured a direct link
to the questionnaire and aso the smartphone Web-based
application; or via dissemination of the questionnaire link by
emails, directed to the same group of participants (participants
within the network circle of friends of all the authors, and there
were opportunities for interaction between participants on the
social network if they were common friends to the authors).
The survey was conducted between the periods of June 21st
and June 26th, 2013. The end date of recruitment was decided
upon as the haze crisis had improved significantly with the air
quality in the healthy range by the June 26th, 2013.

Participants who were either the friends of the authors or
medical students previously under the supervision of the authors
were invited to participate in the Web-based database survey.
They needed to fulfill several selection criteria.

These included participants who were (1) above the age of
11-years old, (2) able to comprehend English, (3) living in
Singapore during the period of the crisis, (4) had been exposed
to the environmental air, and (5) knew how to use technol ogical
equipment.

Ethics approval was sought by the members of the Southeast
Asian Haze Research Consortium from the institutional review
board of the Department of Medicine, Shandong University,
People’'s Republic of China. All participants provided their
consent online prior to commencement of the study.

Analysis

The dataset was first extracted from the database and then it
was coded. The demographics datawere subsequently analyzed
using Microsoft Excel, 2013. Basic statisticsfor each categorical
variable, which was matched against the methodology of
accessing the database, was computed. Additional statistical
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analysisinvolving the other questionnaireswas performed using
the SPSS satistical program, version 16.0 for Windows.
Categorical variableswere expressed by number and percentage.
Continuous variableswere expressed asmean (SD). Chi-square
analyses were used to compare demographic data, personal
views on the N-95 mask, and presence of physical symptoms
across two groups based on gender and perceived dangerous
PSI value. Using a subscale of IES-R and total IES-R score as
dependent variables, univariate linear regression were performed
to identify factors, which determined psychological impact
during the haze crisis. Statistical significance was set at P<.05
for all analyses.

Results

A total of 298 individual s participated in this Web-based survey.
Table 1 summarizes the basic demographic characteristics of
all the 298 respondents. Most of the respondentsin the current
study were between the agesof 11 and 29 years, and the majority
were Chinese (210/298, 70.5%). | n addition, the majority of the
respondents had an undergraduate education.

Table 2 summarizes the demographic characteristics of the
participants who took part in our Web-based survey either via
a direct link to the Web-based questionnaire, or via our
Facebook-sponsored post and smartphone application. The
demographics data captured by our Web-based database
(Polldaddy) did not manage to distinguish between users who
have accessed the Web-based questionnaire via Facebook or
via Smartphone application. Most of the respondents in the
current study (112/183, 61.4%) sel ected the option of accessing
the questionnaire directly viathe Web link that was emailed to
them. Only 38.5% (44/115) of the respondents accessed the
guestionnaire toolkit via our Facebook post or via our
smartphone Web-based application, which showed quantitatively
that newer mechanisms of accesswereless popular. Chi-square
statistical analysis was conducted to determine whether
demographic variables (gender, educational status, and age)
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were indeed significant predictors influencing the mechanism  educational status (x%,=0.82, P=.413), and age (divided into 2

of access (direct vs Facebook or smartphone application).
Comparisons between the two groups were done and

demographic variables, such as gender ()(21:0.101, P=.809),

groups: younger than 29, and older than 30) (x22:2.33, P=.311)
were found to be insignificant in influencing mechanism of

acCess.
Table 1. Demographic characteristic of respondents (N=298)
Characteristic Total sample Men Women
(N=298) (n=120) (n=178)
n (%) n (%) n (%)
Age
11-29 210 (70.5) 82 (68.3) 82 (26.3)
30-69 88 (29.5) 38(31.7) 38(31.7)
Race
Chinese 260 (87.2) 99 (82.5) 161 (90.4)
Others: Indians, Malays, and Others 38 (12.8) 21 (17.5) 17 (9.6)
Educational status
Undergraduate 251 (84.2) 100 (83.3) 152 (85.3)
Others 47 (15.8) 20 (16.7) 26 (14.7)

Table 2. Demographic characteristics of respondents who accessed the questionnaire directly compared with those who accessed via Facebook or

smartphone.
Characteristic Direct link sample size Facebook/smartphone sample size
n (%) n (%)
Gender
Men 80 (43.7) 40 (34.8)
Women 103 (56.2) 75 (65.2)
Age
10-19 years 10 (5.5) 2.7
20-29 years 114 (62.2) 83(72.2)
30-39 years 36 (19.8) 17 (14.9)
40-49 years 10 (5.5) 9(7.8)
50-59 years 11 (6.0) 2.7
60-69 years 1(0.5) 2(L7)
Older than 69 years 1(0.5) 0(0)
Race
Chinese 154 (84.2) 106 (92.3)
Indian 17 (9.3) 2(L7)
Caucasian 3(1.6) 1(0.8)
Malays 5(2.7) 3(2.6)
Others 4(22) 3(2.6)
Education
University 152 (83.1) 100 (87)
Junior college 22 (12.0) 12 (10.5)
Secondary school 9(4.9) 2.7
No education 0(0) 1(0.8)
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In addition, the respondents reported a mean number of 4.03
physical symptoms (SD 2.6) and thetotal IES-R scorewas 18.47
(SD 11.69). The five most common physical symptoms among
the 298 participants included mouth or throat discomfort
(205/298, 68.8%), nose discomfort (183/298, 61.4%), eye
discomfort (181/298, 60.7%), headache (149/298, 50.3%), and
breathing difficulty (120/298, 40.3%). For the psychological
impact, the mean intrusion score (mean 0.96, SD 0.63) wasthe
highest, followed by mean hyperarousal score (mean 0.85, SD
0.74), and the mean avoidance score (mean 0.71, SD 0.5) was
the lowest. When comparing the responses between male and
female participants, 97.7% of the women were more likely to
report usefulness of the N-95 mask (x%=7.353, P=.007) and
66.3% of the women also reported the presence of eye
discomfort (x21:5.718, P=.017). There were no significant
differences between men and women in demographicsvariables
and scores on psychological impact. Respondents were further
classified into two groups based on the perceived dangerous
PSI value. Respondents who perceived lower PSI value (<250)
asdangerouswere more likely to comefrom other ethnic groups

(x?,=9.487, P=.002); report the presence of mouth or throat

discomfort (x,=10.236, P=.001), nausea or vomiting (x*=
5.697, P=.017), higher number of physica symptoms
(t,96=2.522, P=.012), higher mean intrusion score (t,gs= 2.198,
P=.029), higher mean hyperarousal score (t,06=2.488, P=.013),
higher total mean |ES-R score (t,95=1.990, P=.047), and higher
total IES-R score (t,g5=1.990, P=.047).

Table 3in Multimedia Appendix 2 summarizes the factors that
determined the psychol ogical impact during the hazecrisis. The
perceived dangerous PSI level was negatively associated with
the mean intrusion score, where B is the effect size and SE is

the standard error (B=-0.162, SE=0.074, R?=.016, P=.029),
mean hyperarousal score (B=-0.217, SE=0.087, R’=.020,
P=.013), total mean |ES-R score (B=-0.124, SE0.062, R2:.013,

P=.047), and total |ES-R score (B=-2.734, SE=1.374, R?=.013,
P=.047). Thetotal number of physical symptomswas positively
associ ated with the mean avoidance score (B=0.048, SE=0.011,

R’=.061, P<.001), mean intrusion score (B=0.075, SE=0.013,
R’=.095, P<.001), mean hyperarousal score (B=0.130,
SE=0.015, R?=.207, P<.001), total mean |ES-R score (B=0.080,
SE=0.011, R?=.153, P<.001), and total IES-R score (B=1.759,

SE=0.240, R*=.153, P<.001). The demographic variables, actual
PSI score during the survey and views on the N-95 masks were
not associated with psychological impact during the haze crisis
(P>.05).

Discussion

Principal Findings

From our current knowledge, this is one of the few studies to
formally assess the application of Internet-based social media
and a smartphone-based application to gather data from the
general population during a crisis. This study was
methodologically feasible and demonstrated the useful ness of
social medial and a smartphone-based application during a
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severe air-pollution crisis, which necessitated individuals to
stay indoors, and helped to reduce the barriers pertaining to
recruitment. Multiple social activities and eventswere curtailed,
and the genera public had to engage in other home-based
activities. Engaging in Web-based socia networking activities
was a popular option. Our current findings showed that more
individuals preferred the option of accessing and providing
feedback to a questionnaire on physical and psychological
well-being by direct Internet Web-link access, as compared with
indirect access via Facebook or even a smartphone application.
Our results did show, that for our current study, demographic
variables such as gender, level of education, and age did not
significantly affect the mechanism of access. Our current study
showed that for the Asian population surveyed, demographic
variables did not predict whether individuals would use either
direct Internet access to provide feedback about their physical
and psychol ogical well-being, or whether they would use newer
modalities of technologies like socia media (Facebook) or a
smartphone application.

In addition, our findings show that the perceived dangerous PS
value, not the actual PSI value and number of physica
symptoms determined the psychological impact during the haze
crisis. Furthermore, the higher number of physical symptoms
was associated with greater psychological impact. Thisfinding
suggests that reduction in the number of physical symptoms
may reduce psychological impact during hazecrisis. Also, from
our analysis, the total IES-R score was 18.47 (SD 11.69). A
total IES-R score of 33 or more signifiesthe likely presence of
post-traumatic stress disorder [14]. Our results suggest that the
haze did not cause post-traumatic stress disorder in the general
population, but it caused mild to moderate psychol ogical impact.
Intrusive symptoms such as recurrent thoughts and feelings
weremore common than hyperarousal and avoidance symptoms
in our study population. The local government played a key
rolein reducing the psychological impact. On June 21, thelocal
government took immediate measures to protect its citizens,
including hourly updates of the PSlI value on television,
cancellation of all school activities, offering medical subsidies
to treat physical discomfort associated with haze, and providing
1 million free N-95 masks to the needy households [15]. Asa
result, the personal possession and perceived usefulness of N-95
masks were not predictors of psychological stress.

As there was no previous study on the physica and
psychological impact of the haze crisis, theinterpretation of our
findings mainly relied on previous studies on infectious disease
outbreak, such as severe acute respiratory syndrome (SARS) in
the Southeast Asia. Our findingswere similar to astudy reported
by Lee et a [16] on the psychological responses of pregnant
women during the SARS outbreak in Hong Kong in 2003. Lee
et al [16] reported that anticipatory worrieswere common among
the pregnant women during the SARS outbreak; overestimation
of risk led to higher level of anxiety and thelevelsof depression
were similar between the SARS and pre-SARS outbreak
cohorts. In our study, the inverse association between the
perceived dangerous PS| values and mean scores of intrusion,
hyperarousal, and overall psychological impact suggest that
people who have lower threshold for hedth hazard are
vulnerable to greater psychological impact when air quality
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deteriorates. Thelow threshold for health hazard and the number
of physical symptoms independently determine psychological
impact and these factors may contribute to the anticipatory
anxiety. Our study did not find a difference in the levels of
psychological impact between respondents who filled the
guestionnaire out during the periods with low and high PSI
values. Lee et a [16] found that people tended to receive more
socia support during the SARS outbreak. We did not measure
socia support in our study but it may be possible that people
would receive more socia support from their families during
the haze outbreak, as they tend to stay at home or participatein
indoor activities with families.

Strengths and Limitations

The main strength of the current study is that we managed to
assessthe feasibility of acquiring datafrom ageneral population
using the latest information technology during a crisis. This
study managed to evaluate the differences in mechanism of
acquiring data and showed that demographic variables like
gender, level of education, and age did not significant predict
the mechanism of access to either conventional technological
modalities or newer modalities like social medium and
smartphones.

Nevertheless, there are several limitations in the current study.
Our results are preliminary and cross-sectional in nature. The
crisis that we have selected to evaluate lasted only for 1 week
and participants were recruited over that short duration of time
as the haze disappeared. Also, unlike that of other disasters,
therewas no large-scale consequential aftermath after thecrisis,
and most individuals were able to get back to norma life
immediately, which is also a major limiting factor in our
research. In addition, our study has an inherent cohort bias, as
the study population consisted of younger and educated
individuals, recruited by snowbal sampling, which is a
nonrandom sampling method. Hence, even though we have
identified the preferences of our respondents, the observation
cannot be generalized to other populations. Nevertheless, we
need to emphasize that we encountered major difficulties with
rapid planning of this research, recruiting participants, and
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gathering data over such ashort period of time with uncertainty.
Asthe impact of the event lasted only 1 week, it is difficult to
plan for and conduct a proper social media network and
smartphone application survey.

Conclusions

Thisisone of the few studies demonstrating the use of Internet
in data collection during an air-pollution crisis. Our methods
may apply to future research on a natural disaster or outbreak
of aninfectious disease. The Internet and recent advancements
in information technology allow researchers to capture data
during a crisis, which was impossible in the past. Traditional
face-to-face interviews come to a halt when people have to be
guarantined to avoid spread of infection or staying at home to
avoid adverse physical environment. The Internet alows
researchers to overcome such barriers. This study compared
conventional Web-based methods of acquiring data against the
newer methods, including the social networking sites and
smartphone applications. Previous studies were limited to
comparison of technologies in relation to dissemination of
information. Our results demonstrated that the newer
technological modalities have the potential to acquire data as
efficiently as conventional technologies, and demographic
variables did not influence the mechanism of access during a
crisissituation. Our current study providesan examplefor future
researchers to develop a platform using the latest information
technology to conduct research during any crisis. This is
especially important for governments and health authorities to
develop such platform in preparation for an unforeseen crisis.

In addition, the current study aso highlights that even a
short-term exposure to haze could potentially lead to
considerable physical and psychological disturbancesin healthy
individuals. The findings provide guidance to health regulators
to reduce the physical symptoms experienced. In addition, itis
important to take note that it is the perceived PSI value that
would determine psychologica impact. Thus, timely
governmental actions, which include increasing awareness and
educating the general public, would help to reduce the
psychological impact experienced.
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Abstract

Background: Public health surveys are often conducted using paper-based questionnaires. However, many problems are
associated with thismethod, especially when collecting dataamong ethnic groups who speak a different language from the survey
interviewer. The process can be time-consuming and thereis the risk of missing important data due to incomplete surveys.

Objective: This study was conducted as a proof-of-concept to develop a hew electronic tool for data collection, and compare
it with standard paper-based questionnaire surveys using the research setting of assessing Knowledge Attitude and Practice (KAP)
toward the Expanded Program on Immunization (EPI) among 6 ethnic groups in Chiang Rai Province, Thailand. The two data
collection methods were compared on dataquality in terms of data completeness and time consumed in collecting the information.
In addition, the initiative assessed the participants' satisfaction toward the use of a smartphone customized-language voice-based
guestionnaire in terms of perceived ease of use and perceived usefulness.

Methods: Following a cross-over design, all study participants were interviewed using two data collection methods after a
one-week washout period. Questionsin the paper-based questionnairesin Thai language were translated to each ethnic language
by the interviewer/trand ator when interviewing the study participant. The customized-language voice-based questionnaires were
programmed to a smartphone tablet in six, selectable dialect languages and used by the trained interviewer when approaching
participants.

Results. The study revealed positive data quality outcomes when using the smartphone, voice-based questionnaire survey
compared with the paper-based questionnaire survey, both in terms of data completeness and time consumed in data collection
process. Since the smartphone questionnaire survey was programmed to ask questionsin sequence, ho datawas missing and there
were no entry errors. Participants had positive attitudes toward answering the smartphone questionnaire; 69% (48/70) reported
they understood the questions easily, 71% (50/70) found it convenient, and 66% (46/70) reported areduced timein datacollection.
The smartphone data collection method was acceptable by both the interviewers and by the study participants of different
ethnicities.

Conclusions: To our knowledge, thisis the first study showing that the application of specific features of mobile devices like
smartphone tablets (including dropdown choices, capturing pictures, and voiced questions) can be successfully used for data
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collection. The mabile device can be effectively used for capturing photos of secondary data and collecting primary data with
customized-language and voiced questionnaire survey. Using smartphone questionnaires can minimize or eliminate missing data
and reduce the time consumed during the data collection process. Smartphone customized-language, voice-based questionnaires
for data collection can be an alternative and better approach than standard translated paper-based questionnaires for public health
surveys, especially when collecting data among ethnic and hard-to-reach groups residing in multilanguage-speaking settings.

(JMIR Mhealth Uhealth 2014;2(1):€7) doi:10.2196/mheslth.3058

KEYWORDS

expanded program on immunization; EPI; ethnicity; mobile technology; smartphone questionnaire survey; voiced question

Introduction

The paper-based questionnaire survey is the most frequent
method used to collect health data, especially in low- and
middle-income countries, where there is normally limited
resources and technology [1,2]. Despite the fact that this has
been the standard data collection method for decades, there are
still  extensively reported problems with paper-based
guestionnaires, including frequent errors, high storage costs,
and high double-data entry costs. Currently, electronic data
collection methods have been devel oped with the aim of merging
the processes of data collection and data entry [2]. Many
devices, such as persona digital assistants (PDAs) and
smartphones, have been adapted to serve as electronic devices
for data collection, and al of these are increasingly being used
in place of paper-based questionnaires [1,3]. These PDAs and
smartphones have limitations, however, particularly when it
comes to downloading data, because they require telephone
signals or wireless networks. In addition, all data can be
corrupted if PDAs or smartphones are misplaced or stolen, and
data can belost if they are damaged [4-6]. However, electronic
devices for data collection offer the advantages of improved
data quality and consistency through the use of automated
validation procedures and datarange checks. They can integrate
different kinds of formats (images, texts, voice) which can easily
be transferred over long distances through wireless networks.
Moreover, electronic devices for data collection have many
advantages over paper-based questionnaires. There is no need
for data entry or multiple printings, (making them
budget-friendly), they avoid problems arising from illegible
writing, and they can use media during interviews. The
disadvantage is that all collected data is digitally stored and
thereare no hard copiesavailableif problems occur during data
collection. Thus, the el ectronic devices need to be designed and
developed carefully in order to minimize problems and enhance
data collection speed over paper-based questionnaires. Previous
studies using PDASs, smartphones, and Internet-based devices
[4,5,7-9] have reported high response rates and short
data-collection times.

In the context of poor research infrastructure and of increasing
demands for large-scale health surveys, the affordability and
availability of mobile phones and wireless networks create a
viable alternative to traditional paper and pencil methods. A
study conducted in a peri-urban settlement in South Africato
evaluate the use of mobile phones in surveys by using lay
community health workers, reported that using mobile
technology viamobile phones offer benefits over PDAsinterm

http://mhealth.jmir.org/2014/1/e7/

of data loss and uploading difficulties [5]. In contrast, another
study compared the completeness of data collection using the
paper method and e ectronic method using handheld computers
in an office-based patient interview survey [4]. A better return
rate was found on paper- vs el ectronic-based methods. Thiswas
due to technical difficulties experienced with electronic data
collection, and stolen or lost handheld computers. However,
only 0.04% of total items were missing on electronic surveys,
whereas 3.5% were missing on paper ones. Although handheld
computers produced more compl ete datathan the paper method
for return rate, they were not superior because of the large
amount of missing data due to technical difficulties with the
handheld computers[4]. In Uganda, hundreds of health workers
have used PDAs provided by the Ugandan Health Information
Network to collect health data in the field. They revealed that
heslth workersreport increased job satisfaction dueto the greater
efficiency and flexibility provided by the technology [10].
Additionally, a study from India points to users who would not
return to the paper reporting, since the mobile phone reporting
saved time [11].

Besidesthe reported advantages of using smartphonesand PDASs
during surveys in terms of data completeness and timeliness,
the mobile-technology device may also offer an advantage when
collecting textual and picture data in different ethnic dialect
settings. Several major technological innovations contributing
to survey-data collection have been devel oped including graphic
user interfaces and multimedia computing. There were reports
on the effectiveness of using auditory communication and
audio-visual communication techniques as part of the data
collection method, particularly in the multilingual settings
[12,13]. The mobile technology device can be customized to
speak the specific language for each group, and thus standardize
datacollectionin thefield. Thisstudy was conducted to develop
and test new electronic data capture tools using mobile devices
(ie, smartphone tablets) with customized-language, voice-based
questionnaires for data collection among 6 ethnic groups who
speak different languages. The use of mobile-survey datacapture
was compared with the classic paper-based questionnaire method
for data collection about the knowledge, attitude, and practice
of hill-tribe mothers/caretakers toward immunization of their
children. The main objective of this study was to evaluate
differencesin data completeness, time consumed, participant’s
satisfaction, and problems encountered during the two methods
of data collection.
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Methods

Study Sites

We conducted this study in 8 villages under the responsible
areas of Wawi Sub-district Health Promoting Hospital (Mae
Suai, Chiang Rai Province, Thailand). These areas are composed

Jandee et al

of 6 ethnic hill-tribal groups who speak different languages,
have different cultures, beliefs, and lifestyles. These 6 hill tribes,
include Akha, Karen, Mien/Yao, Lisu, Lahu, and Yunnan
Chinese. Most of their spoken languages have no writing system.
Figure 1a presents examples of study sites of these minority
groups on the highland.

Figure 1. (a) Project setting and (b) data collection with smartphone questionnaire.

(b ) Data collection by using smartphone questionnaire in the villages

Note: Pictures were taken as per permission of the study participants

Participants

A sample of 70 mothers with children older than 5 yearsin the
study areas were recruited. The sampling frame was the names
listed in the Wawi-database. The mothersregistered in the Wawi
database were selected by stratifying village locations and
different ethnic groups. According to the routine activities for
management of the Expanded Program on Immunization (EPI)
aswell as other health promotions under the Thailand Ministry
of Public Health, each mother was approached (through ahome
visit) on a monthly basis by a designated Village Health
Volunteer (VHV) to the approximately 10 all ocated responsible
households. Thus, the survey on EPI was conducted by 16
selected interviewers who are VHVs in the study areas. The
interviewers were randomly selected and assigned to collect
data from the randomly-selected hill-tribe mothers/caretakers.

M obile-Technology Initiatives

The hardware requirement for the mobile device to be used in
the field is that the mobile-device hardware must run on the
Java programming language. In terms of technical information
about the mobile technology, the programming was done with
Eclipse (an open source development tool) on Android. Sixteen
smartphone tablet devices were distributed to the 16 VHVs.

http://mhealth.jmir.org/2014/1/e7/
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The concept and workflow of the smartphone questionnaires
aresummarized in Figure 2. Three data collection functionalities
were programmed and installed on the mobile devices, including
dropdown choices, picture capturing, and voiced questions.
Datal/information was collected offline and could be
synchronized onto a server database when data collection was
complete, and when there were telephone signals or wireless
networks available. It should be noted that the personal
information was treated confidentially within the system
applications during the study period.

Dropdown-choice functionality was developed and integrated
into the mobile devices. The questionsthat were developed into
dropdown-choice format, included sociodemographic parameters
of hill-tribe mothers/caretakers and their children such as age,
occupation, ethnicity, income and debt status, number of
children in the family, type of house construction, drive time
to the nearest hospital, vehicle and convenience for travelling
to theresponsible, district hospital inthe area, child birth order,
place of child birth, living with biological parents status, and
source of vaccination. These questions with dropdown choices
were asked at the beginning of the interview followed by other
data collection techniques, specifically, picture capturing, and
voiced questions. Respondents' answers were automatically
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saved to the tablet’s memory. Figure 3a presents the feature for
dropdown choices on the VHV’s smartphone questionnaire.

Picture-capturing functionality is one of the methods for
secondary data collection. This study had to collect data from
the Maternal and Child Health Handbook (M CHH) regarding
immunization history, scheduled vaccination date, and actual
vaccinated date. Thus, capturing a picture of the history of
immunizations over the years as shown on the MCHH bookl et
was incorporated into the questionnaire set. Collecting such
information by an individual, self-reported interview or
manually extracting data from the book would be quite
cumbersome; thus, capturing a picture from the book would
make it easier for interviewers. This could also eliminate data
missing during the data collection process. The immunization
history page was captured as a picture on the smartphone
data-collection device by VHV's and saved automatically to its
memory. If the picture was not clear, the VHV would repeat
the picture-capturing process. Figure 3b presents the
picture-capturing functionality for secondary dataonthe VHV’s
smartphone. After al pictures were synchronized to the server,
electronic formswere devel oped for dataentry from the pictures.
Immunization history data in the picture (scheduled and
vaccinated date) was entered onto an electronic form. When all
data was entered and submitted by the investigator, the
immunization status (completely and incompl etely immunized)
and vaccine schedule compliance status (on time and out of
schedule) were summarized and presented on the mobile device,

http://mhealth.jmir.org/2014/1/e7/
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which became a useful tool for VHVs to monitor the vaccine
program of each child. Figure 4a-c presents the data entry from
a captured picture and the summary statistics of individual
immunization status, as well as their compliance to
immuni zation schedul e status.

Voiced-question functionality was purposively designed to
collect data from 6 ethnicities who speak different languages,
and where most of their languages have no writing system. The
necessity of doing voiced questions on the mobile device arose
from the fact that the VHV's cannot speak all six languages.
This approach would also reduce the use of trandlators when
performing data collection, and, in turn, lower mistranslations
and standardize the question-asking process. The devel opment
of a voice questionnaire on smartphone tablets meant that the
guestionnaires were trandated and incorporated onto the system
screen into the 6 hill-tribe languages and Thai: Akha, Karen,
Mien/Yao, Lisu, Lahu, Yunnan Chinese. Thiswasdoneby local
experts who are able to speak and read both Thai and his/her
dialect languages. When performing data collection, the VHV
would press the bullet button on screen for a question and the
audio of the corresponding question would be spoken to the
mothers/caretakers. The VHV then recorded the answers, all of
which were multiple choice. In this study, the voiced questions
in the smartphone tablet, included knowledge, attitude, and
practice (KAP) of hill-tribe mothers/caretakers toward EPI.
Figure 3c presents the feature for voice-question functionality
regarding KAPtoward EPI on VVHV’ssmartphone questionnaire.
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Figure 2. Concept and workflow of the smartphone questionnaire.
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Figure 3. Feature of 3 functionalities on smartphone questionnaire: (a) dropdown choice, (b) picture capturing, and (c) voiced question.
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Figure 4. (a) Data monitoring on web-based, (b) immunization history data entry from captured picture, and (¢) summary of individual immunization
coverage and schedule compliance status.
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Training of Interviewers

All interviewers had experience using mobile technology  StatelessVac project was conducted in Chiang Rai Province
(smartphone tablet) from the StatelessVac project, which was  from April, 2012 to April, 2013, and aimed to use mobile
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technology for enhancing routine EPI schedule reminders and
behavioral change communication among ethnicity groups.
Although the VHVs had practiced using maobile phone
technology before, the use of mobile technology in this study
was different from the StatelessVac. In this case, its purpose
wasdatacollection in surveys. Therefore, the 16 selected VHV's
in this study received additional training on using smartphone,
voice-based surveys and a'so to reinforce their data collection
skills. They were trained for 2 days on the use of both
smartphone tablets with voiced questions and paper-based
guestionnaire methods. Not only was training on using the
mobile device provided, but the training also included
communication skills and a real-life pilot practice interviews
with hill-tribe mothers/caretakers using both data collection
methods, explanation of questionnaires, trandation of questions
in each dialect languages, and practice to ask permission with
informed consent from hill-tribe mothers/caretakers. All
interviewers were trained individually to ensure that the two
data collection methods were conducted correctly.

Data Collection

For the purpose of comparing the two data collection methods,
customized-language, voice-based survey and the standard
paper-based questionnaire regarding KAP, a cross-over design

Figure 5. Workflow for data collection.

Jandee et al

was adopted. The two groups of hill-tribe mothers/caretakers
participants in this study were: (1) those surveyed by using a
smartphone, voice-based then paper-based sequence, and (2)
those using a paper-based then smartphone, voice-based
seguence. The mothers/caretakers were randomly selected to
the study groups with different sequences. The washout period
between the two data collection methodswas set at 1 week after
the initial data collection method. Most studies with a time
interval of the questionnaire administration for health-status
instruments have ranged from 2 days to 2 weeks; however, a
study investigating the 2-day and 2-week time durationsreported
no dstatistically significant differences in the test-retest
reliabilities of the administered tests [15]. As it is generally
recognized that a very short time interval might lead to the
carryover effects, and with respect to the study population, a
1-week interval was selected to compromise the recollection
biasin this study. The 16 VHVswho were interviewersin this
study visited hill-tribe mothers/caretakers one by one in their
routine job until the sample size of 70 was reached. Work flow
for datacollectionis summarized in Figure 5. Figure 1b presents
data collection using smartphone customized-language
voice-based survey in the villages of the study area (note that
all pictures presented in the figure were taken with permission
from the villagers).

Randomly selected participants (n = 70)
(Karen:6, Akha:15, Lisu:2, Lahu:26, Mien/Yao:9, Yunnan Chinese: 12)

Allocated to collect data by using
paper-based questionnaire before

(n = 35)

Allocated to collect data by using
smartphone questionnaire before
(n =35)

1 week later

1 week later

Changed to collect data by using
smartphone questionnaire

Changed to collect data by using
paper-based questionnaire

Refused to participate (n = 0)

Analyzed (n = 35)

Study Variables

The survey was composed of 16 sociodemographic items in
typica multiple-choice fashion on the paper-based
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Refused to participate (n = 0)
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guestionnaires, and with dropdown choices on the electronic
questionnaires on  smartphone,  customized-language,
voice-based applications. The picture capturing was on mobile
devices only. There were 55 voiced questions, including 25
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items on knowledge toward EPI vaccines, 15 items on attitude
toward vaccination, and 15 items on practice for preparing or
activitiesto vaccination. The outcomes for this particular study
were not about analysis of vaccine coverage or on KAP issues
(which will be described in another study) but on the
comparisons of methodology outcomes from the two data
collection methods. The main outcomes of interest were data
quality composing of data completeness, time consumed, and
participants’ satisfaction with the data collection methods. Data
completeness and time consumed were based on repeated
surveys with different methods from the same participant. The
participants’ satisfaction toward the mobile technology survey
was assessed using a simple Technology Acceptance Model
(TAM) [16,17] in terms of perceived ease of use and perceived
usefulness. Questions included how easy the survey had been
to answer, whether the participant understood the questions
clearly, their convenience during answering, and whether the
electronic data collection had saved time. The satisfaction data
toward using the smartphone, voice-based questionnaire survey
method was collected from mothers/caretakers after the data
collection process was finished.

Ethical Consider ations

This study was a part of the project “Assessment of Expanded
Program on Immuni zation Coverage and its Determinants among
Hill Tribe Children, Wawi Sub-District, Mae Suai, Chiang Rai
Province, Thailand” (awaiting publication). The project was
reviewed and approved by the ethics committee of the Faculty
of Tropical Medicine, Mahidol University (Thailand). This
study involves vulnerable research participants belonging to
ethnic groupsin Chiang Rai province, Thailand. All participants
were informed about all details regarding the study, and asked
to sign aninformed consent form for participating by using their
dialect language. The document was translated by VHVs.

There was no identification of name and family name of the
respondents on the case record forms. The individual
information was kept completely confidential to the researcher
during data collection and analysis. The respondents were able
to stop giving an interview at any time and did not need to give
reason for the withdrawal of their consent.
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Results

Picture Capturing of Data

During the study period, 70 hill-tribe mothers/caretakers were
randomly selected from 363 mothers in the EPI-coverage
assessment project. As part of the initiative of data collection
on smartphone survey, the function of picture capturing was
developed and used to collect the history of immunizations over
the yearsin the MCHH booklet. Pictures of al pages with EPI
recorded on the booklet of each child were taken and then
directly transcribed into database. The data entry screen was
designed corresponding to all data fields on the booklet pages,
and thus all data were manually entered onto the system for
further analysis on EPI coverage. The results of EPI coverage
were beyond the purpose of this study.

Completeness of Data

To assess the effectiveness of the two data collection methods,
35 study participants were randomly assigned to one of the two
study arms in the cross-over of the standard paper-based
guestionnaire survey and smartphone, voice-based survey
methods. The questions captured on smartphone tablets were
programmed to collect and store answersin asequential manner
with no skip pattern, and thus no dataentry errors occurred after
data synchronization. Hence, the use of smartphones with the
voiced-question method produced complete answers
significantly different from the answers obtained from the use
of the paper-based questionnaire method. In the paper-based
guestionnaire  method, 69% (48/70) of hill-tribe
mothers/caretakers answered all questions completely (as
opposed to the 70/70, 100% of smartphone voice-based method).
Out of the 55 items on KAP, the number of questions that had
incomplete answers on the paper-based survey method ranged
from one item (among 17/70, 24% of respondents) to six Items
(1/70, 1% of respondents). As shown in Table 1, the separate
group analysis reveals that the sequence of data collection
method (Group 1: paper before voice, and Group 2: voice before
paper) had certain effect on data completeness. Theincomplete
answers of the paper-based method of Group 1 still ranged from
one item (10/35, 29% of respondents) to six items (1/35, 3% of
respondents), but for Group 2 only one item (7/35, 20% of
respondents) was incomplete.
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Table 1. Data completeness between paper-based and smartphone voiced questionnaire survey methods.

Variables Paper QNN Voiced QNN P
n % n %
Groups1and 2 (n=70)
Complete answer 48 69 70 100
Incompl ete answer 22 32 - -
1 17 24
4 2 3
5 2 3
6 1 1 <.0012
Range (minimum-—maximum) 6(49-55)
Group 1: Paper-voiced (n=35)
Complete answer 20 57 35 100
Incomplete answer 15 43 - -
1 10 29
4 2 6
5 2 6
6 1 3 <.0012
Group 2: Voiced-paper (n=35)
Complete answer 28 80 35 100
Incompl ete answer 7 20 - -
1 7 20 .016%

M cNemar Test used

Time Consumed During Data Collection

During the data collection process with both the smartphone,
voice-based and paper-based questionnaire methods, the time
consumed was measured. Time consumed was calculated in
minutes from the time the first question was asked until the last
KAP question was answered. Table 2 shows the mean duration
of time consumed for data collection and the frequency of
participants who spent different time slots to answer all
guestions. The mean duration of time spent on paper-based data
collection was 32.39 minutes, compared with 22.51 minutesfor

http://mhealth.jmir.org/2014/1/e7/

a smartphone, voice-based survey. Of al participants, 37%
(26/70) and 49% (34/70) spent 0-15 and 16-30 minutes,
respectively, for data collection with the smartphone,
voice-based method while 23% (16/70) and 43% (30/70) for
the paper-based questionnaire method. The time consumed was
significantly different between the two methods; the smartphone,
voi ce-based questionnaire method was significantly faster than
the paper-based method (P<.001). When analyzed separately,
for the two sequences of data collection methods, (paper—voice
and voice—paper groups), significantly shorter times for the
smartphone, voice-based method were still observed.
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Table 2. Time consumed between paper-based and smartphone voiced questionnaire survey methods.
Variables Paper QNN Voiced QNN P
n % n %
Groups1and 2 (n=70)
Time consumed (minutes) <.0012
0-15 16 23 26 37
16-30 30 43 34 49
31-45 7 10 -
46-60 14 20 10 14
61 minutes over 3 4 -
Mean 32.39 2251
Range (minimum—maximum) 84(6-90) 56(4-60)
Group 1: Paper-voiced (n=35)
Time consumed (minutes) <.0012
0-15 8 23 14 40
16-30 11 31 16 46
31-45 4 11 -
46-60 9 26 5 14
61 minutes over 3 9 -
Group 2: Voiced-paper (n=35)
Time consumed (minutes) .0012
0-15 8 23 12 34
16-30 19 54 18 51
31-45 3 9 -
46-60 5 14 5 14

61 minutes over

3pearson chi-square

Participants Satisfaction

All of the 70 hill-tribe mothers/caretakers were assessed for
their satisfaction with being interviewed by a smartphone,
customized-language, voice-based questionnaire survey after
they finished the data collection process. The percentages of
those who scored =80% in each term of satisfaction were: 57%
(40/70) for ease of answering using the voiced questionnaire,
69% (48/70) for understanding questions clearly, 71% (50/70)

http://mhealth.jmir.org/2014/1/e7/

for convenience of responding to questions, and 66% (46/70)
for reduced time for data collection (Table 3). Many of the
hill-tribe motherg/caretakers had a high level of satisfaction
toward the voice-based, questionnaire survey method; they
expressed their approval for mobile technology being used for
surveys. This was despite a few minor problems during data
collection (eg, the system halted for a few seconds, or a poor
quality picture was captured by the VHVs).
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Table 3. Participant’s satisfaction toward the smartphone questionnaire survey (N=70).

Satisfaction toward voice QNN survey n (%)
Ease of answering using the voiced questionnaire
>80% (4-5 score) 40 (57)
>50% (2-3 score) 28 (40)
<50% (1-2 score) 1(1)
Missing 1(1)
Under standing questions clearly
>80% (4-5 score) 48 (69)
=>50% (2-3 score) 20 (29)
<50% (1-2 score) 1(1)
Missing 1(1)
Convenience of responding to questions
280% (4-5 score) 50 (71)
>50% (2-3 score) 19 (27)
<50% (1-2 score) -
Missing 1(1)
Reduce time for data collection
>80% (4-5 score) 46 (66)
=>50% (2-3 score) 22 (31)
<50% (1-2 score) 1(1)
Missing 1(1)
Discussion care (ANC) and EPI servicesin border areas. It was suggested

Principal Findings

The technical challenge of applying novel ideas to develop
customi zed-language, voi ce-based questionnaire functionalities
on smartphones for data collection was manageable. Using a
smartphone tablet for surveys in the field does not require a
telephone signal or wireless network to synchronize data onto
aserver database. In this study, signals varied, as villages were
located in remote highland areas, thus survey activities were
conducted off-line and the data were synchronized when the
telephone signals or wireless networks became available. This
study confirms that data collection via smartphone can be an
alternative method to paper-based questionnaires, even in
remote/rural areas without the constraint of signal availability
[5,9,18]. In this study, though the survey data were transmitted
directly from the study tablets to the secured database server at
the central office, there was no data encryption mechanism
while transferring information to the server. This feature will
be implemented in future design.

The results of this study suggest that novel functionalities of
picture capturing, and voiced-questions on smartphones can
produce dataquality, interms of data.completeness, which affect
thevalidity and reliability of the study outcomes. This supports
the findings of other data-management studies [19,20]. The
same result was found in another study in Thailand [21], in
which mobile-phone devices were used to improve antenatal

http://mhealth.jmir.org/2014/1/e7/

that cell phones developed and integrated into the health care
system could be used successfully, especialy in low-resource
settings [21]. Many previous studies reported the use of
handheld computers (PDAS) for data collection [1,4,18,22], but
a few reveded that they encountered numerous instances of
missing data caused by technical difficulties, or from problems
with loss or theft of the devices. Despite such problems, mobile
technology usein data collection remains afeasible, acceptable,
and preferred method, because it can produce more complete
data than the classic paper-based method. Many researchers
conducting studies using PDAs[4,22] suggested the use of other
hardware solutions, such as tablet smartphones or cell phones,
similar to what was done in this study. However, generalizing
the result of this study in terms of data completeness could be
limited by the cross-over design and small sample size. Even
though there was a washout period between the two
data-collection methods, the participants may still remember
the 55 KAP questions asked using the first method; thus, the
comparison of the methods measured data compl eteness rather
than correct answers of the KAP. The focus of this study was
to compare data quality between the two methods for the
completeness, rather than correctness, of the answers.

Picture capturing for secondary data entry functionality on
smartphones in this study demonstrates the successful
application of new technology to collect data, especially when
collecting data from ethnic minorities who speak different
languages. If the data were to be collected on paper-based
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guestionnaire, there could be two chances of transcription errors,
from the mothers' interview or booklet extraction to paper
guestionnaire and then from paper questionnaire to computer
database. In contrast, there should be fewer data transcription
errors when using picture-capturing secondary data due to
cutting out one step of the data collection process,; data are
entered directly from the picture of data to the computer
database. With the purpose to prove the concept of using picture
capturing for secondary data, the current system has not yet
designed for the feature of double-data entry to cross-checking
data validity. The double-data entry function should be
considered in future electronic questionnaire survey design.
These features represent how technology can be used as a
support tool to facilitate or enhance the work of interviewers
and to increase efficiency of survey data collection with the
complexity of automated i nterviewing systems and i nstruments
[12,13].

In this study the use of the smartphone, voice-based
guestionnaire to collect data on KAP regarding EPI, compared
with the paper-based questionnaire, has shown that the data
collected was more complete, as the program was designed to
ask the questions in sequence automatically. As found in this
study, there were incomplete answers when using the
paper-based data collection method, but none when using the
smartphone, voiced-questionnaire survey method. Thismay be
due to the fact that when performing data collection on paper
guestionnaires some respondents and/or the interviewers
unintentionally skipped a required question, and a few
respondents decided not to answer some questions. In contrast,
the programming on smartphone survey does not alow the
respondents to skip any required question(s). This finding
suggests for future design of electronic questionnaires to be
more flexible all owing respondentswho may want to skip some
questions. Thus, the result was similar to the findings of
household surveys in South Africa that use maobile phones as
data-collection instruments [4,5,23]. Furthermore, previous
studies showed that data recording, transferring, and entry
mistakes were not found when el ectronic devices (PDAs, mobile
phones, tablets) were used for data collection [8,24,25].

Not only was the benefit of data completeness with the
smartphone, voi ce-based questionnaire confirmed, but the results
of thisstudy also suggest that using the smartphone, voice-based
guestionnaire surveys reduced the time consumed for data
collection. This study’s results were similar to the findings of
other studies that reported time spent in data collection using
mobile technology [3,26-28]. Moreover, the study showed the
time consumed during the KAP survey in using the smartphone,
voice-based questionnaires that customized to the participant’s
own dialect resulted in substantial time saving over paper-based
guestionnaires. However, the limitation for the use of
smartphone, voice-based questionnaires in this study was that
none of the voiced-questions were open-ended. With existing
technology, collecting open-ended voice answering for the
voiced-questions can be done, but that will require programming
and adapting the voi ce recognition solution. If open-ended voice
guestions are needed, one should plan their data-collection tool
with such system functionality. However, as stated in previous
studies, when planning to collect data electronically one should
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consider the appropriateness of methods to be used in
accordance with study design, types of data collection, and
characteristics of study participants [7,29].

A previous study was conducted in clinical research to compare
users satisfaction in using two devices for electronic data
collection, laptops and handheld computers[25]. It wasreported
that users found the laptops easier, faster, and more satisfying
to use than the handheld computers. This is similar to the
findings of a study in China on using handheld data collection
tools [22]. Though some technical problems occurred during
the data collection process, it remained a feasible, acceptable,
and preferred method by Chinese interviewers. In previous
studies conducted to assess the acceptability and feasibility of
using amobile phone application for health care delivery among
health care workers, conflicting resultswere reported. The health
care workers expressed their positive perceptions toward
mHealth, but poor uptake in their actua practice was
demonstrated [30]. The survey in this study was conducted as
part of the routine home visit by the community health providers
(VHVs) who work closely with the village, thus they reported
that the use of smartphones could enhance their routine work
for health care service in EPI coverage assessment and can be
used to educate hill-tribe mothers/caretakers when data
collection was finished toward EPI vaccines. Besides
interviewer’s satisfaction, this study also assessed satisfaction
among participants for data collection with smartphone
guestionnaires. The results on wusers satisfaction of
smartphone-voiced questionnaire surveysin this study confirmed
that the underserved, hard to reach, and mostly illiterate users
in the remote areas accepted the technology. The questions
about technology acceptance used in this study suggest that
high percentages of hill-tribe villagers thought that the
customized-language, voice-based questionnaire method for
data collection made them understand the question more and
enabled them to answer accordingly. The survey of VHVS
satisfaction and their overall opinions could be used for
improving the design of future electronic questionnaire survey.

One of thelimitations of thisstudy wasthat it wasasmall-scale
survey, thus the costs for conducting the
smartphone-questionnaire surveys were higher than the
paper-based questionnaires. However, the costs of both
data-collection methods would be similar if the study would be
conducted on alarger scale. Both methods have different costs
according to study scale; however, smartphone questionnaires
would still be afeasible dternativefor collecting field dataeven
in alow-resource setting. [11,18].

The strength of this study was the data-collection tool, which
was developed into a smartphone questionnaire using voiced
guestions to ask all participants in their dialect languages. As
participants of this study speak different languages, and have
varied beliefs and cultures, developing and implementing the
tool was a challenge. Many languages do not have writing
systems, thus most studies conducted among hill-tribe people
often used structured, paper-based questionnaires with
interviewers and/or translators to collect data [31-34]. This
classic method might affect the validity and reliability of data
because the way that interviewers/trandators pose or translate
the questions might induce all participantsto answer inacertain
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direction, and even when asking the same question to different
participants the interviewers/translators may use different
words/meanings. In developing the smartphone, voice-based
guestionnaire survey in this study, all questions were first
translated and recorded as electronic files in the 6 hill-tribe
languages (Karen, Akha, Mien/Yao, Lisu, Lahu, and Yunnan
Chinese, as well as Thai), then the trandated questions were
cross-checked for clear and correct definitions of translation
before piloting the tool for the actual local people who speak
that language in the field. The final version was used in the
study after a few revisions. The results of this study suggest
that mobile devices with customized-language, voice-based
feasibility would have a potential benefit in minimizing
information bias.

Conclusions

This is the first study to present novel features on using
smartphones for survey questionnaires with image-capture and
voiced-interrogation functionality. The mobile device can be
effectively used for photographing secondary dataand collecting

Jandee et al

primary data with a customized-language and
voiced-questionnaire survey. This study has been conducted as
a proof-of-concept that smartphone, customized-language,
voice-based questionnaire surveys can be successfully used for
data collection, especially for the study involving people
speaking multiple languages in the study setting. The benefit
of using mobile technology to collect data can be observed in
terms of reduced time spent in data collection and data entry
processes, and minimizing or eliminating missing data when
collecting data in the field. Moreover, this study suggests that
both interviewers and participants accepted and preferred the
technology being used in terms of its ease-of -use and usefulness
of the device functionalities (dropdown choices, picture
capturing, and voiced questions). There has been an increasing
trend in using mobile technology in health care services and
health research in the past decade, and further studies can be
done, including, but not limited to, the use of several potential
beneficial features of mobile technology applicationsin survey
research, including character/voice recognition,
geospacing/tempora datamanagement, and animation questions.
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Abstract

Background: Medication nonadherence hasasignificant impact on the health and wellbeing of individualswith chronic disease.
Several mobile medication management applications are avail able to help userstrack, remember, and read about their medication
therapy.

Objective: The objective of thisstudy wasto explore the usability and usefulness of existing medication management applications
for older adults.

Methods: We recruited 35 participants aged 50 and over to participate in a 2-hour usability session. The average age ranged
from 52-78 years (mean 67 years) and 71% (25/35) of participants were female. Each participant was provided with an iPad
loaded with four medi cation management applications: MyMedRec, DrugHub, Pillboxie, and PocketPharmacist. These applications
were evaluated using the 10 item System Usability Scale (SUS) and visua analog scale. An investigator-moderated 30-minute
discussion followed, and was recorded. We used a grounded theory (GT) approach to analyze qualitative data.

Results: When ng mobile medication management applications, participants struggled to think of aneed for the applications
in their own lives. Many were satisfied with their current management system and proposed future use only if cognition and
health declined. Most participants felt capable of using the applications after a period of time and training, but were frustrated
by their initial experienceswith the applications. The early experiences of participants highlighted the benefits of linear navigation
and clear wording (eg, “undo” vs*“cancel”) when designing for older users. Whilethere wasno order effect, participants attributed
their poor performanceto the order in which they tried the applications. They al so described being a part of atechnology generation
that did not encounter the computer until adulthood. Of the four applications, PocketPharmacist was found to be the least usable
with ascore of 42/100 (P<.0001) though it offered a drug interaction feature that was among the favorite features of participants.
The usability scores for MyMedRec (56/100), DrugHub (57/100), and Pillboxie (52/100) were not significantly different and
participants preferred MyMedRec and DrugHub for their simple, linear interfaces.

Conclusions; With training, adults aged 50 and over can be capable and interested in using mHealth applications for their
medication management. However, in order to adopt such technology, they must find a need that their current medication
management system cannot fill. Interface diversity and multimodal reminder methods should be considered to increase usability
for older adults. Lastly, regulation or the involvement of older adults in development may help to alleviate generation bias and
mistrust for applications.

(JMIR Mhealth Uhealth 2014;2(1):e11) doi:10.2196/mheslth.3048
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Introduction

M edication Adherence

Asmany as half of all prescriptions are not taken as prescribed,
costing the US health system over US $100 billion per year
[1-8]. A decade ago, the World Health Organization declared
medication nonadherence to be“aworldwide problem of striking
magnitude” and anticipated that “increasing the effectiveness
of adherenceinterventions may have afar greater impact onthe
health of the population than any improvement in specific
medical treatments’ [7].

For chronic conditions such as diabetes, hypertension, and
dydlipidemia, up to one-haf of individuals will stop taking a
medication as prescribed within the first year [8-10]. For
psychiatric conditions, such as depression or bipolar disorder,
one-half are nonadherent by 3 to 6 months [11,12]. The ability
or desire to adhere is dependent on the duration of illness, the
perceived benefit of therapy, adverse effects (real or potential),
and the complexity of theregimen [13]. Effective interventions
for nonadherence can be assimple ashlister packing medications
[13]. However, more intensive interventions are often needed
to improve clinical outcomes, including patient education
[11,13], team-based case management [13], patient
self-management [ 14], telephone follow-ups[11], motivational
interviewing, and provider support through pharmacist
medication reviews or telephone reminders [11].

Thelanguage of adherenceis complex and evolving. Adherence
generaly refersto how a patient takes amedication in relation
to the prescribed timing, dose, frequency, and duration of
therapy [13,15]. True adherence is difficult to measure but is
often assessed through pill counting, prescription refills rates,
and patient questionnaires[16]. Medication persistenceismore
specific and refers to how long a patient continues to take their
prescribed therapy after it isfirst written [9].

The term “compliance” is often used interchangeably with
adherence, but has fallen out of favor in recent years for its
paternalistic implication that a good patient passively follows
physician instructions [16]. “Concordance” has emerged as a
more patient-centered term for adherence in the setting of shared
decision-making, though arecent review found little agreement
on the definition and scope of concordance and little evidence
to support the value of concordant relationships [17]. For the
purposes of this paper, we have chosen the term medication
adherence to refer to the product of collaboration between a
patient and a health care provider, wherein both collectively
identify the goals of therapy and the therapeutic regimen [18].

mHealth and M edication Therapy

Mobile health, or mHealth, applications offer one potential
solution to help patients adhere to prescribed therapy. Over
one-half of American adults own a smartphone and over
one-third own a tablet [19,20]. One in 5 smartphone owners
have downloaded at least one mHealth application [21]. Adults
over age 50 are also accessing mHealth in increasing numbers.

http://mhealth.jmir.org/2014/1/e1l/

A 2010 survey by the American Association of Retired Persons
showed that 89% of individual s over age 50 useamobiledevice
with the most common device being a cellphone and 7% using
a smartphone [22]. Though 1 in 10 respondents are using an
mHealth application to track health measures (eg, weight, blood
pressure, blood glucose), 4 in 10 areinterested in using onein
the future [22].

For mHealth interventions to be both effective and accepted by
end users, it isimportant to understand the differences between
individuals who have, who will, and who will never adopt
mHealth interventions. In the same way that there are barriers
to medication adherence, there are also likely to be barriers to
digital adherence. For example, user experience research has
found users over age 50 can be easily frustrated by conceptual
misunderstandings about the design of mobile devices[23,24].
They may also require training prior to use or may require
devicestailored to their specific needs [25].

Among the thousands of mHealth applications commercially
available, many are designed to help individuals organize and
manage how they take their medications. Adults over age 50
make up the mgjority of medication users [26] and medication
management applications need to consider this large target
demographic. Our objective was to explore the usability and
usefulness of existing medication management applicationsfor
adults over age 50.

Methods

Design and Setting

We used a mixed-methods approach to examine the usability
and user perceptions of commercialy available mobile
medication management applications at the University of
Waterloo School of Pharmacy. We included a qualitative
assessment of user experiences using a grounded theory (GT)
approach, which is reported according to the consolidated
criteria for reporting qualitative research (COREQ) [27]. We
also compared the usability of the test applications with the
Systems Usability Scale (SUS), a vaidated measure of
learnability and user satisfaction [28]. We did not develop any
of the applications tested, and received ethics approval from
the University of Waterloo Office of Research Ethics.

M edication Management Applications

Weidentified medication management applications by searching
the Apples iTunes store using the terms “medication”,
“prescription”, and “drug” . After exploring the descriptions of
over 100 mobile applications, two researchers identified and
downloaded 22 applications focused on helping consumers
manage general medication therapy rather than medications
related to a specific illness. The researchers independently
explored the functionality of each application by entering alist
of prescription and nonprescription medications, setting
reminders, and reviewing the applications with friends and
family members over age 50. After 2 weeks, the research team
reconvened and chose five applications for the final review,
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each highlighting a different feature, such as appearance,
reminders, drug information, drug interactions, and connectivity
(Table 1, Figure 1).

We chose MyMedRec (Version 1.0.4) for its simple features
and linear data entry. MyMedRec was developed as a
collaboration between the Institute of Safe Medication Practices
Canada, Canada's Research Based Pharmaceutical Companies
(Rx&D), and several health professional association across
Canada. We chose Pillboxie (Version 2.6) for its graphical
interface. A registered nurse in the United States developed
Pillboxie to be a virtual medicine cabinet. We chose DrugHub
(Version 1.3) for its drug information feature. The Great-West

Grindrod et al

Life Assurance Company, alarge provider of health insurance
in Canada, developed DrugHub as a service to the general
public. We chose PocketPharmacist (Version 3.1.8, Danike,
Inc.) for itsdrug interaction feature. A pharmacist in the United
States designed PocketPharmacist to provide users with
medication information and the ability to check multiple drugs
for any interaction. Finally, we chose MediSafe (Version 2.3.2,
Medi Safe Project) for its cloud-synced, family-centered profile
sharing features. Medi Safe was designed in Israel. At thetime
of the study, MyMedRec, Pillboxie, DrugHub, and Pocket
Pharmacist were available for the iOS system, and Pocket
Pharmacist and Medi Safe were available for the Android OS.

Table 1. Features of the mobile medication management applications selected for review.

Full name MyMedRec Pillboxie DrugHub Pocket MediSafe
Pharmacist

Medication list O O O

Reminder alarms 0 u

Drug information O ad

Drug interactions U

Multiple user profiles O ad

Profile sharing via ad O O

email

Sharing acrossmultiple O

devices

Figure 1. Screenshots of the mobile medication management applicationsincluded in the assessment.
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User Testing

Participants and Sampling Frame

We included participants aged 50 years of age and over, who
could speak and read English and who took some form of
chronic medication. We did not require participants to have
previous experience using a touchscreen device. We recruited
participants by posting flyers and attending events at community
centers and medical clinics. Our sampling strategy reflected a
GT approach to qualitative analysis [29]. As we did not have
any preconceived theories about the usability or usefulness of
the applications for older adults, we began by purposively
recruiting a sample of 13 participants who had a range of
experience using medications and touchscreen devices[29]. We
then recruited a theoretical sample of 22 participants to expand
on the theories framed from the purposive sample [29].
Accordingto Glaser [30] for thetheoretical sample, “the analyst
jointly collects, codes, and analyzes his data and decides what
datato collect next and where to find them, in order to develop
his theory asit emerges.” As described by Draucker et al [31],
we used several strategiesfor identifying the theoretical sample,
including intensity sampling of individuals who would have“a
lot to say” (eg, information technology experts), typical
sampling of average users, extreme case sampling (eg,
individuals with complex health conditions), and purposeful
sampling to represent subgroups (eg, married couples). We
continued sampling until data saturation was reached.

Our final sample included 35 participants aged 52-78 years
(mean 67 years), 71% (25/35) of whom were female (Table 2).
All but 2 participants reported at least one chronic medical
condition and all participants were taking at least one
medication, including prescription products, vitamins, and
natural health products. Our sample included a range of low-
to high-income participants, almost one-half of whom had a
post-secondary degree. Most participants used acomputer daily
and over one-third used a tablet or smartphone daily.

Procedure

We used agroup-based assessment model to meet our objectives
as it allowed us to test multiple participants at once while

http://mhealth.jmir.org/2014/1/e1l/
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capturing moments of consensus, censoring, and dissonance
among new, novice, and experienced mobile device users
(Figure 2) [32]. The number of study devices we had accessto
limited our group size to amaximum of 8 participants. Our final
groups included between 3 and 7 participants.

We began each session with ameal or light refreshmentsand a
10-minute discussion of what medication management meant
to participants. Each participant was provided with a third
generation Apple iPad and given a series of ordered tasks.
Participants in the purposive sample worked from the simplest
application to the most complex (MyMedRec, Pillboxie,
DrugHub, PocketPharmacist). For the theoretical sample, we
randomized the order of the applications to assess order effect.
We aso introduced styluses and gave participants access to
smaller devices such asthe AppleiPhone 4, AppleiPod Touch,
and the Samsung Galaxy S3. Weintroduced thefifth application,
MediSafe (Medisafe Project LTD), because it had a unique
pillbox graphical interface and had more connectivity than the
other study applications, but excluded it after one session
because participants complained of several system errors.

For each application, we asked participantsto complete aseries
of application-specific tasks that could include the following:
(1) adding prescription, nonprescription, and natural medicines,
(2) scheduling reminders, (3) recording when adose was taken,
(4) emailing profiles, (5) reading drug information, and (6)
scanning for drug interactions. We provided each participant
with a set of standardized medication bottles that represented
aclinically significant drug-drug interaction: warfarin, aspirin,
and St. John’s Wort; clarithromycin and atorvastatin; ramipril
and ibuprofen; furosemide and ibuprofen; and levothyroxine
and calcium carbonate [33]. We provided limited assistance to
users who failed to complete atask after several attempts.

We concluded each session with a 30-minute focus-group
discussion. The guided discussion included questions on overall
user experiences, ease of use, concerns over the potential for
datainput errors, perceived quality of theinformation provided,
preferences for different features, and expected adoption by
adults over age 50. On completion, participants were given a
$10 gift card in appreciation for their time.
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Table 2. Participant characteristics (N=35).

Grindrod et al

Characteristic Category n (%)
Age Median (range) 67 (52-78)
Gender
Male 10 (29)
Female 25(71)
Medical Condition(s)
None 4(11)
Heart disease 7 (20)
Cholesterol 14 (40)
High blood pressure 15 (43)
Thyroid disease 5(14)
Bone and joint problems 6 (17)
Cancer 2(6)
Diabetes 7 (20)
Kidney disease 4(11)
Liver disease 0(0)
Lung disease 2(6)
Other 10 (29)
Medications
Prescription medications 30 (86)
Vitamins 28 (80)
Natural health products 16 (46)
Manage medications for others 14 (40)
Highest level of education
High school 9(26)
College 13(37)
University 7(20)
Graduate degree 6 (17)
Annual household income
< $20,000 2(6)
$20,000 - $49,999 10 (29)
$50,000 - $79,999 10 (29)
>$80,000 6 (17)
Prefer not to say 7 (20)
Use a computer
Daily 27 (77)
Weekly 3(9
Monthly 0(0)
Rarely 1(3)
Use atablet
Daily 10 (20)
Weekly 103
Monthly 0(0)
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Characteristic Category n (%)
Rarely 0(0)
Use a smartphone
Daily 5(14)
Weekly 3(9)
Monthly 0(0)
Rarely 0(0)

Figure 2. Study design.
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Data Collection and Analysis

Participant demographics and experiences were gathered using
paper-based questionnaires and summarized using descriptive
gtatistics. Participants were encouraged to write comments about
their experience asthey tried each application. Two researchers
also recorded their observations of participant experiences,
including questions asked, errors observed, and tasks users could
not complete. Focus-group discussions were audio recorded.
All data, including audio recordings, field notes, and participant
comments, were transcribed and de-identified by a researcher
and double-checked by a second researcher.

After each application, participants rated usability on a visual
anal ogue sca e (easy/difficult) and the 10-item SUS (Multimedia
Appendix 1) [28]. The SUSisavalidated tool that usesa5-point
Likert scale to provide a quantitative measure of the usability
and learnability of a system and provide an overal score
between 0 and 100 [28]. SUS scores were analyzed in SPSS
using a repeated-measures analysis with post hoc tests to
determine where usability differences occurred.

Grounded Theory Analysis

Weused aGT approach asit allowed usto develop atheoretical
interpretation of the meaningswe observed older usersattaching

http://mhealth.jmir.org/2014/1/e1l/

BARRIERS FOR ADOPTION

to mobile medi cation management applicationswithout defining
the phenomenon a priori [34]. For GT, data are systematically
collected from many sources, including participant experiences,
both written and voiced, and researcher observations. GT is a
constant analysis method where data and emergent theories are
continuously compared to ensure resulting theories are grounded
in raw data. We based our analysis on the descriptions of GT
by Patton [29], Glaser [30], Strauss and Corbin [35], and
Suddaby [36].

Our dataanalysis, which began after the third session, followed
three levels. For the first level of analysis (microanalysis), two
independent researchers coded data by briefly summarizing
each line of data. In the second level of analysis (axial coding),
the two researchers organized the summaries into categories
(Table 3). To assess interrater reliability, a third researcher
compared the codes and categorizations for the first three
sessions and any disagreements were resolved by discussion.
For the third level of analysis (theory development), the
emergent theories were formulated into a “logical, systematic
and explanatory scheme” by the three researchers [35]. To
minimize our own biases, wereflexively reviewed the transcripts
a final time to identify any supporting quotations and
contradictory data [37].
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Table 3. Categories and labels used to organize grounded theory analysis.

Category Examples of descriptive summaries

What does “ medication management” mean? -Remembering medications
-Understanding medications
-Drug—drug, drug—food interactions
-Relationship with physician
-Pill boxes
-Renewing prescription

How did it feel to try the applications? -Feelings: frustrating, challenging
-Positive learning
-Uncertainty of future adoption
-Information overload
-Shift from frustrating to doable

What was the easiest/most difficult applicationto  -Training would help make it easier

use? -Prior experience required
-Gender distinctions
-MyMedRec, because it was easier to find way around
-PocketPharmacist had too many submenus

What was the most/least preferred application? -Not qudlified to evaluate
-Lack of experience with technology
-Liked different features from each
-Drug information applications
-Application glitches

What features were liked? -Graphics easier to understand than words
-High value for listing supplements
-Drug interactions
-The simpler the better

What features were disliked? -Ambiguous use of symbols
-Requires previous knowledge of device
-Not intuitive to look at corners
-Unreliable reminders
-Lack of food—drug interaction
-Microscopic keyboard

What features were most surprising? -Missing allergy—drug alerts
-Untrustworthy drug interaction feature for PocketPharmacist
-Lack of features on many apps
-Surprised there was an email feature

How can/will the applications be used inreal life? -Uncertain if would ever use
-Younger person associated with technology
-Possible user: elderly relative, someone with 8 medications/day
-Way of the future
-Current management system works

What isthewillingnessto pay for the applications? -Willing to use more a difficult application if free
-Uncertain
-Need atrial period
-Surprised by the price, seemslow
-$100 for PocketPharmacist
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Category Examples of descriptive summaries

How long would someone spend learning the appli-  -Willingness to spend time everyday
cations? -1t would take aweek to learn with daily use
-Overall it was not intuitive
-Might spend a couple hours
-1 would give it 15 minutes

Should physicians or pharmacists recommend the  -All younger persons already own technology
applications? -Not applicable to current older adults
-Older generation is adopting new technology
-Pharmacist job to educate patients on drugs
-Variable levels of pharmacists
-Providers are intolerant of nonadherent patients

Should the applications connect with physician or  -Future connection “so cool”
pharmacist computer systems? -Useless if increased workload
-Intolerance to uncooperative providers
-No, my doctor will not accept email
-Prefer to talk to the pharmacist or doctor in person

Should the applications be backed up? -Expect backing up
-Assume datais retrievable
-Expect it to be saving something
-Fact that it's not backed up takes away from the usefulness
-Thought the iPad could be backed up to the laptop

Results compared with all other applications (P<.0001), whereas
MyMedRec, Pillboxie, and DrugHub were not significantly
; different from each other. Order of use did not affect SUS scores
User Testin
g when added to the model (P=.44).

Based on the SUS scores (Table 4), the F test indicates
PocketPharmacist had a significantly lower usability score

Table 4. Overall Systems Usability Scale scores for each application assessed.

Application Mean SUS score (SD)2
DrugHub (N=35) 57.1(22.2)
MyMedRec (N=35) 55.6 (22.4)
Pillboxie (n=31) 52.2(18.1)
PocketPharmacist (N=35) 42.1 (18.7)
Medi Safe (n=4) 40.0 (15.1)

asignificant difference between applications f=2.95, P<.0001

Grounded Theory Analysis

Figure 3 describesthe theoretical construct that emerged in our
analysis, including theinterplay between usability, accessibility,
design, and need.
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Figure 3. Model depicting first time experiences of older adults using mobile medication management applications.

Targeted Design

"What does it look like?”

Functionality

Simplicity

“What do | want it to do?

Accessibility

“Will | be able to use it?”

Targeted Design

For participants, the early experience of learning to useamobile
medication management application was frustrating,
overwhelming, and challenging but it was al so fascinating, fun,
and enlightening (Table 5). As one participant noted,

With alittle bit of practice, with all of them, [it] would

become a lot easier to like anything. You know, the

first try at any of these, regardless whether you're

familiar with an iPod or an iPad, it does not go

smoothly. They're not terribly intuitive. [Male, Group

g
Early on, we observed that many participants were reluctant to
learn by trial and error. They appeared to feel vulnerable or lost
and often worried about making amistake. Many spoke of trying
not to break the device. Welearned to start each session saying,
“Don’t worry, you won't break it” to encourage learning by
trial and error. In describing the need for support, one participant
explained,

there are a few steps missing | think in each of these
[applicationg] ...I didn't know how to get from a
certain screen to another, it wasn't very evident, but
once | was shown, | think it's easy to use. [Female,
Group 3]

Eventually, within the 2-hour timeframe of each session, almost
all participants became comfortable inputting information. The
experience of learning the applications can be compared with
the implementation of new technologies in other areas of life,
including banking and transportation:

| guesswhile | wasdoing it, | kept thinking about ok,
when | was first ordering airline tickets on the
computer, or hus tickets on the computer, the
difference after you’ ve doneit a few times as opposed

http://mhealth.jmir.org/2014/1/e1l/
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“Is it too complicated?”

Patient Need

“How can it help me?”

to thefirst time, trying to figure out which buttons to
hit. [Female, Group 1]

However, someindividuals had more difficulty than others, and
would likely need significant support, both technical and
emotional, to adopt the application into their lives. One
participant who found the applications extremely difficult to
use highlighted this challenge when he concluded,

| don't want an app, | don't ever want to see onein
my house or anything because to me they're just
frustrating. Frustration devices. [Male, Group 5]

When asked if they were willing to persist in using the
applications, the opinion was divided between willingness to
persevere until comfortable given a perceivable benefit, or only
for 15 minutes due to impatience and lack of time.

I’d spend a bit of time, half an hour to an hour, not
even an hour, half an hour to learn something like
this, yes!” [Female, Group 6]

Patient Need

The perceived usefulness of a mobile medication management
applicationisclosely related to the needs of the end user. Users
who believed their current adherence strategies are sufficient
are likely to consider the applications as less useful. One
participant highlighted the importance of perceived usefulness
by saying,

I like things fast and dirty, | would just give up. Say
forget it, I'll just do it my old fashioned way. [Male,
Group 6]

Strategies for remembering to take medications included
scheduling all medication doses at once, using aphysical pillbox,
wearing a digital watch with an alarm, and/or having a
pharmacist who providestelephonerefill reminders. Many also
carried a written or printed list of medications in a wallet or
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purse. Participants would only speculate future use under the
assumption of declining health, declining memory, or the need
to manage medications for arelative.

I’mlooking at it from the point of view of my mother
when she was elderly. She was confined to a
wheelchair and okay, she wasn't computer literate.
But had she been, you know;, if she'd had it with her,
in her chair, she could’ve looked at it and said ‘ yeah
hey | need to take this pill’ or there's a reminder, or
‘no | can’'t’, somebody’s making lunch for her, ‘no |
can't have grapefruit because I’ ve taken Lipitor’ or
something like that. I’ m sure that kind of information

Grindrod et al

would have been good. If you're not terribly mobile,
I think something like that, and in this day and age,
as time goes on, people are much more computer
literate and can handle these things much more easily
and how do you say, you know, that would be much
more useful, if you're concerned, if you're taking a
lot of medications. Because | know some people who
are taking seven or eight a day. [Female, Group 1]

Most aso felt it was only appropriate for health care
professional sto recommend an mHealth application if they had
used it themselves and if the patient was willing, needed it, and
was technologicaly literate.

Table 5. Participants summarize the experience of trying mobile medication management applications in one word.

Negative Words (Count) Neutral Words (Count) Positive Words (Count)
Frustrating (5) Different (1) Fascinating (2)
Challenging (3) Perplexing (1) Fun (2)

Overwhelming (2)
Stressful/nerve-wracking (2)
Confusing (1)

Exhausting (1)

Complicated (1)

Enlightening (1)
Doable (1)
Interesting (1)
Useful (1)

Informative (1)

Functionality

Mobile medication management
conceptually separated into two categories. adherence
(MyMedRec, Pillboxie) and information (DrugHub,
PocketPharmacist). An “ideal" application was described as
including both features:

applications can be

| found MyMedRec covers everything, it's ordered
properly. But it did miss the other little features, the
little pillbox [in Pillboxie] and then the [drug
interaction] check [in Pocket Pharmacist] and then
[DrugHub]. I guessit’sthe accessto the information
and whether you could check interactions and things
like that. If somehow you could incorporate that into
the [MyMedRec] then it would be perfect. [Female,
Group 3]

In their daily lives, all participants sought information about
their medications in order to stay aware and avoid adverse
events. The drug information features were seen as providing
background information on a new prescription, supplementing
the information given by a health care professional, and
satisfying curiosity.

For me, personally, | takealot of pillseveryday...I've
got it so down and whenever | take a prescription,
well the pharmacist is very good to go over things,
but | always, always make a point of reading the
literature when | get it. [Female, Group 2]

While the most popular source of drug information was the
pharmacist, some participantsworried that too much information
was dangerous and that the applications were replacing the
expertise of the pharmacist. Given the choice, participants
preferred an in-person conversation for important information:

http://mhealth.jmir.org/2014/1/e1l/

Something like drug interactions? | don’t want to be
bothered by anything likethat. | mean | know | should,
but | want my pharmacist to say to mewhen | goin,
don’'t takethisor do takethat. You know what | mean?
| didn't go to school, | don't want to have the
responsibility of worrying about that... [Female,
Group 1]

When asked to estimate the cost of applications, most
participants val ued drug information applications over adherence
applications. Participants who had purchased applications
expected to pay less than Can $5 (or often nothing at all), but
those who had never purchased an application expected to pay
up to Can $100 or a monthly fee. Most did not take into
consideration the cost of the device itself.

Simplicity

There was a competing relationship between functionality and
complexity. The “ideal” application may actualy be two
applications, one for adherence and another for information.
Separating the features into two applications would maximize

the functionality of both features rather than trying to do both
incompletely.

I think there’'s two parts of it. There's reminding
people to take the medication but then there's the
whole information side with what's working with
what. So it almost seems like you should have two
apps. [Female, Group 7]

For many participants, linear navigation was preferred.
Participants commonly struggled with going “back and forth”,
essentially, moving forward to enter a medication into their
profile and once completed, going back to enter a new
medication (Table 6). Moving backwards also referred to fixing
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amistake. Participants moved from one main menu and followed
single pathways to perform or correct a task. As such, most
found MyMedRec and DrugHub to be easier and more logical.
In contrast, Pillboxie and PocketPharmacist did not flow
because, rather than advancing through different screens,
navigation was broken into submenus or different windows on
asingle screen. Inconsistencies also caused confusion. To return
to a previous screen or menu, MyMedRec and DrugHub used
the standard iOS arrow pointing to the left corner. To back out
of atask in Pillboxie, users had to tap outside the task window.

I’mimpatient ashell. So when it comesto an app, it's
got to be simple. See...it wasn't easy for me to find
the prompts, you know, partly from[my] glasses, but
also I’'mimpatient and | quit looking. And | said * Oh
I’ve spent all this time entering the stuff but if | put

Grindrod et al

CANCEL, does that mean it's gone? [Male, Group

9]
Similarly, the first screen a user saw with PocketPharmacist
contained both a menu and submenu. Participants expressed
feeling overwhelmed by the amount of information being
presented all at once. Many first time users struggled with basic
touchscreen features, such as accessing and using the keyboard
and employing application-specific gestures. One participant
felt this should be standardized,

So ultimately, you'd want a universal language, and
a universal kind of, you know, this is where the back
button is, this is where the forward button is. But if
that doesn't happen, then every app has its own
unique way. [Female, Group 2]

Table 6. Application actions and features identified by participants as being nonintuitive or difficult to interpret.

Action/feature Description of challenge

A “+" to add anew item
in the top cornersit is easily missed.

Though typically used to add anew item, the symbol had little meaning for first time users. Also, becauseit is often found

Go back The back arrow is used to return the user to the previous screen but instead of testing the button, the research team was
often asked, “How do | go back without losing my information?’

Cancel The word “cancel” typically means “undo” but many participants felt it implied finality and described how they “cancel”
social or service contracts such as memberships, subscriptions, and appointments.

Scrolling Without a scrollbar, participants rarely looked for additional information.

Audio reminders

Autocorrect
or dosage units (eg, “mcg” to “mg”).

Inconsistent terminology
minder,” or “first dose” in each application.

Sample text

The audio alarms were inaudible to many participants, especially males.

When typing, many participants focused on the keyboard and missed the autocorrect feature that would change drug names

Inconsistent terminology led participants miss features. For example, reminder features were called “ schedule,” “ dose re-

Greyed text was used to provide examples of datathat could be entered into afield, but participantstypically misinterpreted

the grey text to be the information of another user.

Peripheral buttons
buttons completely.

Participants associated a black frame as being outside of the application and noninteractive, thus overlooking peripheral

Accessibility

One of the challenges faced by participants was that the
adherence features we examined (dose reminders, refill
reminders) made assumptions about the end user. For example,
the reminder strategies (alarms, notification boxes) assumed
users were “attached” to mobile devices. Participants said, for
example,

Like, [young peopl€] live with their cell, live with
their Blackberry, and that becomes, you know what
I mean. Like, | could see, even obviously, when those
kids get to be 50, they will still be attached to the hip
with those Blackberries. [Female, Group 1]

Comparing the use of the applications on the tablet to the
smartphone, one participant noted,

Reminders would probably be the best [feature] but
it would beinconvenient unless| had one of the other
devices that you could carry in your pocket or your
shirt pocket or a woman could carry in her purse.
(Male, Group 4).

http://mhealth.jmir.org/2014/1/e1l/

Thisis an important distinction because though the tablets are
less portable, they are more accessible to individuals with
age-related vision loss. In one case, a participant with severe
low vision noted that touchscreen devices were surprisingly
accessible,

| was always afraid to even look at themor try them,
because | just thought that | wouldn’t be able to see,
so why even bother. But | was surprised...yeah.
[Female, Group 4, low vision]

The participants, as older adults, also described how they power
off devices between use to conserve battery power or save it
for emergencies.

These tablet things, they’re not plugged in, so, most
of thetime...you tend to turn them off to conserve the
battery and maybe they could be designed so that they
automatically turn themselves on, give a signal, and
then go back to rest. [Male, Group 8]

The reminder strategies also assumed users were physically
able to hear alerts. In every session, we observed at least 1
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participant, often male, who could not hear the alarms going
off in the room.

But some people may be hearing impaired and you
know, maybe that could be accommodated, I’'m not
sure how. [Male, Group 8].

Finally, participants worried that adherence strategies that
required users to maintain a medication administration record
were easily falible.

With your daily plastic, you can see that you took it,
with thisthing, you may have put in that you took two
pills...but you got distracted, so how do you know
you took two?...It's not physical, you can't see it, as
you get older. | mean, there's two sides. You forget
to take things or you know, things like that, | don’t
know, it's too easy to screw up. [Female, Group 6]

Discussion

Overview

We asked 35 adults aged 50 and over to spend 2 hours trying
popular medi cation management applications on mobile devices.
Most were new and novice users and we found that the currently
available applications were not designed with older users in
mind. Without simple and targeted design, the current
applications are unlikely to be considered useful, usable, or
accessiblefor alarge proportion of individualswho need to take
chronic medications.

Acceptance of M obile M edication Management
Applications

Dr Everett Koop famoudly said, “Drugs don’t work in patients
who don't take them”. Similarly, mobile medication
management applications will not work for users who do not
use them. Reminders offered the clearest example of the gap
between design and the older end user. One-half of prescriptions
are not taken as directed [2,6], and dose reminders have the
potential to help individuals remember doses that would have
otherwise been missed. Most reminder systems also provide a
record of adherence that could be used to help participants or
clinicians understand the impact of nonadherence on their
disease. However, in our study, reminders were widely
considered to be of little use to older adults, many of whom
have age-related hearing loss or who prefer to either leave their
mobile devices at home or power devices off between use.

The Technology Acceptance Model, which was introduced by
Davisin 1986 [38], suggeststhat acceptance dependson auser’s
perception of the usefulness and ease of use of a system.
Similarly, the diffusion of innovation model emphasizes that a
new technology needs to offer a “relative advantage” over the
status quo [39]. The lack of perceived usefulness or relative
advantage appeared to be the greatest barrier to acceptance or
adoption in our study. Our participants felt capable of, and
interested in, using mobile applications to manage medications,
but they searched for a need that their current medication
management system was not filling.

In astudy of thefactorsthat impact patient acceptance of online
self-management technology, Or et a [40] concluded that the

http://mhealth.jmir.org/2014/1/e1l/
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first step in designing a system that patients will accept is to
focus on their needs. Barriers to medication adherence are
complex and interwoven and not easily addressed by mabile
applications [7-12]. In addition to age, barriers include health
literacy, the health care provider-patient relationship, poor
memory, careteam size, medication efficacy, and the complexity
of medication regimen [41]. Future mobile applications should
be designed with the awareness that multimodal methods for
nonadherence are more successful than interventions focusing
on one aspect of nonadherence [11,13]. For example, the next
generation of applications could provide users with access to
plain language information on medications both before and after
a prescription is filled, include accessible reminders for doses
and refills, and offer strategies to simplify a dosing regimen.
More advanced iterations could also help the consumer aert
clinicians when they have a question, experience a side effect,
or are unable to afford the cost of their prescribed therapy.

Application Development for Older Adults

Wewere ableto speak with 3 of the 5 creators of the medication
management applications tested. None had conducted usability
testing in adults 50 and older. A tendency to target designs
toward younger adults perpetuates the notion of the “digital
divide” or “digital disengagement”, where developers assume
older adultslack the technological accessand literacy of younger
generation [42]. Loos [43] has cautioned against using age as
the ultimate explanatory variable when examining the digital
divide. By overlooking older users, developers may be failing
to reach amajor target demographic.

While we need to recognize that many older users are
technologically savvy, Hawthorn [44] notes that we still need
to make accommodations for “age-restricted users’ with
age-related changesin hearing, vision, cognition, and mobility.
Application designers can consider theimpact of age on usability
and include large font, clear buttons, and high-contrast text.
However, before developing an application for medication
adherence for a specific operating system, the design team
should consider the suitability of the mobile devicefor the target
population. Most existing mobile devices should work well for
addressing barriers such as lack of information. For younger
people, they may also be useful for the day-to-day barriers to
compliance such as forgetfulness. However, for older
populations, forgetfulness and treatment complexity may be
better suited to multimodal mobile interventions that include
companion pillbox devices, for example.

To improve usability, it would be helpful for developers to
provide clear instructions and describe important buttons or
featuresfor first time users (eg, “The areawhereyou list al the
medications you take is called the Med Box. Use this area to
enter the names and doses of your medications’). Although
some applications did provide examples, they were often small,
low contrast, and easily misinterpreted as pre-entered
information. The Nielsen Norman Group refers to the inability
of identifying a touchable area as low discoverability [45]. To
improve developers and designers should consider working
with health organizations to identify target users who can
participate in early- and late-stage usability testing.
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Often, mHealth applications do not follow guidelines or include
features considered essentia for prevention and public health
[46,47]. The lack of standardization and regulation may limit
adoption by users over age 50 and their health care providers.
For example, participants were suspicious of an application put
forth by an insurance company. They were afraid personal
information could be collected and used against their claims.
On the other hand, when we spoke with the devel opers, no data
were collected from the applications. Sentiments of use and
privacy as barriers for adoption match with those from
respondents in the 2010 AARP survey [22]. To promote
consumer trust, one possibility is to develop a systematic
self-certification model similar to the Health On the Net
Foundation [48].

Strengths and Limitations

A strength of our study is that it reflects the experiences of
first-time users. Therationale wasthat, in the real-world setting,
many new users would try several medication management
applications before choosing one to use or would be prescribed
amobile application that they had not used previously. However,
the 2-hour format meant some features of each application could
not be explored. In some cases, participants assumed certain
featureswere missing. In each case, we demonstrated the feature
in question to gather any additional feedback. During the
discussions, application names and features were often confused
with one another so we tried to ensure we regularly revisited
each application to clarify which application was being
discussed.

Grindrod et al

In future studies, participants should be given a device for a
longer time period to examine the effects of daily use. Previous
studies have found SUS scores to increase with the degree of
experience with a program prior to usability testing [49].
Longitudinal usability testing may help uncover long-term
benefits and drawbacks that first-time experiences cannot.
Alternatively, usability testing of medication management
applicationswith health care professionals may provide adeeper
understanding of their acceptance and willingness to provide
additional services in relation to application use by patients.
Another potential solution that should befurther exploredisthe
combination of an application with a wearable device such as
a smartwatch or wristband.

Conclusions

Though older adults make up the majority of medication users,
mobile medi cation management applicationsare often designed
for younger populations. The result is that age-related physical
changes, such as hearing or vision loss, and the use of
nonintuitive design features limit the usefulness of the
applications for older users. When developing mobile
interventions to improve medication use and adherence,
designers, programmers, and devel opers need to consider older
adults as potential high-impact end users and include this
population in the design process. For older adults, standard
features such asreminders may be poorly suited to most mobile
devices, whereas applications that provide high quality
information on side effects or drug interactions may be more
desirable. Considering that the industry is not currently
regulated, the focus also needs to be on building applications
that limit the risk of errors and omissions.

Acknowledgments

Thank you to Mrs Erin Harvey, the statistics consultant at the University of Waterloo, and to the cities of Kitchener and Waterloo

for providing recruitment support.

Conflictsof Interest
Conflicts of Interest: None declared.

Multimedia Appendix 1

Systems Usability Scale used to compare sel ected medication management applications.
[PDF File (Adobe PDF File), 22KB - mhealth_v2ilell appl.pdf ]

References

1.  GeorgeJ, Shalansky SJ. Predictors of refill non-adherence in patients with heart failure. Br J Clin Pharmacol
2007;63(4):488-493. [doi: 10.1111/].1365-2125.2006.02800.x] [Medline: 17076693]

2. RatanawongsaN, Karter AJ, Parker MM, Lyles CR, Heisler M, Moffet HH, et al. Communication and medication refill
adherence: the Diabetes Study of Northern California. JAMA Intern Med 2013;173(3):210-218 [FREE Full text] [doi:

10.100V/jamainternmed.2013.1216] [Medline: 23277199]

3. Hansen RA, Macigjewski M, Yu-lsenberg K, Farley JF. Adherence to antipsychotics and cardiometabolic medication:
association with health care utilization and costs. Psychiatr Serv 2012;63(9):920-928. [doi: 10.1176/appi.ps.201100328]

[Medline: 22706887]

4.  Fitzgerad AA, Powers JD, Ho PM, Maddox TM, Peterson PN, Allen LA, et al. Impact of medication nonadherence on
hospitalizations and mortality in heart failure. J Card Fail 2011;17(8):664-669. [doi: 10.1016/j.cardfail.2011.04.011]

[Medline: 21807328]

http://mhealth.jmir.org/2014/1/e1l/

JIMIR Mhealth Uhealth 2014 | vol. 2 |iss. 1 |el1 | p.83
(page number not for citation purposes)


mhealth_v2i1e11_app1.pdf
mhealth_v2i1e11_app1.pdf
http://dx.doi.org/10.1111/j.1365-2125.2006.02800.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17076693&dopt=Abstract
http://europepmc.org/abstract/MED/23277199
http://dx.doi.org/10.1001/jamainternmed.2013.1216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23277199&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201100328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22706887&dopt=Abstract
http://dx.doi.org/10.1016/j.cardfail.2011.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21807328&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Grindrod et &

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Task Force for Compliance. Noncompliance with Medications: An Economic Tragedy with Important Implications for
Health Care Reform. Washington, DC: Task Force for Compliance; 1994. URL : http://www.npcnow.org/publication/
noncompliance-med cations-economi c-tragedy-important-implications-heal th-care-reform [ accessed 2014-01-03] [WebCite
Cache ID 6MMJQ68WI]

Osterberg L, Blaschke T. Adherence to medication. N Engl J Med 2005;353(5):487-497. [doi: 10.1056/NEJMra050100]
[Medline: 16079372]

Sabaté EE. Adherence to Long-Term Therapies: Evidence for Action. Geneva, Switzerland: World Health Organization;
2003.

Ho PM, Spertus JA, Masoudi FA, Reid KJ, Peterson ED, Magid DJ, et a. Impact of medication therapy discontinuation
on mortality after myocardial infarction. Arch Intern Med 2006;166(17):1842-1847. [doi: 10.1001/archinte.166.17.1842]
[Medline: 17000940]

Cramer JA, Benedict A, Muszbek N, Keskinaslan A, Khan ZM. The significance of compliance and persistence in the
treatment of diabetes, hypertension and dydlipidaemia: areview. Int J Clin Pract 2008;62(1):76-87 [FREE Full text] [doi:
10.1111/j.1742-1241.2007.01630.x] [Medline: 17983433]

Kramer JM, Hammill B, Anstrom KJ, Fetterolf D, Snyder R, Charde JP, et al. National eval uation of adherenceto beta-blocker
therapy for 1 year after acute myocardial infarction in patients with commercial health insurance. Am Heart J
2006;152(3):454.e1-454.€8. [doi: 10.1016/j.ahj.2006.02.030] [Medline: 16923412]

Chong WW, Adani P, Chen TF. Effectiveness of interventionsto improve antidepressant medication adherence: asystematic
review. Int J Clin Pract 2011;65(9):954-975. [doi: 10.1111/j.1742-1241.2011.02746.x] [Medline: 21849010]

Arvilommi P, Suominen K, Mantere O, Leppadméki S, Valtonen H, Isometsi E. Predictors of adherence to
psychopharmacological and psychosocial treatment in bipolar | or |1 disorders - an 18-month prospective study. J Affect
Disord 2014;155:110-117. [doi: 10.1016/j.jad.2013.10.032] [Medline: 24262639]

Viswanathan M, Golin CE, Jones CD, Ashok M, Blalock S, Wines RCM, et a. Medication Adherence I nterventions:
Comparative Effectiveness. Closing the Quality Gap: Revisiting the State of the Science. Evidence Report No. 208. AHRQ
Publication No. 12-E010-EF. Rockville, MD: Agency for Healthcare Research and Quality; 2012. URL : http:/
[effectiveheal thcare.ahrg.gov/index.cfm/search-for-guides-reviews-and-reports/ 2producti d=1249& pageacti on=displayproduct
[accessed 2013-10-24] [WebCite Cache ID 6KbASCrJT]

Wilson SR, Strub P, Buist AS, Knowles SB, Lavori PW, Lapidus J, Better Outcomes of Asthma Treatment (BOAT) Study
Group. Shared treatment decision making improves adherence and outcomesin poorly controlled asthma. Am JRespir Crit
Care Med 2010;181(6):566-577 [FREE Full text] [doi: 10.1164/rccm.200906-09070C] [Medline: 20019345]

Blaschke TF, Osterberg L, Vrijens B, Urquhart J. Adherence to medications: insights arising from studies on the unreliable
link between prescribed and actual drug dosing histories. Annu Rev Pharmacol Toxicol 2012;52:275-301. [doi:
10.1146/annurev-pharmtox-011711-113247] [Medline: 21942628]

Osterberg L, Blaschke T. Adherence to medication. N Engl J Med 2005;353(5):487-497. [doi: 10.1056/NEJMra050100]
[Medline: 16079372]

Snowden A, Martin C, Mathers B, Donnell A. Concordance: a concept analysis, ePub ahead of print. JAdv Nurs 2013 Apr
16. [doi: 10.1111/jan.12147] [Medline: 23590348]

Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance in cardiovascular outcomes. Circulation
2009;119(23):3028-3035 [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.108.768986] [Medline: 19528344]

Smith A. Smartphone Ownership 2013. Washington, DC: Pew Internet and American Life Project; 2013 Jun 05. URL:
http://pewinternet.org/Reports/2013/Smartphone-Ownership-2013.aspx [WebCite Cache ID 6MKidPap3]

Zickuhr K. Tablet Ownership 2013. Washington, DC: Pew Internet and American Life Project; 2013 Jun 10. URL: http:/
/www.pewinternet.org/Reports/2013/Tabl et-Ownership-2013.aspx [WebCite Cache ID 6KbAVb06N]

Fox S, Duggan M. Mobile Health 2012. Washington, DC: Pew Internet and American Life Project; 2012 Nov 8. URL:
http://www.pewinternet.org/Reports/2012/M obile-Heal th/M ain-Findings/M obile-Heal th.aspx [WebCite Cache ID
6KbAXYoZe]

Barrett L. Health and Caregiving Among the 50+: Ownership, Use and Interest in Maobile Technology. Washington, DC:
American Association of Retired Person; 2011 Jan. URL: http://assets.aarp.org/rgcenter/general/
health-caregiving-mobile-technology.pdf [accessed 2013-10-24] [WebCite Cache ID 6KbAjrNZi]

Tang HH, Kao SA. Understanding the user model of the elderly people while using mobile phones. 2005 Jul Presented at:
International Conference on Human-Computer Interaction; July 22-27, 2005; Las Vegas, Nevada p. 2005 URL : http:/
[drhhtang.files.wordpress.com/2008/09/2005tangkao. pdf

Leonardi C, Albertini A, Pianesi F, Zancanaro M. An exploratory study of atouch-based gestural interface for elderly. In:
Proceedings of the 6th Nordic Conference on Human-Computer Interaction. New York: ACM; 2010 Oct Presented at:
NordiCHI '10; Oct 16-20, 2010; Reykjavik, Iceland p. 16-20 URL : http://paginas.fe.up.pt/~pro09004/phd/domains%20study/
Literature/Rel ated%20Works/

An%20Expl oratory%20Study%6200f %20a%20Touch-based%20Gestural %20l nterface%020f or%20el derly.pdf [doi:
10.1145/1868914.1869045]

http://mhealth.jmir.org/2014/1/e11/ JMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 |e1l | p.84

RenderX

(page number not for citation purposes)


http://www.npcnow.org/publication/noncompliance-medications-economic-tragedy-important-implications-health-care-reform
http://www.npcnow.org/publication/noncompliance-medications-economic-tragedy-important-implications-health-care-reform
http://www.webcitation.org/6MMJQ68WI
http://www.webcitation.org/6MMJQ68WI
http://dx.doi.org/10.1056/NEJMra050100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16079372&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.17.1842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17000940&dopt=Abstract
http://dx.doi.org/10.1111/j.1742-1241.2007.01630.x
http://dx.doi.org/10.1111/j.1742-1241.2007.01630.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17983433&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2006.02.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16923412&dopt=Abstract
http://dx.doi.org/10.1111/j.1742-1241.2011.02746.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21849010&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2013.10.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24262639&dopt=Abstract
http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=1249&pageaction=displayproduct
http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?productid=1249&pageaction=displayproduct
http://www.webcitation.org/6KbASCrJT
http://europepmc.org/abstract/MED/20019345
http://dx.doi.org/10.1164/rccm.200906-0907OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20019345&dopt=Abstract
http://dx.doi.org/10.1146/annurev-pharmtox-011711-113247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21942628&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra050100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16079372&dopt=Abstract
http://dx.doi.org/10.1111/jan.12147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23590348&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19528344
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.768986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19528344&dopt=Abstract
http://pewinternet.org/Reports/2013/Smartphone-Ownership-2013.aspx
http://www.webcitation.org/6MKidPap3
http://www.pewinternet.org/Reports/2013/Tablet-Ownership-2013.aspx
http://www.pewinternet.org/Reports/2013/Tablet-Ownership-2013.aspx
http://www.webcitation.org/6KbAVb06n
http://www.pewinternet.org/Reports/2012/Mobile-Health/Main-Findings/Mobile-Health.aspx
http://www.webcitation.org/6KbAXYoZe
http://www.webcitation.org/6KbAXYoZe
http://assets.aarp.org/rgcenter/general/health-caregiving-mobile-technology.pdf
http://assets.aarp.org/rgcenter/general/health-caregiving-mobile-technology.pdf
http://www.webcitation.org/6KbAjrNZi
http://drhhtang.files.wordpress.com/2008/09/2005tangkao.pdf
http://drhhtang.files.wordpress.com/2008/09/2005tangkao.pdf
http://paginas.fe.up.pt/~pro09004/phd/domains%20study/Literature/Related%20Works/An%20Exploratory%20Study%20of%20a%20Touch-based%20Gestural%20Interface%20for%20elderly.pdf
http://paginas.fe.up.pt/~pro09004/phd/domains%20study/Literature/Related%20Works/An%20Exploratory%20Study%20of%20a%20Touch-based%20Gestural%20Interface%20for%20elderly.pdf
http://paginas.fe.up.pt/~pro09004/phd/domains%20study/Literature/Related%20Works/An%20Exploratory%20Study%20of%20a%20Touch-based%20Gestural%20Interface%20for%20elderly.pdf
http://dx.doi.org/10.1145/1868914.1869045
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Grindrod et &

25.

26.

27.

28.

29.
30.

31.

32.

33.

35.

36.

37.
38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Parker SJ, Jessel S, Richardson JE, Reid MC. Older adults are mobile too! Identifying the barriers and facilitators to ol der
adults use of mHealth for pain management. BMC Geriatr 2013;13:43 [FREE Full text] [doi: 10.1186/1471-2318-13-43]
[Medline: 23647949]

Ramage-Morin PL. Medication use among senior Canadians. Health Rep 2009;20(1):37-44 [FREE Full text] [Medline:
19388367]

Tong A, Sainsbury P, Craig J. Consolidated criteriafor reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. Int J Qual Health Care 2007;19(6):349-357 [FREE Full text] [doi: 10.1093/intghc/mzm042]
[Medline: 17872937]

Brooke J. SUS: A "quick and dirty" usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland AL, editors.
Usahility evaluation in industry. London, UK: Taylor and Francis; 1996:189-195.

Patton M. Qualitative Research and Evaluation Methods. Thousand Oaks, CA: Sage Publications; 2002.

Glaser B. Theoretical Sensitivity: Advances in the Methodology of Grounded Theory. Mill Valley, CA: Sociology Press;
1978.

Draucker CB, Martsolf DS, Ross R, Rusk TB. Theoretical sampling and category development in grounded theory. Qual
Health Res 2007;17(8):1137-1148. [doi: 10.1177/1049732307308450] [Medline: 17928484]

Sim J. Collecting and analysing qualitative data: issuesraised by the focus group. JAdv Nurs 1998;28(2):345-352. [Medline:
9725732]

Tatro DS. Drug Interaction Facts 2011. St. Louis, MO: Wolters Kluwer Health; 2011.

Kvale S, Brinkmann S. InterViews: Learning the Craft of Qualitative Research Interviewing. 2nd ed. Los Angeles, CA:
Sage Publications; 2009.

Strauss AL, Corbin JM. Basics of Qualitative Research: Techniques and Procedures for Devel oping Grounded Theory. 2nd
ed. Thousand Oaks, CA: Sage Publications; 1998.

Suddaby R. From the editors: what grounded theory is not. Academy of Management Journal 2006;49(4):633-642. [doi:
10.5465/AM J.2006.22083020]

Schwandt T. Dictionary of Qualitative Inquiry. 2nd ed. Thousand Oaks, CA: Sage Publications; 2001.

Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two theoretical models.
Management Science 1989;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

Rogers, EM. Diffusion of Innovations. 5th ed. New York, NY: Free Press; 2003.

Or CK, Karsh BT, Severtson DJ, Burke LJ, Brown RL, Brennan PF. Factors affecting home care patients acceptance of a
web-based interactive self-management technology. JAm Med Inform Assoc 2011;18(1):51-59 [FREE Full text] [doi:
10.1136/jamia.2010.007336] [Medline: 21131605]

Brunton SA. Improving medication adherence in chronic disease management. J Fam Pract 2011 Apr;60(4 Suppl
Improving):S1-S8. [Medline: 21472145]

Olphert W, Damodaran L. Older peopleand digital disengagement: afourth digital divide? Gerontology 2013;59(6):564-570.
[doi: 10.1159/000353630] [Medline: 23969758]

LoosE. Senior citizens: digital immigrantsin their own country? An exploration of information accessibility. Observatorio
2012;6:1-23.

Hawthorn D. How universal is good design for older users? In: Proceedings of the 2003 ACM Conference on Universa
Usahility. 2003 Presented at: ACM Conference on Universal Usability; Nov 10-11, 2003; Vancouver, BC p. 38-45 URL :
http://dl.acm.org/citation.cfm?doid=957205.957213 [doi: 10.1145/960201.957213]

Nielsen J. iPad Usability; Year One. Fremont, CA: Nielsen Norman Group; 2011 May 23. URL : http://www.nngroup.com/
articles/ipad-usability-year-one/ [accessed 2013-10-24] [WebCite Cache ID 6KbAN7MwK]

Chomutare T, Fernandez-LuqueL, Arsand E, Hartvigsen G. Features of mobile diabetes applications: review of theliterature
and analysis of current applications compared against evidence-based guidelines. JMed Internet Res 2011;13(3):e65 [FREE
Full text] [doi: 10.2196/jmir.1874] [Medline: 21979293]

Muessig KE, Pike EC, Legrand S, Hightow-Weidman LB. Mobile phone applications for the care and prevention of HIV
and other sexually transmitted diseases: areview. JMed Internet Res 2013;15(1):e1 [FREE Full text] [doi: 10.2196/jmir.2301]
[Medline: 23291245]

Lewis TL. A systematic self-certification model for mobile medical apps. JMed Internet Res 2013;15(4):e89 [FREE Full
text] [doi: 10.2196/jmir.2446] [Medline: 23615332]

McLellan S, Muddimer A, Peres SC. The effect of experience on System Usability Scale ratings. Journal of Usability
Studies 2012;7(2):56-67 [FREE Full text]

Abbreviations

COREQ: consolidated criteriafor reporting qualitative research
GT: grounded theory
SUS: Systems Usahility Scale

http://mhealth.jmir.org/2014/1/e1l/ JMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 [e11 | p.85

(page number not for citation purposes)


http://www.biomedcentral.com/1471-2318/13/43
http://dx.doi.org/10.1186/1471-2318-13-43
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23647949&dopt=Abstract
http://www.statcan.gc.ca/pub/82-003-x/2009001/article/10801-eng.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19388367&dopt=Abstract
http://intqhc.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=17872937
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
http://dx.doi.org/10.1177/1049732307308450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17928484&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9725732&dopt=Abstract
http://dx.doi.org/10.5465/AMJ.2006.22083020
http://dx.doi.org/10.1287/mnsc.35.8.982
http://jamia.bmj.com/cgi/pmidlookup?view=long&pmid=21131605
http://dx.doi.org/10.1136/jamia.2010.007336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21131605&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21472145&dopt=Abstract
http://dx.doi.org/10.1159/000353630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23969758&dopt=Abstract
http://dl.acm.org/citation.cfm?doid=957205.957213
http://dx.doi.org/10.1145/960201.957213
http://www.nngroup.com/articles/ipad-usability-year-one/
http://www.nngroup.com/articles/ipad-usability-year-one/
http://www.webcitation.org/6KbAn7MwK
http://www.jmir.org/2011/3/e65/
http://www.jmir.org/2011/3/e65/
http://dx.doi.org/10.2196/jmir.1874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21979293&dopt=Abstract
http://www.jmir.org/2013/1/e1/
http://dx.doi.org/10.2196/jmir.2301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23291245&dopt=Abstract
http://www.jmir.org/2013/4/e89/
http://www.jmir.org/2013/4/e89/
http://dx.doi.org/10.2196/jmir.2446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23615332&dopt=Abstract
http://www.upassoc.org/upa_publications/jus/2012february/mclellan1.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Grindrod et &

Edited by G Eysenbach; submitted 24.10.13; peer-reviewed by T van Mierlo, SOng, L Dayer; comments to author 23.12.13; revised
version received 30.01.14; accepted 17.02.14; published 14.03.14.

Please cite as.

Grindrod KA, Li M, Gates A

Evaluating User Perceptions of Mobile Medication Management Applications With Older Adults: A Usability Sudy
JMIR Mhealth Uhealth 2014;2(1):e11

URL: http://mhealth.jmir.org/2014/1/e11/

doi: 10.2196/mhealth.3048

PMID: 25099993

©Kelly Anne Grindrod, MelissaLi, Allison Gates. Originaly published in IMIR mHealth and uHealth (http://mhealth.jmir.org),
14.03.2014. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2014/1/e1l/ JMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 [e11 | p.86
(page number not for citation purposes)

RenderX


http://mhealth.jmir.org/2014/1/e11/
http://dx.doi.org/10.2196/mhealth.3048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25099993&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lund et a

Original Paper

Mobile Phone Intervention Reduces Perinatal Mortality in Zanzibar:
Secondary Outcomes of a Cluster Randomized Controlled Trial

Stine Lund*, MD; Vibeke Rasch?®, Dr med, MD, PhD; Maryam Hemed*, MD; Ida Marie Boas’, MSc; Azzah Said®,
MD; Khadija Said*, MD; Mkoko Hassan Makundu®, MD: Birgitte Bruun Nielsen®, MD, PhD

1Department of International Health, Immunology and Microbiology, University of Copenhagen, Copenhagen N, Denmark

2|nstitute of International Health, Department of International Health, Immunology and Microbiology, University of Copenhagen, Copenhagen, Denmark
3Department of Obstetrics and Gynecology, Department of Obstetrics and Gynecology, Odense University Hospital, Odense, Denmark
4Reproductive and Child Health Unit, Ministry of Health, Revolutionary Government of Zanzibar, Zanzibar, Tanzania, United Republic Of
5Department of Obstetrics and Gynecology, Department of Obstetrics and Gynecology, Aarhus University Hospital, Aarhus, Denmark

Corresponding Author:

Stine Lund, MD

Department of International Health, Immunology and Microbiology
University of Copenhagen

Blegdamsvej 9

Copenhagen N, 2200

Denmark

Phone: 45 22440789

Fax: 45 35327736

Email: stine_lund@dadinet.dk

Abstract

Background: Mobile phones areincreasingly used in health systems in devel oping countries and innovative technical solutions
have great potential to overcome barriers of access to reproductive and child health care. However, despite widespread support
for the use of mobile health technologies, evidence for itsrolein health careis sparse.

Objective: We aimed to eval uate the association between amobil e phone intervention and perinatal mortality in aresource-limited
Setting.

Methods: This study was a pragmatic, cluster-randomized, controlled trial with primary health care facilitiesin Zanzibar asthe
unit of randomization. At their first antenatal carevisit, 2550 pregnant women (1311 interventions and 1239 controls) who attended
antenatal care at selected primary health care facilities were included in this study and followed until 42 days after delivery.
Twenty-four primary health care facilitiesin six districts were randomized to either mobile phone intervention or standard care.
The intervention consisted of a mobile phone text message and voucher component. Secondary outcome measures included
stillbirth, perinatal mortality, and death of a child within 42 days after birth as a proxy of neonatal mortality.

Results:  Within the first 42 days of life, 2482 children were born alive, 54 were stillborn, and 36 died. The overall perinatal
mortality rate in the study was 27 per 1000 total births. The rate was lower in the intervention clusters, 19 per 1000 births, than
inthe control clusters, 36 per 1000 births. The intervention was associated with asignificant reduction in perinatal mortality with
an odds ratio (OR) of 0.50 (95% CI 0.27-0.93). Other secondary outcomes showed an insignificant reduction in stillbirth (OR
0.65, 95% Cl 0.34-1.24) and an insignificant reduction in death within the first 42 days of life (OR 0.79, 95% CI 0.36-1.74).

Conclusions: Mobile phone applications may contribute to improved health of the newborn and should be considered by policy
makers in resource-limited settings.

Trial Registration: ClinicaTrials.gov NCT01821222; http://www.clinicaltrials.gov/ct2/show/NCT01821222 (Archived by
WebCite at http://www.webcitation.org/6NgxnxY n0).

(JMIR Mhealth Uhealth 2014;2(1):€15) doi:10.2196/mheslth.2941
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Introduction

With an increase in the number of mobile phone subscribers
from 17 million in 2000 to 650 million in 2011, sub-Saharan
Africa is experiencing a technological revolution [1]. The
benefits of using mobile phonetechnology in health care systems
in developing countries are diverse, and include improved
reporting in health information systems, telemedicine providing
care to populations otherwise deprived, and texting to improve
adherence to treatment therapy [2,3]. Mobile health has great
potential for sexual and reproductive health care and is seen as
akey areain achieving the goals of the United Nations and the
World Health Organization's (WHO) Global Strategy for
Women'sand Children’sHealth [4]. Despite widespread support
for the use of mobile health technologies, evidence for itsrole
in health care is sparse [5]. We are unaware of any other
cluster-randomized controlled trial that has assessed the use of
a mobile phone intervention to improve perinatal survival in a
resource-limited setting.

Perinatal death isamong the most devastating adverse outcome
of preghancy. Over 2.65 million stillbirths and 3 million early
neonatal deaths occur each year worldwide [6,7]. Of these
deaths, 99% take place in low- and middle-income countries
[8,9]. Although under-five mortality has declined over the past
25 years, there has been little progress in reduction of neonatal
mortality and it is an increasingly prominent component of the
overal rate of under-five mortality [10]. Therefore, to achieve
Millennium Development Goal 4 (reducing child mortality),
reducing perinatal mortality remains a challenge.

Perinatal mortality is closely linked to maternal mortality and
causes of death are similar, often obstetric in origin, including
prolonged labor, preeclampsia, infection, and obstetric
hemorrhage [8,9]. The three major causes of neonatal death are
infections, intrapartum related causes, and preterm birth
complications, contributing approximately one-third each
[10,11]. Stillbirth accounts for approximately one-half of all
perinatal deaths. Antepartum stillbirths are associated with
maternal infection, hypertension, and fetal growth restriction,
while intrapartum dillbirth is associated with obstetric
emergencies and lack of skilled care[8,12]. Perinatal mortality
isasensitiveindicator of the quality of antenatal, obstetric, and
early neonatal care available to women and newborns in any
setting. Unfortunately, those women at greatest risk are least
likely to have access to life-saving interventions and in
low-income countries where resources are limited, antenatal
care coverageis poor, and many women deliver at home without
skilled attendance and newborn care is inadequate [13,14].
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Zanzibar is similar to many other developing countries where
littleis known about perinatal mortality. According to the 2010
Demographic and Health Survey the perinatal mortality ratein
Zanzibar is 50 per 1000, and 36 per 1000 in mainland Tanzania
[15].

This report presents the detailed effect of a mobile phone
intervention named Wired Mothers on the secondary outcomes
gtillbirth, perinatal death, and death of a child within the first
42 days of life. Wired Motherslinkswomen to the health system
throughout their pregnancy, childbirth, and postpartum period
using a text message and free call voucher system. A cluster
randomization with the primary health care facility as the unit
of randomization was carried out to evaluate the intervention.
The design was chosen to prevent contamination between
women cared for at the same facility.

Methods

Design

TheWred Mothers study isapragmatic, randomized, controlled
trial with the primary health care facility as the unit of
randomization. The study took place from 2009 to 2010 on the
island of Unguja in Zanzibar, a semi-autonomous part of the
United Republic of Tanzania. We followed the Consolidated
Standards of Reporting Trials guidelines for reporting
cluster-randomized trials[16].

Participants

The study comprised 24 primary health care facilities and
pregnant women attending antenatal care at these facilities.
Clusterseligiblefor randomization werethe four primary health
carefacilitiesin each of the six districts of Unguja Island with
the most antenatal carevisitsin the previousyear and amidwife
among the staff. There were no major differences between
included facilities. They were all primary health care facilities
staffed with 1 or 2 midwives and access to basic infrastructure
and equipment. The distribution of facilities in relation to
hospitals providing Emergency Obstetric and Neonatal carewas
the same in intervention and control clusters (Figure 1). The
eligibility criteria for participants was pregnant women who
attended their first antenatal care visit at 1 of the 24 primary
health care facilities regardless of gestational age or mobile
phone ownership. A total of 2550 women were included in the
study (Figure 2). Twenty-two women miscarried and 82 women
withdrew or were not contactable during follow-up. Of these,
15 were known to have travelled outside the study area and
three were not pregnant. During the study period 5 women died
as aresult of direct obstetric complications.
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Figure 1. Research districts and location of intervention and control health facilities.
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Figure 2. Procedures for the selection of the study population.
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Ethics
The Research Council of Zanzibar approved the study protocol

on January 27" 2009. The trial is registered with
Clinical Trials.gov, NCT01821222. All women were informed
about the nature and purposes of the study as summarized in
the consent form written in the local language, Swahili. All
women provided their consent either by signature or fingerprint
prior to their inclusion in the study. Women were free to drop
out of the study at any time without a change in the quality of
care provided. All study results and completed questionnaires
were kept confidential and were not accessibleto people outside
of the research team. The trial isregistered after enrollment of
participants, due to researchers not being aware of this
International Committee of Medical Journal Editors publication
demand for relatively benign interventions without individual
randomization such as the Wired Mothers.

Intervention

The Wired Mothers mobile phone intervention was designed
with the aim to link pregnant women to their primary health
care provider throughout their pregnancy, childbirth, and
postpartum period. Theintervention was developed in Tanzania
using simple technology and at low cost. It consists of two
components: an automated short message service (SMS) system
providing wired mothers with unidirectional text messaging
and a mobile phone voucher system providing the possibility
of direct two-way communication between wired mothers and
their primary health care providers.

Women in the intervention group were registered at their first
antenatal care visit with date, a phone number, and gestational
age. The phone number was either their own or an access phone
number of a husband/relative/friend. A specially-designed
software that creates an individual pregnancy timeline for each
woman and automatically sends text messages to the registered
phone number was developed. The content and the frequency
of the messages varied throughout the pregnancy and were
intensified to weekly messages during the 4 weeks before
delivery. The content of the messages focused on health
education on topics, such as danger signsin pregnancy and the
importance of skilled delivery attendance aswell as appointment
reminders for the next antenatal care visit. A total of 29,000
SMS were sent during the intervention period. Because the
wired mothers intervention was developed in the context of the
Ministry of Health in Zanzibar prioritizing to reduce maternal
mortality, a voucher system was added to improve access to
emergency obstetric care and improve referral mechanisms.
Each intervention woman received the phone number of her
local midwife and a small voucher of 500 TSH (Tanzanian
shilling) alowing to call her. The women were not provided
with mobile phones but areferral link was created in the health
system through provision of mobile phones to midwives in
primary health care facilities, and to midwives/doctorg/drivers
at the hospital level.

I mplementation

Twenty-four primary health care facilities were éligible for the
study and the Ministry of Health agreed to let the facilities be
included inthetrial (cluster level consent). Meetings were held
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with staff in participating primary health carefacilitiesto explain
the nature and purpose of thetrial. The enrolled primary health
carefacility staff also functioned as research assistantsrecording
an inclusion questionnaire with demographic and covariate
information, registering each contact with the women and
completing an end-of -study questionnaire 6 weeks after delivery.
Research assistants were assigned to the 3 hospitals providing
emergency obstetric care and al contact with the enrolled
women were similarly recorded. All pregnant women attending
their first antenatal carevisit in one of the participating primary
health care facilities, if willing to participate, were included in
the study. All enrolled women received an individual identity
number and card. Pregnancy outcome was recorded at delivery
for facility-based deliveries and for al included women in a
follow-up interview 42 days after delivery. If the women did
not return for the end-of -study interview, the research assistant
contacted them either directly or by phone. Women attending
the standard care received the protocols recommended in
Zanzibar in the best format offered in these facilities. Double
entry of data was performed in Epidata, transferred, and
validated in SPSS.

Outcomes

We evaluated the effect of a mobile phone intervention on the
primary outcomes antenatal care (four or morevisits) and skilled
delivery attendance. These are presented in other papers[17,18].
Here, we present the interventions association with secondary
outcomes stillbirth, perinatal death, and death of a child within
the first 42 days of life. The intervention association with
antenatal care and skilled delivery attendance is presented in
other manuscripts. A perinatal death was defined asacomposite
of either atillbirth or early neonatal death. We used the WHO
agreed definition of dtillbirth as any delivery in the third
trimester (=1000 g birth weight or =28 weeks of gestation) in
which no signs of life (breathing, crying, heartbeat, movement)
were evident [9]. An early neonatal death was defined as all
babies born alive in the third trimester who die on or prior to
day 7 after birth. The perinatal mortality rate is perinatal death
per 1000 total hirths (live births and stillbirths). We included
death of a child within 42 days (where end-of-study
guestionnaire was conducted) as a proxy of neonatal mortality.

Sample Size

Power cal cul ations were made on the primary outcomes skilled
birth attendance and antenatal care attendance and did not take
into account the clustering effect. Based on the number of
antenatal care attendees from the previous year, the expected
of size of the study population during a 3-month enrolment
period was estimated to be 1100 women in the intervention
group and 1375 women in the control group. Subsequently, a
power calculation, based on data on antenatal care visits and
skilled delivery attendance from the Tanzanian Demographic
Health Survey (DHS 2005), was performed to document if the
expected study population would be sufficient to document a
true difference between the intervention and the control group
[19]. To estimate whether this sample size was sufficient for
detection of public health relevant effects of the intervention,
we used data from the DHS 2005. For instance, with a 95%
probability and apower of 90%, 894 women (447 in each group)
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were necessary for showing an increase of arelevant size (10%
increase in the number of women delivering with a skilled birth
attendant). Hence, according to our power calculations, our
proposed sample size was sufficient to document an effect of
our intervention on antenatal care and skilled delivery
attendance.

Randomization and Blinding

Primary health carefacilities, stratified by district, were assigned
by smple random dlocation to either the mobile phone
intervention or control group (Figure 1). Clusters and study
participants were not masked due to the nature of the
intervention requiring overt participation.

Statistical Analysis

Analyses were performed based on the “intention to treat”
principle and al available data were included in the analysis.
We adjusted for the clustering of our data using generalized
estimating equations in all logistic regression analyses. We
specified an exchangeable working correlation to alow for
within cluster correlation and standard errors were based on the
robust covariance matrix. We used the traditional logit link,
which resulted in odds ratios (ORs) as an effect measure.
However, for small values of the risk these can approximately
beinterpreted asrelative risks. For our binary outcome measure,
perinatal death yes/no, logistic multilevel analysis was used to
analyze if there was a difference in perinatal deaths between
the intervention and control groups. In thismodel, we included
all socioeconomic and obstetric confounding variables and
eliminated them using backward elimination (age, occupation,
education, mobile phone status, residence, parity, previous
caesarean section, multiple-gestation pregnancy). Variables
with statistical significance were included in the final model.
These were age and multiple-gestation pregnancy. Premature
delivery, mode of delivery, four or more antenatal care visits,
and delivery attendant were considered intermediate variables
and not included in the model. We found no interaction between
theintervention and explanatory variables. For other secondary
outcomes we used a similar approach. Results were expressed
as OR for perinatal deaths with 95% CI. Because perinatal
mortality isarare event thiscan beinterpreted asarelative risk.
For al models the criterion for significance was set at P<.05
and all analyses were performed using SPSS (version 20).
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Results

Socioeconomic characteristics of the study population were
similar in intervention and control clusters. On average, mobile
phones were owned by 37% of women, and 58% resided in
rural areas (Table 1). Obstetric risk factorswere also similar in
the intervention and control clusters. On average, 7% of the
women had previously had a caesarean section, 20% were
pregnant for the first time, and 25% werein their fifth or more
pregnancy (Table 2). Twin pregnancies accounted for 1%. Of
these 15 pairs of twins, 2 were stillborn, and 4 were early
neonatal deaths. In the studied pregnancies, 13.9% (182/1311)
of intervention women and 16.1% (199/1239) of control women
had a complication (Table 2). There was a difference in mode
of delivery with more control women (29/1202, 2.4%) delivering
with fundal pressure versusintervention women (3/1284, 0.2%).
The cesarean section frequency was approximately the same
with 3.5% (45/1284) of intervention and 3.8% (46/1202) of
control women (Table 2). Morewomen in theintervention group
(574/1311, 43.8%) received the recommended four or more
antenatal carevisitsthanin the control group (385/1239, 31.1%).
More intervention women delivered with skilled delivery
attendance (766/1284, 59.7% vs 560/1201, 46.6%), and as
previously described this difference was only statistically
significant for urban women [17].

Overall, 2482 children were live born, 54 were stillborn, and
36 died within the first 42 days of life (Table 3). Of these, 69
children were perinatal deaths. Nine children were reported
dead, but had an unknown time of death and they were,
therefore, not included as perinatal deaths. The stillbirth rate
was 17 per 1000 hirths in the intervention group versus 26 per
1000 hirthsin the control group (Table 3). The overall perinatal
mortality rate was 27 per 1000 total births. The rate was lower
in the intervention clusters, 19 per 1000 births, than in the
control clusters, 36 per 1000 births (Table 3). The intervention
was associated with a significant reduction in the outcome
perinatal mortality with an OR 0.50 (95% Cl 0.27-0.93) (Table
4). Other secondary outcomes showed an insignificant reduction
in stillbirths (OR 0.65, 95% CI 0.34-1.24) and an insignificant
reduction in death of a child within 42 days (OR 0.79, 95% ClI
0.36-1.74) (Table 4).
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Table 1. Socioeconomic characteristics of study population.

Variable Intervention Control
n (%) n (%)

Health facilities

Number 12 12
Participants

Number of women 1311 (51.4) 1239 (48.6)
Age?

<19 107 (8.5) 118 (9.9)

20-24 310 (24.6) 307 (25.6)

25-29 371 (29.5) 309 (25.8)

30-34 248 (19.7) 259 (21.6)

35+ 222 (17.6) 204 (17.0)

Occupation b

Housewife 691 (53.0) 691 (55.8)
Farmer 286 (21.9) 241 (19.5)
Sales women 133(10.2) 117 (9.4)
Government 51 (3.9) 46 (3.7)
Student 22(1.7) 19 (1.5)
Other 121 (9.3) 112 (9.0)
Education ©

No 204 (16.0) 220(18.3)
Primary 464 (36.3) 440 (36.7)
Secondary and above 569 (44.5) 503 (41.9)
Other (religious education) 41(3.2) 37(3.1)

M obile phone status d

owns 494 (37.8) 439 (35.5)

Does not own 813 (62.2) 796 (64.5)
Residence status

Rural 743 (56.7) 730 (58.9)

Urban 568 (43.3) 509 (41.1)

8Mlissing cases 95
PMissing cases 20
®Missing cases 72
dMissing cases 8
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Table 2. Obstetric characteristics of study population.

Variable Intervention Control
n (%) n (%)
Parity @
Prime 264 (20.5) 233(19.4)
1-2 428 (33.2) 356 (29.6)
34 292 (22.6) 297 (24.7)
5+ 306 (23.7) 315(26.2)

Previous caesarean section ®
Yes 72(7) 69 (7)
No 926 (93) 872 (93)
M ultiple-gestation pregnancy ©
Multiple gestation 9(0.7) 6 (0.5)
Single gestation 1297 (99.3) 1231 (99.5)
Premature delivery d
<37 gestation weeks 600 (46.3) 550 (45.9)
Atterm 697 (53.7) 649 (54.1)
Severe complication
Yes 182 (13.9) 199 (16.1)
No 1129 (86.8) 1040 (83.9)

M ode of delivery ©

Spontaneous vaginal 1231 (95.9) 1122 (93.3)
Fundus pressure 3(0.2) 29 (2.49)
Assisted vaginal delivery 5(0.4) 5(0.4)
Cesarean section 45(3.5) 46 (3.8)

Antenatal care
Four or more visit 574 (43.8) 385(31.1)
Less than three visits 737 (56.2) 854 (68.9)

Délivery attendant f.g
Skilled 766 (59.7) 560 (46.6)
Unskilled 518 (40.3) 641 (53.4)

3Mlissing cases 59

BMissi ng cases 611

®Missing cases 7

IMiss ng cases 54

eMissing cases 62

"Miss ng cases 65

9We used the WHO definition, whereby skilled delivery attendants are midwifes, doctors, or nurses who have been educated and trained in the skills
needed to manage pregnancies, childbirth, and theimmediate postnatal period, including the identification, management, and referral of complications

in women and newborns. We also included home deliveries assisted by skilled birth attendants, although international consensus has not been reached
on thisissue.
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Table 3. Number of births, deaths, and mortality rates.
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Variable Intervention Control Total
n n n
Total births 1300 1236 2536
Live birth 1278 1204 2482
Still birth 22 32 54
Fresh 17 24 41
Macerated 5 8 13
Perinatal mortality 25 44 69
Neonatal mortality® 18 18 36
Still birth rate (per 1000 births) 17 26 21
Perinatal mortality rate (per 1000 births) 19 36 27
Neonatal mortality rate”
(per 1000 live births) 14 15 15
3Missing cases 7
bDeath<42 days
Table4. . Intervention association with secondary outcomes.
Unadjusted OR?P Adjusted OR?C
Variable (95% CI) (95% Cl)
Stillbirth

Intervention vs control 0.62 (0.31-1.22)
Perinatal mortality

Intervention vs control 0.49 (0.27-0.90)

Neonatal mortality d

Intervention vs control 0.85(0.37-1.95)

0.65 (0.34-1.24)

0.50 (0.27-0.93)

0.79 (0.36-1.74)

80dds ratio
BAdjusted for within-cluster effect

CAdjusted for within-cluster effect and significant variables associated with perinatal mortality

IDesth<42 days

Discussion

Principal Findings

Our findings showed an associ ation between the Wired Mothers
mobile phoneintervention and areduction in perinatal mortality.
Children born by women in the intervention group had a 50%
reduction in perinatal mortality compared with children born
by women in the control group. There was an insignificant
reduction in death of children withinthefirst 42 days, indicating
that the beneficiary implications of the Wred Mothers
intervention was centered on improving women'’s choices of
care and access to care during pregnancy and in the time
surrounding the delivery.

Strengths and Limitations

Theprincipal strength of our study isthat it met the requirement
of systematic reviews calling for trials of mobile phone
interventions in developing countries [2,3]. The intervention
was developed at low cost in Tanzania using locally-based

http://mhealth.jmir.org/2014/1/e15/

RenderX

software devel opment expertise to promote sustai nability of the
program. We used a robust study design with arelatively large
sample of health facilities and participants. Others have used
similar design for trailing complex interventionsin low-resource
settings [20]. Intervention and control clusters were similar in
socioeconomic and obstetric background characteristics, and it
isreassuring that after adjustment for identifiable potential risk
factors, the crude and adjusted results are similar. Blinding was
impossible due to the nature of the intervention increasing the
chance of a selection or information bias. Because 9 children
had an uncertain time of death thereisarisk that we may have
underreported perinatal deathsin either intervention or control
clusters. It is a limitation that the number of women with
miscarriages (22) or who withdrew from the study (82) exceeds
those with the outcome perinatal death (69), particularly because
there is a high likelihood of worse outcomes in those women
lost to follow up. We therefore caution that other studies with
perinatal mortality as a primary outcome should confirm our
findings.
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Comparison With Other Studies

Because thisisthefirst trial ng the association between
amobile phone intervention and perinatal mortality we cannot
compare with other results. Free et a [2,3] found that while
mHeal th studies have been conducted many are of poor quality,
few have alow risk of bias, and very few have found clinically
significant benefits of theinterventions. The 2012 Lancet report
of technologiesfor global healthidentified only nine randomized
controlled trials for mHealth in low-income countries [21].

Our results are in line with other studies of perinatal mortality
in sub-Saharan Africa, although the perinatal mortality rate for
our study (27 per 1000 births) was below the estimates for
Tanzania [6,9,22]. Our study confirms results from others
indicating that tillbirths may constitute up to 70%-80% of
perinatal deaths and underlinestheimportance of accessto good
quality antenatal and delivery care[22]. Being one of the main
causes of early neonatal death it is a concern that we found
higher incidences of prematurity than otherwise reported from
the region [23,24]. The gestational age at delivery is however
based on provider estimates and should be interpreted with
caution. It isapparent that with accessto adequate medical care,
especialy in the intrapartum and early neonatal periods, many
perinatal deaths might be prevented [25]. For instance, a study
from Tanzania assessed a basic neonatal resuscitation training
at hospital level and demonstrated aremarkabl e sustained 47%
reduction in early neonatal mortality (within 24 hours) and a
24% reduction in fresh stillbirths[26]. The authors suggest that
the most plausible explanation for this reduction in fresh
stillbirths was that most nonbreathing infants are in primary
apneawith aheart rate and will initiate spontaneous respiration
in response to drying and stimulation only if implemented in a
timely manner [26]. We found an association between the Wired
Mothers intervention and a reduction in perinatal mortality.
However, we cannot explain the exact factors that contributed
to this. There was an increase of antenatal care and skilled
delivery attendancein theintervention clusters but, for instance,
alow rate of caesarean section in both groups [17,18]. Hence,
anincreased level of caesarean section in theintervention group
did not contribute to the reduction.

A major part of the evidence for sexua and reproductive
mHealth comesfrom the use of text reminders. Studies primarily
indicate potential to improve knowledge and awareness
[5,27,28]. Another area where mHealth is widely used is
text-based appointment reminders. Two recent reviews have
found moderate quality evidencethat mobile phonetext message
reminders for health care appointments are more effective than
no reminders and that such interventions may be appropriate
for implementation [2,29]. Similarly, our study has produced
evidence of increased skilled delivery attendance among urban
women benefiting from amobile phone intervention (OR 5.73,
95% CI 1.51-21.81) and an overall increasein women attending

Lundetd

antenatal carefour or moretimesasrecommended by the WHO
(OR 239, 95% CI 1.03-5.55) [17,18]. There is, to our
knowledge, only one other trial from a devel oping country that
has attempted to use a health outcome as a primary outcome.
In Kenya, a high quality trial used text messages to improve
adherenceto antiretroviral therapy among HIV-positive patients.
This intervention significantly reduced the patients’ viral load
but did not significantly reduce mortality [30]. Our results and
the study from Kenyaarein accordance with the limited existing
literature on mHealth asamoderate tool for behavioral change,
and indicate that positive behavioral effects can be reached in
developing countries [2,3,31]. It is not possible to determine
which component (eg, the SM S reminders or the vouchers) had
the most significant impact on perinatal mortality. The Wired
Mothersintervention sought to influence and improve all stages
in receiving adequate care as proposed in the "Three Delays"
model, and most notably the decision making to seek care and
reaching an appropriate obstetric facility [32]. The SMS text
messages aimed to empower women to make informed decision
about attending regular antenatal care and delivery with askilled
attendant. The level of voucher contacts between the women
and their primary health care providers were higher than
expected. It served to improve emergency referrals, but it also
served to increase linkages and trust on a more general basis.

Policy Implications

Thepolicy implicationsfor this study arethat text-based mobile
phoneinterventions such asWred Mothers should be considered
to reduce perinatal mortality and to achieve Millennium
Development Goal 4. An increasing nhumber of developing
countries have a framework in place with nationa mHealth
policies and there are a number of mHealth solutions being
piloted in developing countries. Few are being scaled up and
the real test for mHealth is scalability and integration into
existing systems [33]. Despite the global progress in reducing
deaths of children younger than 5 years, thereislittle reduction
inthe global perinatal mortality rates. The causality of maternal
deaths, stillbirths, and early neonatal deaths are interlinked.
Therefore, monitoring and policies should be integrated. We
suggest to include reduction of perinatal mortality in the post
2015 agenda to further reduce child mortality in developing
countries.

Conclusions

In conclusion, the Wired Mothers mobile phone intervention
was associated with a reduction in perinatal mortality. Mobile
phone applications may contribute to improved health of the
newborn and should be considered by policy makers in
resource-limited settings. Overall, thereis limited evidence on
the effects of mobile phone interventions and further
high-quality research is required to draw more robust
conclusions, particularly for developing countries within the
field of reproductive and child health.
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Abstract

Background: Medical abortion is legal in South Africa but access and acceptability are hampered by the current protocol
requiring a follow-up visit to assess abortion completion.

Objective: To assessthe feasibility and efficacy of information and follow-up provided via mobile phone after medical abortion
in arandomized controlled trial (RCT).

Methods: Mobile phones were used in three ways in the study: (1) coaching women through medical abortion using short
message service (SMS; text messages); (2) aquestionnaire to assess abortion completion via unstructured supplementary service
data (USSD, a protocol used by GSM mobile telephones that allows the user to interact with a server via text-based menus) and
the South African mobile instant message and socia networking application Mxit; and (3) family planning information viaSMS,
mobisite and Mxit. A needs and context assessment was done to learn about women’s experiences undergoing medical abortion
and their use of mobile phones. After development, the mobileinterventions were piloted. Recruitment was done by field workers
at the clinics. Inthe RCT, women were interviewed at baseline and exit. Computer logs were also analyzed. All study participants
received standard of care at the clinics.

Results: In the RCT, 234 women were randomized to the intervention group. Eight did not receive the intervention due to
invalid numbers, mis-registration, system failure, or opt-out, leaving 226 participants receiving the full intervention. Of the 226,
190 returned and were interviewed at their clinic follow-up visit. The SM Sswere highly acceptable, with 97.9% (186/190) saying
that the SM Ss hel ped them through the medical abortion. In terms of mobile phone privacy, 86.3% (202/234) said that it was not
likely or possible that someone would see SM Ss on their phone, although at exit, 20% (38/190) indicated that they had worried
about phone privacy. Having been given training at baseline and subsequently asked via SM'S to complete the self-assessment
guestionnaire, 90.3% (204/226) attempted it, and of those, 86.3% (176/204) reached an endpoint of the questionnaire. For the
family planning information, a preference for SMSwas indicated by study clients, although the publicly available Mxit/mobisite
was heavily used (813,375 pages were viewed) over the study duration.

Conclusions: SMS provided a good medium for timed, "push" information that guided and supported women through medical
abortion. Women were able to perform a self-assessment questionnaire via mobile phones if provided training and prompted by
SMS. Phone privacy needs to be protected in similar settings. This study may contribute to the successful expansion of medical
abortion provision aided by mobile phones.

Trial  Registration: Pan  African Clinica Trias Registry (PACTR): PACTR201302000427144;

http://www. pactr.org/ AT M Web/appmanager/atm/atmregistry ?dar=true& tNo=PACTR201302000427144 (Archived by WebCite
at http://www.webcitation.org/6N0fnZfzm).
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Introduction

Background Information

Medical abortion is legal in South Africa, and services have
recently been expanding in the public sector. Medical abortion
has support from both clientsand providers[1-4]. Reasonsgiven
by clientsincluded privacy, control of the process by the client,
and avoidance of surgical procedures. Providers of surgical
abortion in the public sector felt that medical abortion could
help relieve the burden on current services[3] because medical
abortion is more acceptable to nursing staff with ambivalent
feelings about abortion.

The current protocol requires afollow-up appointment to assess
abortion completion, and in practice the regimen of clinic visits
required for medical abortion is higher than that for surgical
abortion [2,5], and substantial staff time can be spent tracing
clients who have defaulted on their follow-up appointments
([6]; persona communication by Deborah Constant with medical
abortion provider, 2010). From a client perspective, each
additional clinic visit can be a burden to those who have
difficulty accessing abortion services due to time and/or
economic constraints (eg, working women, women at school,
or women living far from clinics). Previous research has shown
that thisvisit can be replaced with atel ephone assessment [ 7-9].

Mobile Phonesin South Africa

South Africa has avery high level of mobile phone ownership.
International Telecommunications Union (ITU) [10] statistics
indicated that there were 134.8 pre- and post-paid mobile
subscriptions for every 100 peoplein 2012. South Africa’'s All
Mediaand Products Survey (AMPS) reported in 2011 that 80%
of adults personally own, rent, or use a mobile phone, while
only 15% have a landline telephone at home [11]. In terms of
gender, there is only a 5% difference in favor of men in terms
of maobile ownership [12].

There is little published research for South Africa on shared
versus private use of mobile phones. One study of 411
low-income urban youth in Cape Town found that more than
three-fourths (77%) of respondents reported that they owned a
personal handset rather than using or sharing someone else’'s
phone (18%) [13]. A small minority used someone else’s phone
but owned a personal SIM card (4%). The ITU’s and AMPS
high rates of mobile penetration in South Africatally with the
findings of Kreutzer's study: the majority of South Africans
have their own mobile phone.

Use of M obile Phonesin Health

mHealth literature can provide evidence for efficacy from
similar interventions and suggestions for good practice.
Particularly relevant is a review of research evaluations of
mobile phone voi ce and text message interventionsthat provided
care and di sease management support, which looked at outcomes
of care and processes of care [14]. The authors reported,

http://mhealth.jmir.org/2014/1/e5/

“[s]ignificant improvements were noted in compliance with
medicine taking, asthma symptoms, HbA1C, stress levels,
smoking quit rates, and self-efficacy. Process improvements
were reported in lower failed appointments, quicker diagnosis
and trestment, and improved teaching and training.” Importantly,
they stated that enhancing current standards of care with
reminders, disease monitoring and management, and information
provision through mobile phones can help improve health
outcomes and care processes, and that this hasimplicationsfor
both patients and providers.

The recent review of mHealth behavior change communications
interventions in developing countries [15] emphasized the
importance of formative research to design interventions that
areappropriatefor the audience from acultural perspective and
in terms of health needs and telephone use. The review also
recommended pretesting of messages to test these elements.

While the number of studies on the use of mobile phones in
health has grown rapidly in the past few years, there are
significant gaps in the mHealth body of evidence [16], and
investigation into the use of telephonesin medical abortion was
limited to the use of voice callsin verbal consultativefollow-up
[7,8]. To our knowledge, no studies into the use of text-based
mobile phoneinterventionsfor medical abortion follow-up were
known at the time of designing this study.

Purpose

To explore the use of mobile phones to simplify medical
abortion provision, a study was done in South Africato assess
the feasibility and efficacy of a package of information,
self-assessment of abortion completion, and support provided
via mobile phones to reduce the need for a follow-up visit by
clients, enhance the experience of medical abortion for clients,
reduce demands on medical abortion providers; and strengthen
post-abortion knowledge and uptake of family planning.

This paper describes the process of developing the various
mobile interventions used in the randomized controlled tria
(RCT), reports on findings of the study related to mobile phone
use in this context, and reflects on lessons learned. It is
anticipated that this will contribute to the growing body of
knowledge around the use of mobile phonesin health, and in
particular the use of mobile phonesto makeamedical procedure
easier.

Methods

Study Phases

The study involved three phases. aneeds and context assessment
(NCA), a pilot, and an RCT (PACTR201302000427144).
Development of the mobile interventions was done after the
NCA.
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Needs and Context Assessment

The NCA was designed to learn about the experiences of South
African women undergoing medical abortion to inform the
content of text messaging (short message service, SMS). We
also wanted to understand women’s use of their mobile phones
to design the mobile interventions suitably. Twenty consenting
clients were asked at their medica abortion follow-up
appointment about their experience of their medical abortion,
current use of their mobile phones, the privacy of their mobile
phone, their language preferencefor texting, and their feedback
on draft text messages was solicited. Feedback on the draft text
messages was sought by sending partici pants one text message,
and showing them other text messages in mobile phone
mock-ups.

Six medical abortion providers were also interviewed to learn
more about issuesthey faced in medical abortion provision and
their impressions of challenges faced by clients, so that these
could be addressed in the mobile interventions. The NCA was
donein May and June 2011 at anongovernmental clinicin Cape
Town's city center and a public sector clinic in Khayelitsha, a
disadvantaged township area 20 km outside the city.

Development of the M obile I nterventions

Rationale

The development of the mabile interventions used the
information gleaned from the NCA. Mobile was used in three
ways in the study: (1) text messages coaching women through
the medical abortion process; (2) self-assessment of abortion
completion; and (3) provision of family planning information
and encouragement viaamobisite (website optimized for mobile
phones), Mxit (apopular South African mobileinstant message
chat and social network with over 7.5 million active users) [17],
and text messaging.

These mobile-based interventions were al text-based and
automated so that no additional burden was placed on health
care providers, and the interventions could be easily scaled if
effective or useful.

Text Messaging

Text messages were chosen for coaching because they can be
timed (ie, sent at a particular time and date), and are a private
means of communication if recipients have their own phones
(which islargely the case in South Africa).

The text messages were sent via Cell-Life's online system
Communicate, which allows for text messaging campaigns to
be prel oaded on the system and triggered by registering a new
study participant on the system. (Hence, text messages did not
need to be sent manually for each participant; she just needed
to be subscribed to the relevant Communicate SMS campaign,
and her text messages were automatically sent by the system.)
Text messages were set to be sent at particular times (at 9 am
and 6 pm), and participants had been told what time to expect
the text messages in awelcome-SMS.

SM Stext messaging content was devel oped based on aliterature
review that covered how women experiencethe medical abortion
process (eg, timing of bleeding and pain, and potential danger
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signs like excessive bleeding and fever), and issues raised by
women and providersinthe NCA (Figure 1). Thetext messages
were provided in English only in the pilot, and an additional
two South African languagesinthe RCT (Xhosaand Afrikaans).

Inthe pilot and RCT, each participant received 23 text messages
over approximately 3 weeks. Nineteen of these were double
SMSs; that is, two concatenated into one to allow for alonger

text message.

Participants could opt out of receiving text messages at any
point by sending afree please-call-me text message to anumber
that had been provided in the first text message they received
after consenting to the study. Thisis standard procedurein South
Africa—when people subscribe to a text messaging service,
they should be provided with a way to stop the text messages.
This was particularly important in our study, in case women
had privacy concerns arising from the SM Ss.

Figure1l. Example of text message.

Hey more info on
the pills: if u get
cramps, use heat
or take pain
killers. It can be
- pretty sore - don't
| be scared. U may

feel sick, vomit, or
get a runny
tummy. It's not a
problem.

Self-Assessment

The self-assessment of abortion completion (SA) was a
guestionnaire designed to be self-administered by participants
via mobile 10 days after they had taken the final medical
abortion pills, following a text message to complete the
guestionnaire (Figure 2). Its content was devel oped based on a
literature review and interviews with providers and key
informants to understand how abortion completion could be
assessed based on questions women would be able to understand
and answer. The questionnaire routed users through up to five
guestions, to assessif the abortion was complete or incomplete,
or if pregnancy was ongoing. If the SA concluded that the
abortion wasincomplete or pregnancy ongoing, thefinal screen
urged users to go back to the clinic for further care.

We decided to provide the SA via mobile phone because a
paper-based SA could raise privacy concernsor belost if clients
received it at the clinic on day 1 of the medical abortion process.
We also thought that asking participantsto do the SA viaSMS
would be a discreet way of prompting them to do it, and more
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effective than apamphlet, which could belost or easily ignored.
There were no privacy concerns with the SA because although
its content concerned abortion, it was up to the user to decide
when they completed it.

We implemented the SA to be available either via Mxit or via
unstructured supplementary service data (USSD) for clients not
able or willing to use MXit. USSD is a protocol used by GSM
mobile telephones that allows the user to interact with a server
viatext-based menus. The offering of the SA via USSD meant
that an airtime payment had to be made, as USSD costs most
users 20 South African cents per 20 seconds. An R10
(approximately $1.10) airtime payment was made on the day
they were sent the text message asking them to complete the
SA. The SA wasimplemented in English, Xhosa, and Afrikaans.

Figure 2. First screen of the self-assessment.

Hi! You can check

if things went OK.

Did you bleed?

Select Reply/

Answer and send
~ the number of

your answer:
1 Yes
2 No

Family Planning I nformation

The family planning content was based on the World Health
Organization's Family Planning: A Global Handbook for
Providers[18] and study principal investigators' knowledge of
appealing features of various family planning methods (Figure
3). The content was loaded on amobisite [19], which was aso
viewable through Mxit. Participants were sent 2 text messages
asking them to view theinformation. The mobisite was created
using the free and open source content management system
Joomla along with the personal device assistant extension to
make the site render well in mobile browsers and Mxit. After
the pilot, SMSs providing participants with tips for future
choices of family planning methods were added.

http://mhealth.jmir.org/2014/1/e5/
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Figure 3. Example of family planning text message.

Hi more on avoiding
pregnancy :-) . The
IUD is a small device
placed inside the
womb. It may
increase monthly
bleeding and cramps
at 1st.

|It's called ‘forgettable
| |contraception' cos it
lasts for 5 - 12 years!
U just have it
removed if u don't
want it anymore. Ask

Pilot Study

The pilot of the study was run as a small version of the RCT,
and was done to test the mobile interventions and study
processes. It did not involve a control arm, and was carried out
at the same sitesasthe NCA from Juneto September 2011. The
pilot was done in two phases due to very low use of the SA in
the first pilot and technical problems. Phases 1 and 2 involved
20 and 10 women, respectively.

Randomized Controlled Trial

Thiswasatwo-arm trial in which participants were randomized
into a control arm (N=235) and an intervention arm (N=234).
Both armsreceived the standard medical abortion carefromthe
clinics. It was conducted at two nongovernment and two
government-run clinics. These were located in Cape Town's
city center; a busy suburban transport terminus, and in
Khayelitsha. To be eligible, participants were aready signed
up to undergo amedical abortion at the clinic, 18 yearsor older,
willing to come to their clinic appointments and be accessible
by phonefor 7 weeks after consenting, and own amobile phone
on which they could get medical abortion -related information
and messaging. A baseline questionnaire was administered after
consent (before randomization), and an exit questionnaire was
administered at the participant’s follow-up appointment. A
telephone interview 1 month after the text messages ended was
attempted to probe use of the family planning content provided
viamobile phone.

Results

Needs and Context Assessment

The NCA provided valuable information on mobile phone use
among the study target population, as shown in Table 1.

In terms of mobile phone privacy, 65% (13/20) of clients
indicated that no one else used their phone. These other people
were most often family membersor the client’sboyfriend, while
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2 clients said that friends had access to their phone. For text
messaging privacy, 80% (16/20) said that no other people ever
picked up their phone and read their SMSs. Eighty percent
(16/20) indicated that their phone was private enough for them
to feel comfortable receiving text messages related to abortion.

In terms of language, 80% of clients (16/20) indicated that they
would prefer to receive the text messages in English, while 2
indicated a preference for text messages in Xhosa and 1

Table 1. Activities on mobile phone (N=18).2

de Tolly & Constant

preferred Afrikaans. One client would not mind receiving the
text messages in Xhosa or English.

Feedback on the text messages indicated that 85% (17/20)
thought that they were useful, particularly asareminder to take
their pills; the text messages told them what to expect and
provided support. Fifteen percent (3/20) thought that the text
messageswere not useful because the information wasincorrect;
the clients didn’t want a reminder because the event was sad;
and the client already had the information from the clinic.

Activity n (%)
Make/receive calls 18 (100)
Send/receive please-call-me's 15(83)
Text messaging 18 (100)
Mxit 3(17)
Facebook 9 (50)
Email 4(22)
Browse the Internet 7(39)

#Two missing responses

Pilot

The pilot showed that the processes and systems used for text
messaging initiation and ongoing sending worked well, apart
from a Communicate bug experienced in the first pilot that was
fixed. The feedback on the text messages showed that most
clients were happy with the quantity and content of the
messages. All said uneguivocally that text messaging helped
them through the procedure and that they would recommend
them to a friend having a medical abortion. A minority found
the messages too long or had difficulties with privacy or
problems understanding them.

One participant sent in a please-call-me text message to the
designated opt-out number to stop thetext messages, on the day
that she had received her last text message.

The phase 1 pilot highlighted problems with SA use. Log files
provided by the USSD service provider showed that only 65%
(13/20) of participants tried the SA. We traced the problem to
a bug in Communicate, which meant that the text messages
giving participants their airtime on the day that they wereto do
the SA were not always sent successfully. This was remedied,
and in the second pilot, 80% (8/10) of participantstried the SA.

Over both pilots, 70% (21/30) tried the SA and only 48% (10/21)
of those who tried were able to complete it successfully. Many
userstried the SA multiple times, sometimeswith clear patterns
of learning (for instance, initially managing to advance one or
two screens, and after repeated attempts managing to finish the
SA). Based on the pilot results, to maximize SA use, we
instituted a short training session on the SA a the time of
consent where the fieldworkers went through a smulated SA
with the participant on their phones. We also added a manual
reminder-text message: if a participant had not completed the
SA after 2 text message requests, they were sent a third text

http://mhealth.jmir.org/2014/1/e5/

message indicating that our logs showed that they had not yet
attempted the SA.

Twenty-four clients completed the follow-up telephone
interview. Eighty-three percent (20/24) said they had tried to
access the family planning information via Mxit or mobisite
and of these, 19 (95%) succeeded in reading the information.
However, to ensurethat everyonein the RCT intervention group
received family planning information, we added 5 family
planning-related text messages to the campaign of coaching
text messages.

Randomized Controlled Trial

Description

This paper does not report on the outcomes of the RCT, which
isto be reported el sewhere (paper under submission). Findings
relevant to the acceptability and use of mobile phones in the
RCT are reported here. In terms of participant numbers, of the
234 randomized to the intervention group at baseline, 8 did not
receive theintervention dueto invalid numbers, misregistration,
system failure, or opt-out, leaving 226 participants receiving
the full intervention. Of the 226, 190 (84%) returned and were
interviewed at their clinic follow-up visit.

Mobile Phone Privacy

At baseline, 86.3% (202/234) said that it was not likely or not
possible that someone would see text messages on their phone;
79.5% (186/234) said that others usetheir phone never or amost
never.

However, the exit interviews showed that 20% (38/190) had
worried about privacy and receipt of text messages about
abortion. Most of those citing privacy concerns were worried
about people, particularly family, seeing the text messages.
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Because| did not tell anyone at homeso | didn't want
themto find out before | tell them.

If somebody would have seen the SMSs then they
would know what | was doing.

No adverse events relating to mobile phone privacy were
reported, however.

Text Messaging Language
Text messageswere availablein English, Afrikaans, and Xhosa

inthe RCT. No participants chose Afrikaans, and 6.8% (16/234)
chose Xhosa

Technical |ssues With Text Messaging

A total of 5471 text messages were sent with a failure rate of
5% (that is text messages that could not be delivered due to a
network problem or a problem with the user’s phone).
Participant comments on the text messages showed that delayed
receipt of the text messages was an issue for some, as was
repeated deliveries of text messages (the same text message
being delivered morethan once). Delayed receipt isan inevitable
problem because mobile networks can be congested, and users
phones are sometimes switched off or out of network range.
We do not know the reason for repeated deliveries, but assume
that it must be an issue on the network.

Qualitative feedback from participants on whether the text
messages had helped them through their abortion showed that
overwhelmingly, women experienced the text messages as a
guide:

It's almost like they are so informative, they came
exactly when you need them and some of the things
that SMStold me | was not told at the clinic—so it is
like you have a nurse by you all the time.

The SMSs weretelling me what to expect like the one
that told me that | might vomit and that did happen,
but | was not worried because the SMSs had war ned
me.

| felt that there was someone who knew and
understood. They told me what was going to happen.

| didn't have support as | wasthe only one who knew
so the SMSs were there to support and to guide me
through the process.
Many also said that they felt supported and comforted, and less
alone:

http://mhealth.jmir.org/2014/1/e5/
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Felt someone was holding my hand through the whole
process.

Sometimes the SMSs comforted mel felt the SMSs
understood what | was going throughFelt like a
friend.

It is a very good thing to have if it was not because
of the SVISs, | would have freaked out and come to
the clinic—it was like somebody was there looking
out for me,

For those who said that some of the text messages made them
unhappy, one said that the text messages brought back bad
memories, and another said that she was scared to know what
was going to happen. Two said that the text messagesthat talked
about blood made them unhappy:

| was expecting that somebody will tell methat | am
not going to bleed too much but the SMS| received
about bleeding disappointed me.

The SMSs about bleeding and clots is the only one
that made me unhappy. | was so scared to see blood.

Comments on the text messages show that some participants
shared the text messages. Because thiswas not an issue that we
probed, we do not have statistics on the extent of sharing:

Really opened my eyes. Took me through process.
Boyfriend also read SMSs. It made me fedl at ease.

They helped me because if | forgot something | will

go to my SMSs to remind me. My mother even said:

“ These people really care about abortion, they even

send you SMSs” .
For those who indicated that they did not feel comfortable with
thetiming of the text messages, commentsindicate that daytime
might not be the best time to send the text messages (due to the
greater likelihood of others seeing the text messages during the
day).

Only 1 participant opted out of getting the text messages, on
the same day as she had consented to participate in the study.
She was called to find out her reasons for opting out, and said
that it was for personal reasons.

Participant Feedback on the Text Messages

Table 2 summarizes participant feedback on the text messages,
which was sought in the exit interview.
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Table 2. Participant feedback on text messages (N=190).

de Tolly & Constant

Question Answer n (%)

The text messages were too many Agree 20(10.5)
Some text messages were too long Agree 14 (7.4)

| felt comfortable with the time the text messages were sent to me Agree 179 (94.2)
The information in the text messages is clear and easy to understand Agree 99 (52.1)
Some of the text messages made me unhappy Agree 5(2.6)
Some of the text messages confused me Agree 9(4.7)

| would recommend text messaging to a friend who was going through the same thing Agree 188 (98.9)
| was always worried about privacy (that someone might see the text messages) Agree 38 (20)
The text messages hel ped me through my abortion Agree 186 (97.9)

Self-Assessment

In the exit interview, participants were asked about their use of
the SA (Table 3) and most indicated that they had attempted to
complete it. Reasons for not completing the SA included not
understanding the instructions in the text message, someone
else having the phone, and not feeling like it or forgetting. Of
those who said they had attempted the SA, most said that the
SA was easy or very easy to do. For those who found it hard,
difficulties centered on network or system failures. A specific

Table 3. Self-reported data on self-assessment use.

guestion was asked about failures experienced when attempting
the SA, and almost one-fourth of participants reported failures.
Participants were asked whether they reached the end of the
guestions (where it said that the questions were finished), and
the vast majority thought that they had.

Computer-generated logs of actual SA use were also analyzed
and are shown in Table 4.

Table 5 shows the number of text messages that had to be sent
to try to get participants to attempt the SA.

QOutcome N n (%)
Attempted the SA 190 175 (92.1)
Reached an endpoint 175 162 (92.6)
SA easy to do 173 161 (93.1)
Failures experienced 177 42 (23.7)

Table4. Computer log data on self-assessment use.
Qutcome N n (%)
Attempted the SA 226 204 (90.3)
Reached an endpoint 204 176 (86.3; 77.9% of 226)
Reached different endpoints on successive attempts 176 12 (6.9)
Number of attempts needed to reach endpoint 176 1.7 (1.6); 1 (1-2)2

3Data presented as mean (SD); median (IQR).

Table 5. Prompting needed for SA use.

Outcome N n (%)
Attempted SA before first text message 226 4(1.8)
Attempted SA after first text message 226 150 (66.4)
Attempted SA only after second text message 226 29 (12.8)
Were reminded to do SA: third text message 226 38(16.8)2
Responded to third text message and attempted SA 38 21 (55.3)

3Five participants were not sent reminders but should have been. Hence, 43/226 (19%) needed a third reminder.
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Family Planning I nformation

Of the 234 clients in the intervention arm, 75.6% (177/234)
compl eted telephoneinterviews 1 month after the text messages
ended, although these yielded little useful information on
women's accessing of family planning information via mobile
phones. Fifty-two percent (92/177) of those contacted indicated
that they had been ableto accessthe family planning information
via the mobisite or Mxit (67 did not; 18 had missing data).
However, we doubt this self-reported figure because at baseline
only 12.8% (30/234) indicated that they used Mxit (we did not
ask about mobisite use). Participant comments reinforced what
we knew about many of the women not having phones that
could access the Internet or Mxit, and reference was made to
preferring to access the information via text messaging. Use
statisticsfor the period of the RCT (October 2011 to May 2012)
indicate that 813,375 pages of the Mxit/mobisite were viewed,
but we cannot match these figures with study participants
because site statistics are anonymous.

Discussion

Principal Results

This paper focused specifically on findings related to the
development and use of the maobile phone-based interventions
provided in the study. Our main findings were that the extensive
formative research process led to the development of text
messages that were highly acceptable and a valued form of
coaching through medical abortion; a mobile phone-based
guestionnaire to check abortion progress was viable in terms of
use, given a short training session; and phone privacy in the
study context was not perceived to be a major issue, although
in practice more women worried about privacy than had
indicated this at baseline.

While a three-stage study design added to study time and cost,
it was essential to assess how people in our target population
used their phones so that we could tailor what mobile
technologies (eg, Mxit, USSD, and SMS) were appropriate for
delivering the interventions. The pilot phase allowed us to do
usability testing, particularly for the SA, and showed us the
importance of a short training on how to do it.

It is of particular interest that the text messages were seen as
supportive, like someonewastherefor therecipient. They were
not written to be overtly supportive; the text messages did not
deal with the decision to terminate, or say thingsthat specifically
indicated support. Rather, they focused on the practical aspects
of medical abortion, and sought to reassure about what physical
experiences are normal. Feeling supported could have arisen
from the content and scheduling of the text messages matching
the women’s experiences and so they felt understood. The
feature of text messages being a push technol ogy wasimportant
for scheduling: Push means that the recipient does not have to
do anything to receive the messages; they arrive on the phone
without the recipient having to take an action other than
consenting to receive the text messages. The push nature of text
messages meant that we could time receipt of information
according to the expected process of a medical abortion and
deliver the messages in a medium that made it more likely that
they would be read on or close to receipt.

http://mhealth.jmir.org/2014/1/e5/
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Gurman [15] has indicated that timing of text messages is an
area needing research; this study has indicated that morning
and early evening were acceptable to the large majority (text
messages were sent around 9 am and 6 pm). Given that a few
participants raised timing-related privacy concerns (eg, receipt
of text messages at work), it would be ideal to allow recipients
to choose the time of receipt of text messages.

In terms of language choice for the text messages, a strong
preference for English was indicated in the NCA. This was
borne out in the RCT, even though 2 of the 4 study sites were
inapredominantly X hosa-speaking area. This preference among
non-first language speakers for English textsistrue of many of
Cell-Life'sother (unpublished) instances of text messaging use
in health, although it is not always the case.

While most participants did not identify phone privacy as an
issue, the RCT showed that having received the text messages,
more participants had privacy concerns than had indicated this
at signup. Thisisnot surprising because receipt of text messages
during abortion would have been unfamiliar to the participants.
We suggest that similar interventions should consider two ways
of mitigating privacy concerns. The first is showing potential
recipients examples of text messages they will receive that may
lead to privacy problems, to help them decide if they are
comfortable receiving such text messages. Second, a way of
allowing recipientsto stop the text messages should be provided
and recipients should be periodically reminded of this during
the time that they receive the text messages.

There was high, successful use of the SA questionnaire, and
most women completed their self-assessment in good time for
them to take action on the result, if they needed to. This shows
promise for other medical procedures where self-assessment
via mobile by patients could relieve burden on them or health
care providers. Women may have been motivated to complete
the SA because they were aware that they were part of a study,
although the fact that they followed standard-of-care (which
includes afollow-up appointment to assess abortion compl etion)
may have demotivated some of them. The airtime sent to women
before they were asked to complete the SA should not have
acted as an incentive to do it, because participants received the
airtime whether they attempted the SA or not.

The fact that many more women thought they had finished the
SA than actually had indicatesthat such asystem should include
a mechanism to feed back to the user whether they have
completed the assessment.

Comparison With Prior Work

This study’s findings on using text messages to drive SA use
isin keeping with other studiesthat have shown that SMSs can
be an effective spur to action in a health care context, such as
getting women to perform breast self-examination [20] or take
an HIV test [21].

Potential Reuse of the M obile I nterventions

The text messages used in this study can be used by medical
abortion providers in other locations, although a localization
process would be recommended (testing of text messages, and
adaptation of content for local conditions). The SA questionnaire
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could be used in different settings, although the questionnaire
was not satisfactory in detecting ongoing pregnancy (these
results will be reported elsewhere). The family planning
information isavailable at [19]. The study protocol, instruments,
SM Stext messages, presentations, and other mediaare available
at [22].

Conclusions

To explore the use of mobile phones to simplify medical
abortion provision, a study was done in South Africato assess
the feasibility and efficacy of text messages to coach women
through medical abortion, a questionnaire assessing medical
abortion completion via mobile phone, and family planning

de Tolly & Constant

process of developing these mobile interventions, and showed
theimportance of assessing the context and piloting. It reported
on findings of the study related to mobile phone use in this
context. Text messages provided a good medium for timed,
push information that guided and supported women through
medical abortion. Women were able to complete a
self-assessment questionnaire viamobile phoneif given ashort
training session. Phone privacy was not as much of an issue as
wethought it might be, although it concerned more women after
they had received the intervention, than indicated that it would
beanissueat baseline. It is hoped that this study may contribute
to the successful expansion of medical abortion provision aided
by atechnology that isincreasingly ubiquitous—mobile phones.

information provided via mobile. This paper described the
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Abstract

Personal health records (PHRS), in contrast to electronic health records (EHRS) or electronic medical records (EMRS), are health
records in which data are accessible to patients and not just providers. In recent years, many systems have enabled PHRs to be
avalable in a mobile format. Mobile PHRs (mPHRs) allow patients to access health information via the Internet or
telecommunication devices, such as mobile phones, personal digital assistants, and tablet computers. mPHRS have the potential
to help patients and providers identify medical conditions and prescriptions from numerous locations, which may minimize
medical errors and identify improvements to health behaviors during emergencies, when patients present to a new provider, or
EHRs are not accessible. Despite their benefits, numerous challenges inhibit the adoption and further development of mPHRs,
including integration into overall health technology infrastructure and legal and security concerns. This paper identifies the
benefits of mMPHRs during emergencies and the remai ning challengesimpeding full adoption and use, and provides recommendations

to federal agenciesto enhance support and use of mPHRSs.

(JMIR Mhealth Uhealth 2014;2(1):€8) doi:10.2196/mheslth.3017
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Introduction

The use of electronic records has been widely recognized asan
efficient way to improvethe provision of health care and enable
health care providers to access and share patient information.
Health care providers may document apatient’s medical history
in a number of ways. Electronic medical records (EMRS), for
instance, are digital copies of patient charts commonly used in
physicians’ offices to record patient data [1]. Electronic health
records (EHRS) are more comprehensive in scope, including
information from all the clinicians involved in a patient's
treatment, such asimmunizations, family medical histories, and
previous providers[1]. Primary care physicians may even share
EHRs with other health care professionals and institutions,
including specialists, laboratories, and nursing homes[1]. The
information documented in EHRs is also found in personal
health records (PHRs). However, unlike EHRs, which are only
accessibly to clinicians, patients can use PHRs to manage and

http://mhealth.jmir.org/2014/1/e8/

update their own medical information [1]. PHRS can therefore
empower individual sto improvetheir health statusand improve
clinical outcomes, as they are able to better monitor health
conditions and more effectively communicate with health care
providers. Patients typically use PHRs in one of three formats:
aprovider-maintained digital summary of clinical information
accessible to patients; a patient-owned software program that
allows users to view and update their own health information;
or portable, interoperable digital files with which patients can
manage and transfer information [2]. PHRs in maobile format
(mPHRs) fall into the third category and allow patientsto access
health information via the Internet or telecommunication
devices, such as cellular phones (specifically, smartphones, or
cellular phones that includes an operating system capable of
running general-purpose applications and performing many of
the functions of a computer), persona digital assistants, and
tablet computers. Theincreasing use of mMPHRs among patients
reflects abroader trend in health care digitization: the growing
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popularity and utility of mobile medical applications [3]. Such
applications operate on the aforementioned maobile devices,
which have rapidly evolved into ubiquitous tools for sharing
information and communicating with others. Mobile devices
also possess the potentia to withstand certain types of
infrastructural failures during disasters. As such, they may be
uniquely qualified to play important rolesin responding to public
health emergencies (PHES).

To date, studiesindicate that PHRs and their mobile counterparts
have served patients well in their interactions with health care
professionals, but these studies focus primarily on the
applications of PHRs during non-emergencies[4-8]. Similarly,
consumersand health care practitionersthusfar have used PHRs
largely in nonemergency settings. However, the incidence of
PHEs—specifically, natural disasters—isincreasing worldwide
[9]. Correspondingly, the number of individualswho areinjured
or displaced by such events is aso likely to rise, thereby
generating major logistical challenges for health care delivery
in post-disaster settings. In such situations, reliable sources of
clinical information are invaluable to patients who cannot
communicate or receive treatment from caregivers who are
unfamiliar with their medical histories. Given the challenges
associated with communicating during disasters, we suggest
that integrating PHRs and mPHRs into emergency response
plans could help ensure quality health care delivery if or when
existing methods of information sharing (eg, paper- and/or
computer-based records) fail. However, severa critical
challenges must first be addressed.

To support the analysisin this article, we conducted aliterature
review using the research databases PubM ed and SCOPUS. We
then identified scientific studies and peer-reviewed literature
that address PHRs and their use in emergency and
nonemergency settings, aswell aslegal and regulatory concerns
relating to their use. We also reviewed literature from federal
agencies, particularly the Department of Health and Human
Services (HHS), regarding health information technology (HIT)
and EHRs, and the potential integration of PHRs into these
processes.

In this paper, we first provide an overview of state of the art
research regarding PHRs and their various applications. Based
on state of the art research and secondary sources (eg, reports
from federal and private entities), we next consider the entities
involved in mobile health innovation in the United States. Third,
we explore the applications of mPHRs, along with their
associated strengths and shortcomings, as well asthe legal and
regulatory frameworks for HIT in the United States. Finally,
we conclude with policy recommendations to clarify the roles
of PHR technologies in emergency response and improve
post-emergency health care delivery.

PHR Applications

Overview

In recent years, scientific studies have documented the role of
PHRs in improving self-care practices among patients and
transforming health care delivery [10]. Studies have looked at
the various formats of PHRs, including Web-based and
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mobile-based applications, as well as the use of PHRs among
specific populations, such as patients with chronic health issues
and children. Moreover, the growth of self-management tools
for remote monitoring, particularly those available in Web and
mobile application formats, contributes to the increased use of
PHRs and mPHRs among consumers. Similarly, providers
perceptions that PHRs are useful self-monitoring and
information-sharing tools can permit PHRs to play a key role
in ensuring continuity of care [11-14)].

Several studies indicate that PHR tools can improve clinical
outcomes. For example, PHR use has been associated with
improved self-monitoring and positive clinical outcomes for
hypertension [15], adherence to immunizations and other
practices supporting child wellness [16], and management of
medications such as medication review and hypertension
monitoring tools [17]. However, studies also indicate that the
benefits of PHRs in improving clinical outcomes can be
correlated with age, because younger patients are more likely
to use PHRs frequently. Ethnic and racial minorities have also
been reported to adopt PHRs less frequently than whites do,
and patients from lower income groups are less likely to use
PHRs as compared to those with higher incomes[18]. Previous
studies have also addressed barriers and concerns to the use of
PHRs and, more generally, personal health information. Such
concerns include access to safeguarding patient privacy [19]
and emergency access to patient-controlled online health data
[20].

While the various uses of PHRs and factors influencing their
development have been well documented in the scientific
literature, there is limited literature assessing the unique role
and challenges of mPHRs or the role of PHRs and mPHRs
during emergencies. Furthermore, there are no documented uses
of PHR technologies during disasters. Still, the positiveclinical
outcomes achieved through PHR use may be replicated in
emergencies with the appropriate infrastructures and policies
in place. Below, we explore the current state of PHR
development, use, and regulation in the United States,
highlighting areas requiring further attention.

Key Players

Overview

Several entities are involved in the collection, storage, and
dissemination of personal heath information. Of these,
consumers, technology devel opers, health insurance companies,
and federal agencies play particularly important roles. ASHIT
comes to play a greater role in emergency response and
recovery, it is imperative that policies address the needs of
stakehol ders from each of these groups, particularly in matters
of patient care. Thisis especially important, given the need for
more information on the ways emerging technologies might
address the unmet needs of special populations (eg, children,
the homeless, disabled individuals, non-English speakers, etc).
Below, we identify the various impacts that these groups have
had on PHR and mPHR development and use, and remaining
concerns to be addressed.
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Consumers

A 2012 study from the Pew Research Center concluded that
85% of US adults own a cell phone, 53% of whom own
smartphones[21]. Approximately one-third of cell phone owners
(31%) have used their phones to look for health information,
whichisal7% increasefrom anational-level comparable survey
conducted in 2010 [21].The study also indicated that 52% of
smartphone owners gather health information on their phones,
compared to only 6% of non-smartphone owners [21]. Cell
phone owners who identify themselves as Latino, African
American, between the ages of 18 and 49 years, or hold acollege
degree are also more likely to gather health information using
their cell phone [21]. Furthermore, approximately one-fifth of
smartphone owners (19%) have at least one health application
on their phone. Marketing forecasts indicate that by 2017, half
of the world's 3.4 billion smartphone or tablet users will use
mobile health apps[22]. Asthe use of mobile health applications
continue to grow, particularly among specific demographic
groups, many entities should consider how mPHRs could be
developed to support emergency and post-disaster care, in
addition to routine health management.

Consumers, health insurance companies, and mobile application
developers have al generated support for PHRs, abeit
inconsistently. A 2011 survey of 1200 respondents conducted
by IDC Headlth Insights reveal ed that 7% (84) of consumers had
created online PHRs, but fewer than half continued using them
[23]. However, other providers report significantly higher rates
of customer retention and PHR usage. In 2011, for example,
Kaiser Permanente’s PHR service, My Health Manager, saw
74 million logins, 10 million prescription refills, and 29.7
million lab results viewed, indicating frequent patient-provider
interactions [24].

Similarly, certain populations—notably, disabled
individuals—have expressed interest in portable PHR solutions
such as smart cards or implantable microchips for medical
emergencies[5]. One survey of 302 individuals (categorized as
“well,” “unwell,” and “disabled”) reported that several
nondisabl ed respondents indicated they had thought about how
their information would be accessed in an emergency. However,
only disabled respondents described incidents where access to
personal medical datarose to the level of alife-or-death issue,
which is consistent with disabled individuals' overal higher
level of emergency department (ED) utilization [5].
Interestingly, health-related computer use (ie, searching for
medical information, communicating with providers, andfilling
prescriptions) among disabled populations is 19% higher than
that among nondisabled individuals, signifying apotential niche
for the expansion of PHR services [5]. Homeless individuals
represent another population that could benefit greatly from
increased PHR use. Recent research indicates that homeless
patients make considerable use of ED services and are
significantly morelikely to solicit information on chronic health
problems than patients with stable housing [25]. A study of
more than 5700 ED visitors revealed that 70.7% (176/249) of
homeless patients own cell phones (compared to 85.9% of
patients with stable housing) [25]. Furthermore, there was no
significant differencein thefrequency of new mediause between
these two groups [25].
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In light of the failure of now-defunct PHR services such as
Google Health and Revolution Health, it follows that successful
consumer technologies arethosethat “inform or entertain users,
or enable social communication” [23]. Other groups—notably,
Microsoft, Kaiser Permanente, and WebMD—have enjoyed
greater popularity among consumers by partnering with
insurance companies and other health care providers, astrategy
that is successful because it integrates new technologies into
existing platforms and business models [23]. Similarly, in a
2008 study conducted by User Centric in which subjects were
asked to build their own PHRs, the mgjority of participantswere
interested in maintaining them after the study [26]. The move
toward digitization, combined with growing numbers of
smartphone and social media users, empowers consumers to
more proactively monitor their health. As technologies that
facilitate this shift, mPHRs could evolveinto important elements
of today’s HIT infrastructure.

PHR Developers

Despite their status as emerging technologies, PHRs—both
mobile and Web-based—already come in many varieties and
address numerous medical conditions. Because they enable
patients to track their health conditions outside of a medical
facility, PHRs and mPHRs boast a variety of applications in
chronic and noncommuni cabl e disease management, particularly
for ailments like diabetes mellitus, heart disease, cancer, and
mental illness[8]. For example, BodyKom, amobile application
for cell phones, enables nonhospitalized cardiac patientsto track
and share their vital signswith physiciansviatheir cell phones
[27]. Dexcom has also developed a biosensor that monitors
blood sugar levels, transmits data to patients’ mobile devices,
and automatically updates their mPHRs as well as their
providers EHRs [8]. Severa menta health applications (eg,
Mobile Therapy and CBT MobilWork) function as ad-hoc
therapy tools, enabling patients to record symptoms between
clinician visits and providing mental health professionals with
a plethora of information on their patients health statuses
outside of medical settings [7]. Given the increasing use of
EMRs and EHRSs, electronic PHRs and mPHRs in particular
represent an important development in HIT.

I nsurance Companies

Given that insurance claims are an important source of medical
information, health insurance providers represent another major
stakeholder in the expansion of PHR services. Medica
practitioners have also shown support for PHRs, particularly in
situations involving patient transfer between caregivers [28].
A 2009 national survey revealsthat 42% of doctors—especially
those practicing in rural areas—are willing to start using
electronic PHRs [29]. Companies like Blue Cross and Blue
Shield, Aetna, and United Healthcare all offer PHR tools to
their clientele; of these, Aetha also offers a mobile option for
accessing personal health information.

During the aftermath of Hurricanes Katrina and Rita, medical
professionals faced a major health care delivery challenge:
obtaining accurate medical histories for the 7500-plus
individuals who wereill, injured, or seeking consultation [30].
In response, Blue Cross and Blue Shield, which reported that
over 300,000 customersand providerslost their medical records,
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began offering claims-based health histories to evacuees
receiving medical treatment from new caregivers[31]. Hurricane
Katrina also prompted the Markle Foundation to implement a
different solution to the problem of health care delivery: an
online portal called KatrinaHealth, where patients, pharmacists,
and doctors could easily access prescription and dosage records
in the wake of the storm [32]. System users reported that ready
access to this information helped evacuees renew their
medications and assisted health care professionals in
coordinating care and avoiding prescription errors [33]. The
Markle Foundation further reported that el ectronic PHRs could
one day eliminate the logistical barriers associated with
maintaining decentralized sets of patient records, but “are not
yet aviable solution in disasters...because too few people have
them and they exist on multiple platforms that may not be
compatible with one another” [32]. Furthermore, because
authorities have granted little attention to the management of
personal medical information in emergencies, concerns over
privacy and security continue to dissuade American consumers
from using PHRs [32].

Federal Agencies

Despite support from consumers, insurance companies, and
health care professionals, the federal government has offered
relatively little guidance and made limited progress in
integrating PHRs into the nation’s existing HIT infrastructure.
However, a select few federal agencies, such asthe Centersfor
Medicare & Medicaid Services, have recognized the potential
of PHRs and support their use to improve patient-provider
communication [34]. HHS has aso released a privacy notice
for PHRs supporting “individuals' use of PHRs asamechanism
to facilitate accessto, and control over, their health information”
[35]. The Centersfor Disease Control & Prevention (CDC) have
supported HHS work on PHRs, calling for further research on
confidentiality, security, interoperability, regulation, and
evaluation [6]. The US Food and Drug Administration (FDA),
meanwhile, which maintains regulatory responsibility for
medical devices, has formulated policies pertaining to certain
mobile health applications. These policies, however, do not
extend explicitly to EHR or PHR applications[36]. In September
2013, the FDA released a guidance document stating that it
would exercise “enforcement discretion for mobile apps that
enable patients or providers to interact with Personal Health
Record or Electronic Health Record systems’ [37]. The
document goes on to specify that in addressing these
applications, the FDA will not enforce the mandates established
by the Food, Drug, and Cosmetic Act [37].

Considering therolesthat PHRs (including mPHRS) might play
during PHEs, increased involvement from consumers, insurance
companies, clinicians, and federd entitiesis necessary. Engaging
other stakehol ders—emergency responders, medical volunteers,
and public health laboratories, for instance—is also critical to
the successful integration of PHRS into emergency response
efforts.
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Benefits

Examples

Just as the shift from paper-based records to EHRS provides
numerous benefits to providers and patients, MPHRs can also
capitalize on the benefits of digital records. In fact, mPHRs
arguably provide more benefits to patients than EHRSs, as
increasing and widespread Internet access and mobile device
use alow patients to access their records from anywhere with
an Internet connection. PHESs typically present emergency
responders with immense logistical challenges with respect to
exchanging information in a timely and accurate manner,
particularly in health care settings[38]. I n such situations, when
the displacement of an affected community can impede access
to routine providers, alternate modes of communication are
necessary to ensure continuity of care. PHRs—and mPHRsin
particular—may present a viable solution to this recurring
problem. Although mobile-based information exchange systems
themselves are not immuneto failure, they neverthel ess present
patients and clinicianswith afeasible backup strategy for sharing
critical medical information. In fact, many hedth care
practitioners who treated patients following Hurricane Katrina
supported the use of standardized, interoperable, electronic
PHRs as a means of enhancing emergency patient care [39].

Proven Benefits

mMPHRs Allow Health Care Providersto Better Share
Information With Patients

mMPHRSs give providers a mechanism to share information with
patients, including clinical summaries, diagnoses, educational
resources, and appointment reminders. They also enable patients
to refill prescriptions, access lab results, track immunizations,
and schedule appointments. Some of these features (eg,
prescription refills) exist in applications developed by major
retail outlets such as Walgreens and CV'S, but do not comprise
a holistic health record. However, other mobile services (eg,
Group Health, Castlight Mobile, MyChart, myCigna, Coventry
Mobile, MHBPSM Mobile, Evita Personal Health Record, and
Capzule PHR) do serve asholistic records of health information.
Still other applications—such as Health4Me and IBX—even
enable patients to view their insurance claims, track health
spending, and search for local health care professionals. As
indicated in one study, the functions of PHRs have the potential
to create a more comprehensive and balanced view of the
patient, because patients control and manage the information
in the record. Health care providers can therefore view records,
as documented by patients, directly [11].

PHRs thus allow patients to reference pertinent medical
information at any time and share such information with other
providers, even during ED visits and other unscheduled visits.
This feature of PHRs also facilitates continuity of care if a
patient receives treatment from a new provider. The clinician
in this case would have access to a thorough record of the
patient’s existing medical conditions, including previous medical
tests, procedures, prescriptions, and conditions. Such
information, in turn, would prevent duplication of tests and
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treatments and minimizerisk of administering medicationsthat
can complicate conditions or allergies.

There are several mPHRsthat serve many of the aforementioned
functions; some are even specially customized for emergencies.
Microsoft HealthVault, for example, enables users to create
medical records specifically for unexpected hospital visits or
toinform first responders. Another application, Gazelle, allows
smartphone users to receive and share lab results. Similarly, a
Web-based PHR service called Synchart stores patients' health
information and can grant clinicians emergency access to said
information during a crisis.

Potential Benefits

mPHRs Provide Patient Medical Histories at the Point
of Care

mPHRs, which may improve provision of care during PHES,
give health care providers instant access to a patient’s medical
history and recent medical eventsthat can be beneficia in both
emergency and nonemergency situations. However, PHES,
which may encompass events as diverse as infectious disease
outbreaks, natural disasters, or manmade catastrophes, present
logistical barriers that impede health care delivery and timely
accessto critical medical information. During PHES, when many
patients are displaced or health care facilities lose abilities to
access EHRs, mPHRs may be one of the only ways of providing
accurate, recent medical information. Patientswill likely present
to makeshift medical facilities or those with limited operational
capabilities, receive care from an unknown provider, or be
unable to communicate their medical histories.

When patients are unable to seek care from their primary care
physician or a facility with access to their medical history,
mPHRs can help providers determine essential information,
such asmedical conditionsand drug allergies, needed to inform
treatment options and better coordinate and direct care. Such
information could be useful when health systems are strained
and facilities may lack adequate numbers of staff. mMPHRs can
inform providers of important health information that can
ultimately reduce medical error and improve triage. MPHRS
may also particularly benefit specific populations during PHES,
including nonresponsive patients who cannot communicate with
providers, those who seek care at an aternative care site,
vulnerable and specia populations, and children and young
adults. For vulnerable and specia populations, such as
non-English-speaking persons, those belonging to ethnic
minority groups, mentally unstable patients, and those who are
deaf or blind, mMPHRs may be the only communication method
between patient and provider. Smartphone ownership and
broadband | nternet access among many of these populationsis
increasing. Nationally, between 2000 and 2011, rates of Internet
accessincreased among Hispanic, Black, and Asian households
by 34.7%, 33.3%, and 26.5%, respectively [40]. Similarly, as
of 2013, 51.6% of Asians report owning a smartphone, along
with 48% of African Americans and 45.4% of Hispanics[40].
Among Latino Internet users, 28% are predominantly Spanish
speakers, suggesting that a Web-based PHR platform may be
an effective way of reaching this target minority group [41].
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Pediatric populations can also present unique challenges to
providing health care in emergency settings, particularly when
children either do not have or are separated from parents and
guardians. In California, for example, there are more than 56,000
children in foster care, many of whom face barriers to health
care access despite greater needs (50% of foster care children
suffer from at least 1 chronic condition, while 25% suffer from
3or more) [42]. These patterns also hold nationally, where 90%
of children entering foster care have physical health problems
and another 55% suffer from 2 or more chronic conditions; these
individuals also make more frequent use of costly medical
services such asgroup care, inpatient psychiatric trestment, and
ED services[42]. mPHRs will likely benefit clinicians serving
this particular population, given the increasing use of
smartphones among teenagers and young children. In March
2013, anational survey estimated that 37% of American teens
(ages 12-17 years) own asmartphone, signifying another major
niche for PHR expansion [43]. Select groups, such as the
Children’s Partnership, have acknowledged that effective and
accessible PHRs, when linked to a broader health information
exchange system, could significantly increase the availability
of accurate and timely information for young adults, especially
those without guardians [44]. PHRs have the potentia to
facilitate better communication among providers, families,
caseworkers, and others making care decisions on behalf of
young people. Furthermore, PHRS also provide a mechanism
for young people to become responsiblefor decisionsregarding
their own care and build self-sufficiency, particularly for those
who lack access to regular medical care. Studies also indicate
that PHRs also encourage parents to play more proactive roles
in seeking out preventive medical care for their children; for
example, parental PHR useislinked toimproved immunization
adherence [16].

In addition to mitigating the challenges associated with caring
for pediatric populations, mPHRs may also be one of the only
ways to quickly obtain patient information when medical
facilities are struck by disaster and can no longer provide
optimal care. Asnoted in one study, the value of PHRs " extends
to contingency preparedness in all categories of events, from
natural disasters to terrorist attacks, and infectious disease
pandemicssuch asavianflu” [11]. Ashealth carefacilitiesmove
toward EHRs astheir primary medical record systems, they rely
more heavily on basic operational capabilities, such aselectricity
and functional emergency generators, to access the records
stored on afacility’s server. When these assets fail, the quality
of patient care, in turn, deteriorates. During Hurricane Sandy,
for example, power outages and computer failures forced New
York University Hospital to evacuate more than 200 patients
(including critically ill infants) and transfer them to neighboring
facilities[45]. Recordkeeping challenges often accompany such
major transitions of care. Employeesat Staten Island University
Hospital, for instance, resorted to using paper records to track
evacuated patients during Hurricanes Sandy and Irene, astrategy
that proved inefficient and burdensome [46]. In such situations,
mPHRs could assist health care providers in accessing patient
information in atimely manner, thereby enabling them to make
informed decisions and diagnosesthat can reduce medical error
and relay critical information for new patients. Furthermore,
many cloud computing data centers often retain redundant power
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supplies, Internet connections, and hardware to ensure that
consumers can still accesstheir dataeven in the event of a power
outage [47]. Providing more accurate and faster diagnoses is
imperative when triaging patients and coordinating care during
events that overwhelm health care facilities.

PHRs Have the Potential to Advance Telehealth

Telehealth, the delivery of health care via telecommunication
technology, relies on methods such as red-time
videoconferencing to facilitate teletriage and medical care in
emergency scenarios. Telehealth strategies—videoconferencing,
the use of smartphones and wireless networks, and email, for
example—have aready proven to be effective at sharing
information between cliniciansand medical facilities[48]. Select
PHRs aso enable information exchange between qualified
clinicians, and can integrate transmission and virtual imaging
capabilities. Thus, they offer a platform for “virtual visits,”
allowing office-based health care providers and home-based
health care workers or patients to coordinate patient
management. Even basic patient information, such as blood
pressure readings, temperature, glucose levels, and other medical
notes, can be transmitted from home providers to physicians
via a PHR. These functionalities enable physicians to obtain
patient histories remotely and instruct home providers of
necessary changes to the patient’s care regimen, which can be
a key step toward building home teleheath capahilities.
Integrating PHRs into a broader telehealth infrastructure could
thus enhance emergency health care delivery by mitigating
patient surges at health care facilities.

Challenges

Overview

Despite the potential benefits of integrating mPHRs into
mainstream medical practice and disaster response efforts, some
critical challenges remain. Because there are no documented
cases of PHR usagein disaster responsg, it isdifficult to identify
the specific challenges associated with PHR implementation
during PHESs, although several studies have explored the shifts
in standards of care during disasters[48-51]. Furthermore, PHRs
have yet to be widely adopted even in routine medical practice,
suggesting that the barriers impeding increased use must be
resolved first. These barriers, along with recurring,
well-documented  communication  challenges  during
emergencies, are outlined below.

The United States L acks a Unified | nfrastructure for
Managing and Verifying the Integrity of Data Stored
in PHRs

The ability to access accurate medical information is essential
to the success of disaster response activities. However, the loss
of critical infrastructure and personnel during PHES impedes
data collection. PHRs certainly present aviable solution to this
problem, but require solid software platforms to function
effectively. Most available PHRs and mPHRs currently operate
on different, noninteroperabl e platforms, and thereby complicate
efforts to gather pertinent medical information. Many PHR
systems are integrated with a specific EHR system so, if EHR
systems are not interoperable with each other, providers can be
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limited as to what content they can view. Furthermore, if PHR
systems are stand-alone, and not integrated to a larger EHR
system, users must manually enter information. Without the
ability to exchange datawith other systems, PHRswill devolve
into “information islands’ that remain divorced from other
repositories of patient information, and provide limited value
to health care professionals[52]. Such alack of interoperability
between EHR and PHR systems impedes information flow,
which could be vital during emergencies. Standardization is
also critical to the successful integration of PHRs into the
nation’s HIT system.

Data integrity poses another critical challenge to clinicians
relying on PHRsto access medical histories. Depending on the
PHR servicein question, clinicians may lack the ability to verify
the accuracy of patient-entered data. Whereas PHRS provide
useful patient information, consistent standards are needed to
verify data integrity. For example, enabling consumer access,
identifying who is entering the data, determining authenticity
of data entered, and detailing how information flows from one
PHR system to another or to an EHR system are necessary,
minimum requirements to ensure overall interoperability of
PHR systems.

Furthermore, in the event of emergencies, when electronic
systems may fail or be vulnerable to externa threats, EHR
systems must be able to prevent unexpected loss of protected
health information. If PHR systemsbecomeintegrated into EHR
systems, then PHR systems must also be able to manage
potential threats. PHRs can provide necessary patient
information when EHRs are unavailable, whether dueto system
hacking or power failures. PHRs are therefore the most viable
“back up” option to provideindividual patient information when
original health records are destroyed or unavailable.

CostsAssociated With Maintaining PHRsAreUnclear
and May Present a Significant Barrier to Medical
Institutions

Although consumers have expressed interest in adopting PHRs
to manage their health information, it remains unclear whether
the cost of PHRs would dissuade potential users. Many PHRs
are free, although select smartphone applications charge a
nominal download fee. However, medical institutions seeking
to establish PHR systems may face significantly higher costs.
For example, one study considered the costs associated with
developing an mPHR application, building the software
infrastructure to run the application, and handling user activity.
Their PHR model, which accounts for numerous costs during
application devel opment and authentication, including personnel
costs, data centers, user support, and record matching services,
generated costs of $450,000 [53]. Such expenses may be beyond
the means of certain medical institutionsaiming to providetheir
patients with cohesive, interoperable PHR platforms. In a
different study, authors note that “ many of the putative financial
benefits of PHRs only occur when PHRs are tightly integrated
with EHRs, so that seed funding of PHRs in practices that
operate an EHR might advance PHR adoption to the ‘tipping
point’” [52]. Similarly, another study points out that having “a
common language with patients and readily available health
information allows health care providers the potential to not
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only savelives, but to reduce the impact of the financial burden
on our health care system” [54].

Patient-M anaged Health Recor ds Present Consumers
and Policymakers With Several Legal, Regulatory,
and Privacy Challenges

As exemplified by the transition to EHRs, the hedth care
industry in the United States is becoming increasingly reliant
on technology. Consumers, too, areamajor driving force behind
the growing market for digital health care solutions. Despite
these trends, however, legal and regulatory frameworks for
governing mobile health care applications (as opposed to PHRs
in non-mobile formats) remain conspicuously absent [6,35].
Given the continued expansion of mobile health, the current
lack of regulation could impede health care delivery effortsin
post-emergency settings. Previous PHR systems have
encountered privacy and legal concerns, but the adaptation of
PHRsinto amobileformat, much like the adaptation of hospital
records to EHRs, take on a new dimension of challenges
regarding who can access and manipulate the data. PHES,
however, even those that complicate efforts to deliver timely,
effective medical care, do not preclude the need for robust legal
frameworks to protect patients. Resolving the challenges
associated with maintaining protective legal standards would
ensure patients' privacy and safety even during PHEs. So far,
legal and regulatory frameworks have generally failed to meet
the challenges emerging from new developments and
applications of consumer-operated, digital health care
technol ogies. Three specific areas of concern include ownership
and control of informationinaPHR, third party use of consumer
data for secondary purposes, and the application of existing
lawsto PHR systems.

PHRs vary in the way that consumers “own” their health
information and, consequently, privacy and legal concernsvary
according to the system’s design. Select PHRs give consumers
access to their health information while others provide them
exclusive access. Because of this difference in accessibility,
insurance companies, health care providers, and others who
administer PHRs must clarify the differences between legal
control and ownership of the medical record. Moreover, relevant
stakeholders must clarify how a consumer’s ownership and
control over their own PHR and relevant persona health
information differs from a provider or institution’s ownership
and control over that samerecord. Such clarifications are needed
toidentify accountability for potential liabilities, rightsto access,
and obligations to act on data inputted into the PHR.

In addition to concerns surrounding control and ownership of
PHR systems, privacy concerns also exist surrounding the use
of third party vendorsthat may store or minedatafor alternative
uses. Several insurance companies and health care institutions
may consider using, or aready use third party systems for
consumer data. However, it is unclear how these vendors use
the consumer data in these systems. As PHR systems are
designed and revised, consumers should be given the option to
maketheir personal health information accessibleto third party
vendors for secondary uses.
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Roadblocksto the I ntegration of Personal Health
Records and Electronic Health Records

PHRs alow iterative communication between patients and
providers, and theintegration of PHRs and EHRswould permit
exporting data among information systems. An underlying
challenge is that PHRs alone do not have universal standards
and there is no standardized way to design and maintain PHRs
[55]. Even if such challenges were resolved, and despite the
potential benefits of integrating PHRsand EHRs, several factors
would still inhibit their integration. First, it remains unclear how
health system roles and responsibilities will change if systems
are integrated. For example, concerns about liability risk and
adverse effects for providers, such as increased workload and
inadequate reimbursement, remain unresolved. Second, there
is an absence of standards to inform the process by which
systems should be integrated. Furthermore, it isunclear if there
are limitations to the current HIT infrastructure that would
present technical challenges to integration. Third, related to
limitations of current infrastructure, concerns about privacy,
security, the use of information by third parties, and lack of
oversight impede integration [10,56].

Recommendations

Overview

Although the majority of PHR development in the United States
takes place in the private sector, we maintain that the federal
government is best suited to design, implement, and regulate
PHR use during PHES, given its involvement in emergency
preparedness and response efforts at the national, state, regional,
and local levels. The federal government also oversees health
care delivery and innovation in HIT and is therefore well
positioned to implement the appropriate standards for PHR
standardization and interoperability. The following
recommendations outline initial stepsthat federal agencies can
take to integrate PHRs into the nation’s emergency response
strategies and overall HIT infrastructure.

M eaningful Use

Congress should identify meaningful use criteriato govern the
use of mPHRs and allow eligible providers to earn incentive
payments, modeled on the standards set for EHRs. Legidation
that calls for the establishment of meaningful use criteria for
mPHRs would encourage widespread adoption and use of
mPHRs during emergency and nonemergency settings. Just as
the American Recovery and Reinvestment Act of 2009
authorized incentivized payments for providers to encourage
adoption and use of EHRs, such legislation could authorize
incentive payments to providers that meet criteria for the use
of mPHRs. Similarly, HHS Hospital Preparedness Program
could help fund efforts to explore the role of public health
records in augmenting surge responses during PHES. Such
criteria and incentives could help standardize how providers
use mPHRs and direct relevant federal agencies to address
challengesto their use.

Proposed legislation should specifically highlight the potential
uses of mPHRs during emergencies. While many private
companies develop and monitor mPHRs, establishing criteria
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for how providers and health care systems use and access these
records can maximize the benefits of mPHRs to clinical
outcomes.

Integration Into Mainstream Health Care

Relevant federal entities, such as the Office of the National
Coordinator for Health Information Technology (ONC), FDA,
and HHS, should identify how to integrate PHRs and mobile
portals into mainstream health care, especialy for use during
emergencies. Several challenges impede information flow
among systems, such as difficulty integrating systems and
monitoring how data from PHRs fit into EHRs. Aside from
interoperability challenges, clear guidance may be needed to
identify how and when health care providers should use data
from mPHRswith routine clinical work. For example, it remains
unclear if providers should receive payment for viewing data
from mPHRs, if payment should be contingent on the situation
inwhichan mPHR isused (ie, emergency versus nonemergency
setting), and if providers will be held liable for actions
determined according to the information in a PHR.

ONC and the Centers for Medicare & Medicaid Services have
jointly developed meaningful use criteria for EHRs. These
criteria would require EHRSs to accept patient-generated data,
which may include biometric data, blood pressure, information
on chronic conditions and treatment, and other information in
apatient'smedical history. For example, the Health Information
Technology for Economic and Clinical Health Act of 2009
includes language describing meaningful use with respect to
EHR technology, but lacks provisions for information exchange
viamobile media[57]. Federal agenciesinvolved in determining
meaningful use criteria should clearly identify how
patient-generated data should be used in broader HIT systems,
to addressissues of interoperability of systemsand liability for
providers.

Finally, the Hospital Preparedness Program, managed by the
Assistant Secretary for Preparedness and Response, is charged
with enhancing “hospital and health care system planning and
response at the state, local, and territorial levels” facilitating
“the integration of public and private sector medical planning
and assets to increase the preparedness, response, and surge
capacity of hospitals and other hedth care facilities” and
improving “state, local, and territorial infrastructures that help
hospitals and health care systems prepare for public health
emergencies’ [58]. Thus, exploring new modes of emergency
communication and implementing crisis standards for
information exchange certainly fall under the purview of HHS.
HHS should therefore encourage health care providers, both
private and public, to expand disaster response planning to
integrate new communications technologies, including PHRs.

Governance and L egidation

A federal agency, such asthe ONC, should assume aregulatory
role and establish a legal framework for mPHRs and related
efforts. Many federa efforts have recognized the growth of the
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mobile health sector and identified the need for strategic
leadership and guidance, yet critical gapsin existing legislation
and governance remain. The absence of a dedicated regulatory
body and legal framework for mobile health further exacerbates
the challenges associated with expanding mPHR use. Whilethe
FDA has expanded guidance to include mobile apps that
function as medical devices, guidance for managing patient
information in post-emergency settings remains virtually
nonexistent. Having these in place ensures that patients,
clinicians, mobile application developers, and insurers are
accountable for the management of mPHRs.

Protection of Privacy

The application of existing legal and privacy provisions should
be continuously addressed as mPHRs develop. Because PHRs
and mPHRs are emerging health information technol ogies, the
legal and privacy concerns regarding their use may change as
technologiesand their rolesin HIT moregenerally evolve. Select
PHRs, offered by health care providers and health plans, are
covered by the Health Insurance Portability and Accountability
Act of 1996 (HIPAA) Privacy Rule. In the event that HIPAA
appliesto aPHR or mPHR, the information within these records
is protected by the law. However, those systems that are not
offered by HIPAA covered entities must adhere to the privacy
policies and their respective vendors. A system that is not
covered by HIPAA may be covered by other applicable laws;
however, all PHR and mPHR system providers should identify
how health information is protected and communicate such
policies to consumers.

Marketplace Support

Congress should identify new waysto support HIT devel opment.
In 2012, Representative Mike Hondaintroduced the Healthcare
Innovation and Marketplace Technologies Act (HIMTA), aimed
at fostering further innovation and entrepreneurship in the HIT
sector. Congress should support thelegidation, and similar hills,
that calls on the FDA to establish a marketplace for new
technologies and advance training for health care workers to
handle their implementation and use [26,59]. HIMTA
specifically contains provisions for an FDA-run Office of
Wireless Health that will create and maintain the necessary
framework to regulate mobile health technologies, such as
mPHRs. The office would also offer legal support to mobile
developers, provide loans to physicians who adopt new
technologies, and create educational materials to elucidate
privacy guidelines [60]. Despite the potential benefits of
enacting HIMTA, the FDA maintains that its forthcoming
mobile medical application policieswould not apply to mobile
applications that perform the functions of an HER or PHR
system [61]. Congress should therefore encourage the FDA and
other relevant federal agenciesto identify their respectiveroles
in supporting the development of PHRs and similar forms of
HIT. Congress should also devel op crisis standards of operation
for technologies that facilitate health information exchange
during PHEs.
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Abstract

Background: Thereisagrowing recognition of the importance of lifestyle behavior change for health promotion and disease
prevention, as well as the concomitant influence of patient—physician communication on effective behavior change. Mobile
technology isincreasingly being recognized as an important and efficient tool to collect patients health behavior dataand facilitate
patient—physician communication.

Objective: The aim of this study was to assess the feasibility of an iPod touch-based health behavior assessment (HBA) tool
in enhancing patient—physician collaborative goal-setting for health promotion in primary care.

Methods: A total of 109 patientsfrom three primary care clinicsin central Texas completed abrief HBA, which was programmed
on an iPod touch device. An instant feedback report was generated for the patient and their physician simultaneously to facilitate
collaborative goal-setting. Within approximately 7 days of the HBA, the patients were phoned for a follow-up survey for their
feedback on the iPod touch—based HBA and resultant patient—physician communication.

Results: Patients were able to complete an HBA on the iPod touch with ease. Among those who completed the follow-up survey
(n=83), 30% (25/83) reported that their physicians discussed the HBA report with them, while 29% (24/83) established behavior
change goals with them. More than 90% (75/83) of the patients reported positive experiences with the iPod touch-based HBA.
Conclusions: It isfeasible to use mobile tools for HBA in the primary care setting. The HBA also facilitated patient—physician
communication on behavior change. However, more research is needed on the effectiveness of large scale dissemination of
mobile-based HBA technology on health communication and behavior change for preventing or managing lifestyle-related chronic
conditions, such as obesity, diabetes, cancer, or heart diseases.

(JMIR Mhealth Uhealth 2014;2(1):e14) doi:10.2196/mhealth.2927

KEYWORDS

iPod touch; behavior change; health behavior assessment; health promotion and disease prevention; patient-physician
communication; mobile health technology; mHealth

conditions, for instance cancer and other chronic diseases,
including diabetes, obesity, and heart diseases [1-3]. For
example, despite decades of smoking cessation messages, about
20% of US adults are still current smokers [4]. A large

Introduction

Unhealthy behaviors such as physical inactivity, smoking, and
unhealthy diets are major contributors to costly chronic health
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proportion of Americansalso exhibit other unhealthy behaviors
with less than one-half of adults meeting the US Center for
Disease Control’s 2008 physical activity guidelines and more
than two-thirds of adults (68.8%) being overweight or obese
(body mass index [BMI]>25) [5,6].

Planned health behavior changes are widely recognized as
among the most cost-effective interventions for achieving
positive health outcomes for prevention and control of chronic
diseases [7,8]. For example, one large multicenter trial, the
Diabetes Prevention Program, demonstrated that the cost per
quality-adjusted life-year was US $1100 for acombined physical
activity and nutrition intervention compared with US $31,000
for an intervention based on medication alone[9]. Additionally,
the benefits were maintained over an extended period of time
[9]. Research also suggests that cueing clinicians to discuss
recommendations for behavior change during medical
appointments improves physician adherence with health
behavior guidelines and clinical outcomes [10]. Once cued,
discussions about behavior change can be structured in ways
that are most likely to encourage change. For example, smoking
patients who were told by their doctors to quit smoking were
more likely to take action than their counterparts without
physicians’ recommendations[11]. Furthermore, counseling to
encourage behavior change may be most effective when the
content is individualized to the person for whom the change is
recommended [12].

While there are clearly health outcomes and care delivery
benefits associated with systematically collecting health
behavior dataand initiating pati ent-physician conversation about
behavior change, there are practical challenges. Many clinics
are understaffed and underresourced and struggle to meet all of
the current competing demands they face [13-15]. To meet the
growing demands for care, health care systems must maximize
the quality and quantity of time spent in patient-physician
encounters by integrating innovative technologiesto incorporate
patient preferences and perspectives, and working within the
context of patients' social networks, cultures, and communities
[16].

Interactive behavior change technology (IBCT) has been
recognized as a potential resource for improving the
effectiveness of health behavior change in health care systems
[17]. The past 2 decades have witnessed a rapid development
and adoption of mobile health technol ogiesin health promotion
and health care[18]. Asthe penetration of mobile technologies
(eg, iPod touch, smart phones, personal digital assistants) inthe
general population continue to deepen, mobile health technology
isincreasingly being used as an efficient tool for patient data
collection, transport, and storage [19-21]. Additionally, there
has been some initial international work in this emerging area
of computer-administered health assessments, notably by
Goodyear-Smith [22]. If well designed, the application of IBCTs
inthe primary care setting can be an effective approach to collect
health behavior data, facilitate clinician review of patient status,
and guide delivery of educational messages and behavioral
counseling [18,23,24]. However, there may be potential data
privacy issues as well as issues with the accuracy of data with
mHealth that must be taken into consideration.

http://mhealth.jmir.org/2014/1/e14/
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Therefore, the goa of the current study was to assess the
feasibility, including usability, acceptability, uptake, and
perceived value of using the iPod touch in a health behavior
assessment (HBA) in the primary care setting. The reason for
choosing theiPod touch wasits perceived ease of use, relatively
low cost, and adaptability with other mobile devices.

Methods

Study Design, Site, and Participants

We conducted a cross-sectional study with data collection at
two time periods of approximately 7-days apart in 2011. The
study setting was three conveniently selected primary care
clinics of alarge university-affiliated, multisite specialty health
care systemin central Texas. The participants were adult patients
who had scheduled aroutine office visit with their primary care
provider in the participating clinics. The criteriafor participation
included: (1) being at least 18- yearsold, (2) the ability to speak
and read English, (3) having scheduled an appointment for
nonurgent care, and (4) arriving at the clinics at least 15 minutes
before their scheduled appointments. The study protocol was
reviewed and approved by the Scott & White Healthcare
institutional review board with no written consent required from
subjects.

Data Collection Procedure

Our information technology specialists programmed the iPod
touch deviceto collect participants demographic, general health
status, and anthropometric data, along with dataon health beliefs
and involvement with their health, aswell as HBA drawn from
North Carolina Health Partners “Starting the Conversation”
Series[25] using an interactive, Web-based, touch-screen iPod
assessment and report system. A random survey number was
generated when the device was handed to each patient. To
further protect participant privacy, no data were cached in the
iPod touch software so asto prevent going back to prior answers
from another patient. The software was tested for usefulness,
security, completeness, and stability before being deployed for
actual use. The software resided and was run from a\Web server
that was located in a managed, secure, Intranet data center that
used enterprise level back-up and security practices standard
for health care and clinical information systems. As an
Intranet-based Web solution, the software and data collected
were not accessible via the public Internet. Data from the
participant responses and generated reports were stored in a
secure, relational database that resided in the same data center
and was managed using the same health care and clinical
information systems practices.

Figure 1 displays sample screen shots of the HBA on the iPod
touch. After patients checked in and waited for their
appointments, aclinical research staff member approached and
asked them to participate in the study. After verbal informed
consent was given by the patient, the research staff gave them
aquick training on how to use and navigate theiPod touch. The
training included teaching participants how to make aselection
from achoice of answersand how to usethewheel onthe device
to make aresponse. After a participant completed the HBA on
the secure iPod touch, an HBA summary report was generated
and simultaneously sent wirelessly to a research printer (see
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Figure 2 for sasmple HBA summary reports). A copy of the HBA
summary report was given to the participant and another copy
was attached to their folder and given to their physician before
encounter with the participant. The physician could use the
summary report as a cue to start the conversation and provide
appropriate recommendations on behavior change. The

Figure 1. Sample screen shots of iPod Touch HBA.

Congratulations
Keep it up

On Your
Way

Time to
Change

Forjuoh et al

participant was provided a monetary compensation of US $20
for their time. Within 7 days of the clinic visit, the patientswere
contacted again by phonefor afollow-up survey regarding their
experiences with using the iPod touch and whether they
discussed the report with their physician and established any
behavior change goals during the clinic visit.
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Figure 2. Sample generated HBA summary reports.
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We collected the following information using the iPod touch
device: (1) demographic data, including gender, age group, and
race/ethnicity, (2) health status data, including general health,
physical health, and mental health, (3) anthropometric data,
including height and weight, (4) data on participant activation
or involvement with their own health using 12 questions about
health beliefs, such as taking responsibility for their health
condition and understanding the nature and causes of their health
conditions, and (5) data on health behaviors using seven
guestions about dietary behaviors, six questions about physical
activity behaviors, and six questions about smoking behaviors.

Given our interest in a pragmatic set of measures to assess
lifestyle behaviorsin primary care settings, we choseto employ
guestionsfrom the Starting the Conversation Toolkit devel oped

http://mhealth.jmir.org/2014/1/e14/

RenderX

by researchers at the University of North Carolina as a brief
tool for rapid lifestyle assessment, behavioral counseling, and
monitoring behavioral changein avariety of health care settings
[25]. Asindicated in prior work, having a set of brief itemsis
critical for getting assessments integrated into clinical-care
settings [26]. Focusing on the behavioral assessment questions
from the Starting the Conversation ToolKit, we purposively
selected three critical behaviors (tobacco use, eating behaviors,
and physical activity) related to the onset and progression of
many different chronic diseases [27]. Research in the dietary
assessment arena confirms the utility of using this brief
screening tool for evaluating intervention impact [28]. These
types of Starting the Conversation questions are now part of a
harmonized data set for behaviora assessment widely
recommended for use in both community and clinical settings
[24,29]. Our brief assessment also included items on patient
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involvement, drawn from the short form of the Patient
Activation Measure [30].

Table 1 summarizes the list of the HBA questions. The 12
guestions on “ participant involvement” required participantsto
make a choice from a 4-point Likert scale from strongly agree
to strongly disagree. The 7 questions on “dietary behavior”
required participants to make a choice from three answers (eg,
“How many times aweek do you eat food that is fried or high
infat?’: 0= Lessthan 1; 1 = 1-3; 2 = 4 or more), which were
scored 0-2 for apossible total score ranging between 0 and 14,
with O representing the healthiest eating behavior and 14
representing the unhealthiest. Similarly, physical activity had

Table 1. Health behavior assessment questions on the iPod touch.

Forjuoh et al

six questions with a possible score of 0-12 (eg, “How many
times a week do you go out for abrisk walk?’: 2 = 4 or more;
1 =1-3; 0 = Less than 1), with higher mean scores meaning
being more active; “tobacco use” also had 6 questions with
possible score range of 0-12 with higher mean scores meaning
more tobacco use.

The follow-up phone survey comprised 15 items, including 12
guestions on their experiences with using the iPod touch on a
5-point Likert scale from strongly agree to strongly disagree,
two “Yes-NO" questions on their communication with their
physicians, and one open-ended question on any other
information or feedback they liked to share with us.

Patient involvement Eating behavior

Physical activity Tobacco use

1. | am responsible for managing my
health condition fat

1. Eat food that isfried or highin

1. Go out or abrisk walk per
week

1. To perk me up or give me alift

2. When | am with friends or

2. Teking activerolein my healthismost
important factor

3.1 can take actionsto prevent problems
with my health

4.1 know what my prescribed medica-
tionsdo

5.1 cantell when | need medical care

6. | cantell my provider concerns| have

2. Servings of fruits or vegetables
eaten

3. Regular sodas and glasses of
sweet tea or juice drunk

4. Eat beans (eg, black beans)
chicken or fish

5. Eat regular (not low-fat) chipsor

crackers

6. Eat desserts or other sweets

2. Hours spent watching TV or
on the computer

3. Walk, ride a bike or bus vs.
driving

4. Do gardening or intense
housework

5. Participate in sports or exer-
cise program per week

6. Think of ways to move more

drinking socially

3. Helps me feel comfortable and
relaxed

4. When I'm anxious, worried,
depressed or angry

5. Within haf an hour after | wake
up
6. Without really thinking about it

when not asked

7. 1 can follow through on medical Rx |

need to do at home on bread

8. | understand nature and causes of my
health conditions

9. | know the medical treatment options
available

10. | know how to prevent further prob-
lems

11. | can figure solutions when new
problems arise

12. | can maintain healthy lifestyle
changes like diet and exercise

vs. less

7. Margarine, butter, or meat fat use

Statistical Analysis

Data management, including data entry and coding, recoding,
as well as analysis were done using SPSS. As a pilot study
focused on feasibility and initial efficacy assessment, data
analyseswerelimited to descriptive statistics. Wefirst computed
survey response and follow-up rates. We then performed
descriptive statistics on the health behavior measures,
participants’ interactions with their physicians, and their
experiences and perceptions of the iPod touch device as an
assessment tool, including means and standard deviations.
Exemplary quotes from participant feedback are included as
illustrations.

http://mhealth.jmir.org/2014/1/e14/

Results

Survey Response and Follow-Up Rates

Of 293 subjects who were approached by the research staff for
participation, 27.6% (81/293) were ineligible, 15.4% (45/293)
were not interested, and 57.0% (167/293) expressed interest.
Of these, 16.2% (27/293) refused verbal consent, while 83.8%
(140/293) consented to participate. However, 31 subjects could
not complete the HBA survey before being called to the exam
room for their physician appointment resulting in atotal of 109
subjects who completed the HBA. The mean time needed for
participant instruction on navigating the iPod touch device was
43.5 (SD 29.9) seconds.

Of the 109 participants who completed the HBA survey in the
clinic, 76.1% (83/109) were successfully contacted for the
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follow-up phone survey within 7 days of their clinic visit after
up to four phone call attempts.

Subject Characteristics

Asshown in Table 2, participants were mostly female (75/109,
68.8%) and non-Hispanic White (69/109, 63.3%), with 15.6%
(17/109) being African American and 16.5% (18/109) being
Hispanic/Latino. Only 10.1% (11/109) were 65 years or older.
The majority was overweight or obese (84/109, 77.1%), while
a minority self-reported their general health as fair or poor
(25/109, 23.9%). Asfurther depicted in Table 3, the mean BMI
of the participantswas 30.9 (SD 6.6). Participants also reported
approximately 1 week of poor physical or mental health days
each month.

Forjuoh et al

Participants generally reported a high involvement with their
own health, with the vast majority of them reporting strong
agreement or agreement with being responsible for managing
their health conditions (107/109, 98.2%), taking an active role
in their own health (109/109, 100%), being confident in taking
actions that will help prevent or minimize some symptoms
(106/109, 97.2%), and having the confidenceto tell their health
care provider concerns they have when not asked (105/109,
96.3%). While they reported less tobacco use (mean score 1.9,
SD 3.7), they reported average behaviors regarding healthy
eating (mean score 6.1, SD 2.4) and physical activity (mean
score 7.6, SD 2.7).

Table 2. Demographics and general health information of participants (n=109).

Characteristic n (%)
Agegroup (years)
18-30 31(28.4)
31-45 33(30.3)
46-64 34(31.2)
64+ 11 (10.1)
Gender
Male 34 (31.2)
Female 75 (68.8)
Race/ethnicity
African American 17 (15.6)
Asian/Pecific Islander 4(3.7)
Hispanic/Latino 18 (16.5)
White 69 (63.3)
Other 1(0.9)
Body massindex (BMI)
Underweight 1(0.9
Normal weight 24 (22.0)
Overweight 26 (23.9)
Obese 58(53.2)
Self-reported general health
Excellent 6 (5.5)
Very good 21 (19.3)
Good 56 (51.4)
Fair 22(20.2)
Poor 4(3.7)

http://mhealth.jmir.org/2014/1/e14/
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Table 3. Hedlth status and health behavior assessment of participants (n=109).

Characteristic Mean (SD)
Body mass index 30.9 (6.6)
Number of days physical health not good in the past 1 month 6.3(8.5)
Number of days mental health not good in the past 1 month 7.1(8.8)
Number of days unable to do ADLs? 5.4 (8.6)
Dietary behavior (0-14) 6.1(2.4)
Physical activity (0-12) 7.6 (2.7)
Tobacco use (0-12) 1.9(3.7)

8Activities of daily living

Patient—Physician Communication and Collabor ative
Goal-Setting

Of the 83 participants who successfully completed thefollow-up
phone survey, 30% (25/83) reported that their physicians
discussed the HBA report with them, while 29% (24/83)
established behavior goalsrelated to the HBA report with them.

Feedback of iPod Touch Device

Table 4 depicts participants feedback on using the iPod touch
for HBA. Participants generally accepted using iPod touch for
HBA, with the vast majority reporting overall positive
experiences (82/83, 99%) and acknowledging that the words
were easy to see (83/83, 100%), it was easy to use (82/83, 99%),
guestions were easy to understand (81/83, 98%), they did not

Table 4. Participants responses to the follow-up phone survey (n=83)2

believe theiPod touch negatively affected their interaction with
their doctor (79/83, 95%), the report was easy to understand
(78/83, 94%), and they did not feel rushed to answer the
questions (74/83, 89%). Exemplary quotes provided by the
participants about their experiences with the iPod touch device
corroborated the quantitative findingsincluding comments such
asy
Awesome, very easy to read, very quick. Good for
people who haven't used iPod.
Another participant suggested,
I wish they would do everything like that (iPod)
because | think it is a lot better than reading and

writing. | was able to see the text better on the iPod
than on paper.

Characteristic Strongly agree/Agree (%) Not sure (%)  Strongly disagree/Disagree (%)
1. iPod touch device was easy to use 99 1 -
2. Words on the iPod touch easy to see 100 - -
3. Questions were easy to understand 98 1 1
4. Felt rushed to answer the questions 10 1 89
5. Report was easy to understand 94 4 2
6. Will use information to better health 94 5 1
7. Report makes me want to change 83 11 6
8. Will like to use device morein clinic 94 2 4
9. Report helped to talk to doctor 76 9 15
10. iPod touch negatively affected interaction 4 1 95
11. iPod touch positively contributed to health 86 7 7
12. Overall experience with iPod positive 99 1 -

3p<.001 in al cases using the binomial sign test

Discussion

Principal Findings

This pilot study assessed the feasibility of using a common
mobile tool for HBA and counseling in aprimary care setting.
Our data suggest that the iPod touch device may be afeasible
device to assess lifestyle behaviors. Nearly al participants

http://mhealth.jmir.org/2014/1/e14/

reported a positive experience overall, finding the words on the
iPod touch screen easy to see. The vast majority of patients
found the device very easy to use and the questions easy to
understand. In addition to its user-friendliness from a participant
perspective, as seen in other studies, the iPod touch also offers
ease from researchers' perspective. For example, it minimizes
survey response error, it isreliable in eliciting sensitive datain
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a private and confidential manner, and it is advantageous in
terms of easy data storage and transportation.

In addition to being an easy-to-use HBA tool, we also found
that the iPod touch was a promising device to assist behavior
change in a diverse population of varying age groups, genders,
ethnicities, and health status. The generated HBA reports
triggered patient-physician collaborative goal-setting for
one-third of our patients. Thisfinding corroboratesacall to use
mobile health technologiesor IBCT to promote health behavior
change in the primary care setting [18,31].

Limitations

Several limitations of the study should be noted. First, we had
asmall and convenient sample recruited from one health care
system from one geographical region. Thus, the findings may
not be generalizable to other patients in primary care setting.
In addition, we did not include children or non-English speaking
patients. While promising, further research with alarger sample
isneeded for better understanding on how different populations
may use mobile technology for both HBA and health
communication messaging. Second, our follow-up rate was
76.1% (83/109) and we had a short follow-up time (7 days) in
the study. Given that this was a pilot study to assess feasibility
of using mobile tool for HBA in primary care setting, such a
response rate was expected. However, better compliance may
have resulted if participants had been compensated after
completing all phases of the study instead of only after theiPod
touch survey. Further studies are needed to enhance follow-up
and better observe how mobile technology might impact
long-term behavior change in patients. Third, our study was
focused on using the iPod touch device for HBA. Training on
how to usethe printed HBA reportsfor better patient—physician
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communication and goal-setting for behavior change was not
included as part of this study. We also did not collect any data
on participant technological expertise, or physician’s feedback
on using printed HBA reports in their communication with
patients, which isneeded in future studies. Future research must
also include such training for both patients and physicians, so
the proportion of patients receiving counseling on behavior
change can be increased as well as the assumed effectiveness
of such behavioral counseling. Fourth, we used an iPod touch
platform for conducting the HBA. In future studies, a
comparison of the benefits and costs of iPod touch deviceswith
other mobile devices would be instructive.

Conclusions

Despite these limitations, the current study suggests that it is
highly feasible to use mobile tools for HBA and counseling in
primary care settings for the prevention or management of
obesity, diabetes, cancer, or heart disease, which are heavily
influenced by lifestyle behaviors. Recognizing the magnitude
of the prevalence of unhealthy behaviors in Americans, but
limited health care resources, Congress passed the Health
Information Technology for Economic and Clinical Health Act,
which emphasizes the use of electronic health records [32].
Mobile heath technologies can be integrated into the
increasingly popular electronic health records. Recent studies
are also documenting the value of standardizing questionnaires
of HBAs and use for patient counseling [24,31]. Asthe mobile
health research accelerates and adoption of electronic health
records in health care settings continues, mobile devices such
as the iPod touch HBA are promising health communication
tools that can be easily integrated into the daily operation of
primary care clinics.
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Abstract

Background: Patient retrospective recollection isamainstay of assessing symptomsin mental health and psychiatry. However,
evidence suggests that these retrospective recollections may not be as accurate as data coll ection though the experience sampling
method (ESM), which captures patient datain “real time” and “real life” However, the difficulties in practical implementation
of ESM data collection have limited its impact in psychiatry and mental health. Smartphones with the capability to run mobile
applications may offer a novel method of collecting ESM data that may represent a practical and feasible tool for mental health
and psychiatry.

Objective: This paper aims to provide data on psychiatric patients' prevalence of smartphone ownership, patterns of use, and
interest in utilizing mobile applications to monitor their mental health conditions.

Methods: One hundred psychiatric outpatients at alarge urban teaching hospital completed a paper-and-pencil survey regarding
smartphone ownership, use, and interest in utilizing mobile applications to monitor their mental health condition.

Results: Ninety-seven percent of patientsreported owning aphone and 72% reported that their phone was asmartphone. Patients
in al age groups indicated greater than 50% interest in using a mobile application on adaily basisto monitor their mental health
condition.

Conclusions: Smartphone and mobile applications represent a practical opportunity to explore new modalities of monitoring,
treatment, and research of psychiatric and mental health conditions.

(JMIR mHealth uHealth 2014;2(1):€2) doi:10.2196/mhealth.2994

KEYWORDS
psychiatry; mobile; smartphone; depression; technology; applications

assessment, is a data collection method used in mental health
that allows patients to record their current state and context in

Self-report scales are a mainstay of assessing symptoms and & structured manner. Reports, often in diary format, are
their changein patientswith mental health disorders. A frequent  COMPleted several times per day usually at random intervals
limitation of such scales is that they typicaly gather W|th the goal of capturing a patient’s state in “their natu_ral
retrospective rather than real-time reports. Experience sampling  Sefting” [1,2]. ESM offers several advantages over retrospective
method (ESM), also known as ecologica momentary recollections of patient symptoms. First, it reduces the need to
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rely on episodic memory, which can be unreliable. Second, it
creates the potential to capture transient, randomly occurring
symptomatic experiences. Third, it allowsabetter understanding
of daily fluctuations and patterns of change anchored in time
to activities, social contexts, and time [3].

While psychiatric and mental health research has focused on
macro-scale cross-sectional differences and longitudinal
changes, examining mental illness from the micro-level
perspective offers a novel approach to elucidate the nature of
illnesses, reveal insights into mechanisms as they play out in
real life, and produce knowledge that isrelevant to the individual
patient. This view suggests that ESM may allow us to “open
the black box of what we call a disorder [and discern] the
network structure of interconnections between symptoms’ [4].
Questionnairesand clinical interviews may not be ableto reveal
small but repetitive and relevant patterns of emotional
expression to which momentary assessment may be more
attuned [5]. Furthermore, concern has also been raised that
traditional assessments of emotional recognition and social
function may not actually capturereal life measures of function
in this patient population when compared to ESM [6]. Instead,
data suggest that the earliest stages of expression of psychosis
vulnerability may be noted in subtle momentary personal and
environmental interactions that ESM captures [7]. The utility
of ESM in mental health is broad and not limited to certain
diseases or states. A recent review of ESM in menta health
concluded that ESM provides more detailed understanding of
psychiatric and mental health phenomenol ogy, and better insight
into the dynamics of affective, psychotic, anxiety, eating,
attention-deficit hyperactivity, and borderline personality
disorders, thereby elucidating the dynamic interplay between
environment and pathophysiological experiences[8].

Despite these advantages, ESM is not yet used in daily clinical
interactions and decision-making. This conundrum is not new
to the mental health field. More than 20 years ago, researchers
began to realize the need for assessment strategies that would
better describe patients in context and capture their subjective
experiences. Nascent computer technology was envisioned as
a mechanism to realize “a more precise description of
subjectively experienced symptomatology” [2]. An often-raised
concern with ESM isthat there may be asubstantial lag between
the timing of an event and the patient’s reporting of it [9]. A
significant advantage of using computer technology for ESM
isthat electronic self-reports can be “time stamped” and are not
subject to “back filling” like paper-and-pencil ESM. A pager
alarm or timer beep isnot aguarantee that a patient will actually
fill out apaper-and-pencil diary entry. However, electronic ESM
methods can record with exact precison when entries are
recorded. One pilot study comparing paper-and-pencil-collected
ESM versus mobile phone-captured ESM noted mood ratings
on the mobile phone were significantly associated with clinician
ratings of depression whereas paper-and-pencil ratings were
not— - suggesting that electronic ESM data may have greater
clinical validity [10]. Computer technology has matured since
the 1980s and may now offer the ability to fulfill the potential
of ESM in the clinical care of patients with mental health
disorders. Smartphones, cellular phones with often large
touchscreens and the ability to perform many functions of a
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Torous et al

computer including hosting operating systems able to run
applications, in particular have rapidly evolved and the diverse
role of of smartphone applications in health care was noted in
a recent review [11] and the evolving potential for such was
noted in another review [12].

ESM may be conducted with paper-and-pencil diaries or
electronic tools such as handheld computers or smartphones.
Thefeasibility and validity of electronic ESM using tools such
as Palm computers has been studied in mood disordersresearch
[13] and schizophrenia research [14]. Early research into
smartphones has suggested their potential value for collecting
real-time data from patients. One group provided smartphones
for 1 week to patients with a diagnosis of psychosis and
demonstrated that patients were able to utilize these devicesto
successfully complete rating scal es of symptoms[15]. Another
group also noted thefeasibility of using smartphone applications
for recording symptomsin patientswith adiagnosis of psychosis
and concluded that the graphical interface of such may led to
better compliance and shorter entry times when compared to
data collected via text messaging [16] or collected by classical
paper-and-pencil diaries [10]. A practical clinical benefit of
collecting smartphone-based data was recently demonstrated
in a paper noting that results garnered on variability of
self-reported mood symptoms may help predict thoughts of
self-injury [17]. However, little is known about these health
patients prevalence of smartphone ownership or interest in
using their own smartphones to download and run applications
to track and monitor their conditions.

The rapid rise of smartphone technologies offers a novel
mechanism for ESM collection. A recent study indicated that
approximately 61% of the US population now owns a
smartphone with ownership rates among mobile subscribers
highest among the age group of 25-34 years at 78% and closely
followed by 75% of the popul ation between the ages 18 and 24
years [18]. However, there is little data on the prevalence of
smartphone ownership among patients with mental illness in
the United States or their interest and willingness to use mobile
applicationsto monitor their conditions. Thislack of knowledge
serves asbarrier to further research and development in thefield
of mobile application development for the mental health field.
This paper aims to provide early data on rates of smartphone
ownership, patterns of use, and interest in using mobile
applications to monitor their conditions. We predict that the
rate of smartphone ownership among patientswith mental illness
will be similar to that of the genera population and patients
will express interest in downloading and utilizing mobile
applications on their personal smartphones.

Methods

Paper-and-pencil surveys were completed by 100 patients at
routine mental health clinic appointments at Beth Israel
Deaconess Medical Center, a 500-bed tertiary care urban
teaching hospital in Boston. The outpatient psychiatry clinic
treats patients older than 19 years of age and sees approximately
1000 patients per month. The most frequent disorders seen at
this clinic are first, anxiety disorders; and second, depressive
disorders. Patients were told by front desk staff of the
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opportunity to complete the voluntary uncompensated survey.
We estimate that 10% (100/1000) of patients took the survey
over 1 month. The study was approved and monitored by the
Beth Israel Deaconess Medical Center Institutional Review
Board.

The survey was 1 page long and the questions are listed in
Textbox 1. No personal health information was recorded to

Textbox 1. Survey questions.

Torous et al

protect patient privacy. The datawere analyzed using IBM SPSS
software. P values were calculated using chi-square analysis
and run on IBM SPSS software. Results were stratified by age
groupings that were selected to best mirror the currently most
comprehensive reported statistics by the Pew Research Center
and Nielsen on smartphone demographics among the general
popul ation.

Do you have daily access to the Internet?

Do you currently own a mobile phone?

Can your phone receive and send text messages?
Can your phone be used to browse the Internet?
Can your phone download applications or “apps’?
Does your phone have built-in GPS?

Do you own a smartphone?

What is the brand and type of your mobile phone?

© © N o g &M~ w N P

How many applications or “apps’ do you have on your phone?

e <
w N P O

appointments?

14. Would you want to be able to access general information related to your health viayour smartphone?

15. Would you want to receive text messages on your phone related to your health from your doctor’s office?

16. Would you want to use your phone to help track your medical condition via an application or “app” on your smartphone?
17. Would you download an application or “app” to your phone to help monitor your health condition?

18. Would you be willing to use an application or “app” on your phone on adaily basis to help monitor your health condition?

How many applications or “apps’ do you put on your phone each month?
. How many health care—related applications or “apps’ do you have on your phone?
. Inthe past 6 months, have you used your smartphone to access general health care information?

In the past 6 months, have you used your phone to access your personal health care information such as, for example, test results or to schedule

Results

One hundred patients completed the survey. Sixty-four percent
of participants were female, 33% were male, and 3% did not
specify gender. Eighteen participants were younger than 30
years of age, 31 between 30 and 45 years of age, 26 between
45 and 60 years of age, and 24 older than 60 years of age. One
participant failed to include age.

Of the 100 patients who completed the survey, 90% reported
they had daily access to the Internet in some form. The age of
patients stratified according to Internet accessis shown in Table
1.

Of the 100 patients who completed the survey, 97% (n=97)
reported owning a mobile phone and 72% (n=72) reported
owning asmartphone. We verified self-reporting of smartphone
ownership by checking that those who reported smartphone
ownership characterized their phones as having daily accessto
the Internet, atouch screen, and the ability to download mobile
applications. Only 67% (n=67) of patients owned asmartphone

http://mhealth.jmir.org/2014/1/e2/

according to these criteria. Sixty-four participants wrote in the
name of their phone and of these 64 responses, 33 were listed
as Apple iPhones. Results are displayed in Table 2 below.

Use of smartphones was also reported. Patients provided the
following information on number of applicationsthey currently
have on their smartphone, the number of those related to health
care, and the number of applications they add to their
smartphone every month. Results are reported in Table 3.

Patients were also asked about using their mobile phones to
access either general or personal health careinformation in the
previous 6 months. Using an analysis of variance, it was found
that gender was not asignificant factor in accessing health care
information via phones; however, age group was a significant
variable. Results are displayed in Table 4.

Finally, data were collected regarding willingness of patients
to use text messaging versus a mobile application to monitor
their mental health condition. Results are shown in Table 5 and
Figure 1.
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Table 1. Percent access to the Internet stratified by age (N=99).2

Age (yr) n (%) access to Internet
<30 (n=18) 18 (100)

30-45 (n=31) 31 (100)

45-60 (N=26) 22 (85)

>60 (n=24) 18(75)

Total (N=99) 89 (90)

32.=12.172, P<.007

Table 2. Mobile phone and smartphone ownership (N=99).

Self-reported percent smartphone

Percent mobile phone ownership® ownership? Percent smartphone ownership by criteria’
Age(yr) n (%) n (%) n (%)
<30 (n=18) 18 (100) 15 (83) 15 (83)
30-45 (n=31) 31 (100) 28 (90) 26 (84)
45-60 (n=26) 26 (100) 19 (73) 16 (62)
60 (n=24) 21(87.5) 9(35) 9(39)
Total (N=99) 96 (97) 71(72) 66 (67)

3y2.=0.668, P<.02
By25=21.842, P<.001
©x%3=15.874, P<.001

Table 3. Smartphone applications (N=86).

Number of total applications currently Number of healthcare applications Number of applications downloaded

on smartphone currently on smartphone® each month to smartphone
Age(yr) mean (median) mean (median) mean (median)
<30 30(28) 16(1) 34(3)
30-45 20 (15) 0.8(0) 2(1)
45-60 8(2.4) 0(0) 06 (0)
>60 9.7(6) 0.6 (0) 0.6 (0)
Overall 17 (12) 0.6 (0) 16(1)

825=35.759, P<.02

Table 4. Use of smartphone to access health care information (N=96).

Percent accessed general health care information from  Percent accessed personal health care information from

phonein previous 6 months® phone in previous 6 months?
Age (yr) n (%) n (%)
<30 (n=18) 12 (67) 7(39)
30-45 (n=31) 18 (58) 9(29)
45-60 (N=23) 3(13) 3(13)
>60 (n=24) 3(13) 7(29)
Total (N=96) 36 (38) 26 (27)
32,204,396, P<.01
by2,=3.989, P<.26
http://mhealth.jmir.org/2014/1/e2/ JMIR mHealth uHealth 2014 | vol. 2 |iss. 1 |e2 | p.135
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Tableb. Interest in using text messages and smartphone applications for mental health (N=98).

Percent wanting to use a

Percent wanting to
receive text mes-

Percent wanting to ac-

mobile application to
cessgenera health care  track mental health condi-

Percent wanting to
download an application

Percent wanting to use
applicationto track condi-

sages from MD? information on phone®  tion® to track condition® tion on adaily basis®
Age (yr) n (%) n (%) n (%) n (%) n (%)
<30 (n=18) 10 (56) 15 (83) 14 (78) 13(72) 13(72)
30-45 (n=31) 21 (68) 27 (87) 25 (81) 26 (84) 26 (84)
45-60 (n=25) 14 (54) 16 (63) 18 (72) 19 (75) 16 (63)
>60 (n=24) 15 (63) 14 (58) 11 (46) 11 (46) 14 (56)
Total (N=98) 60 (61) 72(73) 68 (69) 69 (70) 69 (70)
a25=1.307, P<.727
by2,=8.098, P<.04
©x?3=8.684, P<.034
92.=9.862, P<.02
®%3=5.151, P=.16
Figure 1. Patients willingness by age to monitor mental health conditions on smartphones.
100%
90%
80%
70%
60%
50% 5 Age <30
40%  Age 30-45
30% Age 45-60
20% uAge >60
10% “ Total
0%
Percent Percent Percent Percent Percent
Wanting to  Wantingto Wantingto Wantingto  Wanting to
Receive Text Access Use a Mobile Download an Use
Messages General  Application to Application to Application
from MD Healthcare  Track Your Track To Track
Information Mental Health Condition Conditions on
on Phone Condition. a Daily Basis
Discussion March 2013 [18], indicating that mental health conditions may

Principal Results

Our study provides early dataregarding smartphone ownership
among patients with mental health disorders aswell asthefirst
reported quantitative data regarding patient interest in
smartphone applications to monitor mental health conditions.
The overall rate of smartphone ownership among patients with
mental health disorders was 67%, which is actually slightly
higher than the national ownership of rate of 61% reported in

http://mhealth.jmir.org/2014/1/e2/

XSL-FO

RenderX

not be a barrier to smartphone ownership. Our results also
indicatethat patientsreport interest and willingnessto try mobile
applications designed to monitor their mental health condition
with 67% indicating interest. Together, these results indicate
that smartphones and mobile applications may represent a
practical opportunity for the mental health field to explore new
modalities of monitoring, treatment, and research. Whereas
much previous work regarding mobile phones or smartphones
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and mental health has used study devices, our data suggest that
future studies may be conducted using patient-owned devices.

Our resultsindicate that patientsin the age range of 30-45 years
might be the most amenable and willing to download a
smartphone mobile application to monitor their mental health
condition. However, willingness to use such an application on
adaily basis did not differ across age, suggesting that age itself
is not a barrier to such. Interestingly, patients older than 60
years of age also reported astrong interest in using smartphones
and mobile applicationsto track their mental health conditions.
Their interest in using such an application was actually higher
than those in the age group of 30-60 years of age. While those
older than 60 years of age currently own fewer smartphones
and use fewer mabile applicationsthan other groups, their strong
interest creates a unique opportunity to better understand and
serve the growing geriatric psychiatry population.

Of note, there was a greater patient interest in using a
smartphone application to track their mental health condition
than in receiving text messages from mental health care
providers. Thismay indicate that patients are more comfortable
using mobile applications than the earlier technology of text
messaging. Patients may prefer the anonymity of usingamobile
application and feel more comfortable reporting symptoms in
such a manner. Previous studies have indicated that a further
benefit of mobile applications regarding mental health may be
a reduction in stigma resulting in higher rates of compliance
and treatment-seeking behavior [19].

It is also worth briefly mentioning that despite the numerous
benefits, there are risks associated with smartphone use in
mental health. The loss of patient and data confidentiality, and
privacy remainsaconcern for smartphone applications[20] and
the broader field of telepsychiatry itself [21]. Although some
smartphones now include biometric security, despite advances
in data encryption and network security technologies, privacy
and security remain key issues.

Comparison With Prior Work

Our results are also in line with data collected in Australia
regarding interest in utilizing mobile applications to help track
and monitor mental health conditions with 67% in our study
indicating interest versus 76% in the Australian study by
Proudfoot and colleagues[22]. However, our results are distinct
inthat they were collected inamental health clinic from patients

Torous et al

and not the general population with and without mental health
conditionsasinthe Australian study. Our resultsareasoinline
with recent work that has reported patient acceptance and ease
of use of smartphones for self-reporting of symptoms. [15,16].
Another recent study looked at mobile phone ownership in
patients with serious mental illness but did not address
smartphone ownership or mobile applications [23].

Limitations

Thereare severa limitationsto this study. First, our resultswere
obtained from asingle general psychiatry clinicinan urban area
of Boston. Rates of smartphone ownership and willingness to
use mobile applications may be different at other clinicsin other
areas such as those that serve chronic and persistent mental
illness. Second, we did not collect information regarding
patient’s diagnosis and thus may be overgeneralizing the results
of thisstudy. Third, our sample size of 100 patientsissmall and
it would be important to examine these resultsin alarger scale
survey. Fourth, our results are also limited by the fact that the
guestions in the survey were hypothetica and may not
extrapolate into clinical practice. Fifth and finaly, this study
did not address what information patients would be willing to
share and allow their mental health provider to access.

Conclusions

Whilethe potential benefits of utilizing momentary assessment
technology in mental health are well understood and include
aiding diagnosis, personalizing patterns of emotions and
behaviors, empowering patientsto partakein care, and providing
alow-cost adjuvant to treatment [16], less is known regarding
the implementation and acceptability of such technology in
mental health clinics. The high cost of supplying patients with
smartphones as well as the technical difficulties encountered
using new phones has been a limitation of several studies
examining smartphone collection of ESM [24]. Allowing
patientsto usetheir own smartphonesto run mobile applications
may provide an effective and valid means of collecting real-time
patient symptomology. This paper presented dataindicating the
feasibility of utilizing patient-owned smartphones to monitor
mental health conditions via ESM. The ability of smartphones
is not limited to data collection, but also creates the potential
for mobile interventions as a future modality of treatment in
mental health [25]. Future work is required to explore these
concepts and realize the full potential of mobile technologies
in the assessment and treatment of mental illness.
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Abstract

Background: Lifespaceisamultidimensional construct that describes the geographic areain which a person lives and conducts
their activities, and reflects mobility, health, and well-being. Traditionally, it has been measured by asking older people to
self-report the length and frequency of tripstaken and assistance required. Global Positioning System (GPS) sensors on smartphones
have been used to measure Lifespace of older people, but not with people with Parkinson's disease (PD).

Objective: The objective of this study was to investigate whether GPS data collected via smartphones could be used to indicate
the Lifespace of people with PD.

Methods: The dataset was supplied via the Michael J Fox Foundation Data Challenge and included 9 people with PD and 7
approximately matched controls. Participants carried smartphones with GPS sensors over two months. Data analysis compared
the PD group and the control group. The impact of symptom severity on Lifespace was also investigated.

Results: Visualization methods for comparing Lifespace were devel oped including scatterpl ots and heatmaps. Lifespace metrics
for comparison included average daily distance, percentage of time spent at home, and number of tripsinto the community. There
were no significant differences between the PD and the control groups on Lifespace metrics. Visua representations of Lifespace
were organized based on the self-reported severity of symptoms, suggesting atrend of decreasing Lifespace with increasing PD
symptoms.

Conclusions: Lifespace measured by GPS-enabled smartphones may be auseful concept to measure the progression of PD and
the impact of various therapies and rehabilitation programs. Directions for future use of GPS-based Lifespace are provided.

(JMIR Mhealth Uhealth 2014;2(1):€13) doi:10.2196/mheslth.2799
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Introduction

The Lifespace Construct

Lifespaceisameasure of the geographic spacein which aperson
lives and conducts their roles and activities [1,2], and captures
the extent to which they travel and their patterns of movement
within the community (Figure 1 illustrates the construct). As a
construct, it arose from gerontological research, focusing
attention on the relationship between the person and their
environment [3,4]. It was originally conceptualized as concentric
circles around the person representing expansion in the areas

Liddieet al

in which a person lived and interacted from their bedroom, to
the house, and extending to the world outside the local
neighborhood [1,4,5]. Theresearch into Lifespace suggeststhat
it isinterconnected with a person’s health and functional status
[6-8], their environment, including available resources [9,10]
and interventions focusing on the person, their health, and/or
their environment [7,8,11]. Lifespace is an indication of the
broader participation and quality of life outcomes [2,12]. It is
thought to represent opportunity for community participation
and socia interaction [2,13] and also represents actua lived
function and community access over a period of time[1,2,8].

Figure l. Lifespace asit relatesto a person, environment, intervention, and life outcomes.

Lifespace Individually Defined

Thereisno optimal amount of Lifespace. Like many aspects of
quality of life and participation, it is individually defined.
Individuals are likely to have different desired patterns and
locations of community engagement [8,12]. The research into
frail, community-dwelling older peoplein Japan has suggested
that it is desirable that people leave their homes and engage in
their neighborhood at least once a week to maintain function
and health [14]. Xue et al [15] suggested that |eaving the home
lessthan four times aweek was arisk factor or marker for future
frailty, regardless of the way in which community mobility
occurred or if assistance was required.

As Lifespace is a construct that fits within the
person-environment and World Hedth Organization's
International Classification of Functioning models, itisableto
indicate the broad, enacted impact of health and environment
on participation [16]. The research has shown that Lifespace
can demonstrate the frequency and distance of independent
community mobility or supported travel involving equipment
or assistance from others, and therefore could be used to evaluate

http://mhealth.jmir.org/2014/1/e13/
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the impact of physical, cognitive, psychiatric, and sensory
symptoms on life participation [1,5]. In addition, Lifespaceis
a construct that can capture how the design and resources
avallable to an individual could enable high levels of
participation and large geographic areas of engagement, even
in the face of substantial symptomatology or disability. Indeed,
optimal design of communities and resource allocation enable
maintained Lifespace [16,17].

Reflecting its development in gerontology, Lifespace has been
most widely applied in studies of theimpact of ageing for people
living in the community, for example, reference [15]. The
longitudinal studies have indicated that even subtle restrictions
in Lifespace can indicate prodromal changesin relation toillness
and ageing, including future onset of functional deficits, for
example, reference [14], cognitive impairment [18], and
mortality [15]. Some studies on Lifespace have also described
the differential adjustment to community life after
hospitalization [7], the impact of falls [17], and the impact of
roles including caregiving, for example, reference [19]. A
number of the studies involving populations of older people
have identified that illnesses or disorders affecting mobility
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have a direct impact on Lifespace, and have specifically noted
Parkinson’s disease (PD) as affecting Lifespace, for example,
references [9,14].

Lifespace and People With Parkinson’s Disease

Lifespace has not been extensively studied for people with PD,
although outdoor walking and community mobility have been
researched, for example, reference [13]. It has clear relevance
as the motor (difficulties with gait, tremor, and rigidity) and
nonmotor symptoms (apathy, depression, sleep disturbance),
as well as the most common reasons for hospitalization, (falls
and psychiatric symptoms), could impact on apersonwith PD’s
desire and ability to regularly accessthe community [20]. Some
studies into community walking for people with PD have
highlighted the complex challenges associated with outdoor
mobility. The impact of symptoms, confidence, and personal
strategies, aswell asenvironmental barriers, combineto impact
on the community participation of peoplewith PD [13,21]. The
symptoms of PD have been shown to have variability over the
short term within the overall trend of slow progression of the
disease, rapid and unpredictable changes to symptoms may be
seen. Thishasled to increased interest in monitoring the ongoing
symptoms and outcomes for people with PD in their home
environments [22].

Interventions for people with PD can target safe outdoor
mobility, confidence with mobility, and ease with leaving the
home [23,24]. Lifespace therefore gives an opportunity to
monitor the implications of the combined impact of the
symptoms of PD, the available supports, and theimpact on daily
life. Caregiving for someone with PD has been identified in a
qualitative study as restricting Lifespace for the carer [19],
indicating the broad impact of theillness and the potential utility
of the approach for monitoring the quality of life and community
participation for both people with PD, and their families.

Asagloba measure of community participation, Lifespace also
has the potential to indicate the overall impact of treatments.
As well as monitoring the impact of changes to symptoms on
community participation, it can also capture the broader impact
of the treatment itself. Qualitative investigation of the impact
of PD and its treatments has indicated, for example, that
medications requiring a strictly timed regime can result in
surrendering of valued activities and roles because leaving the
house needs to be arranged around medication requirements
[25]. Also, intensive rehabilitation programs requiring frequent
hospital-based attendance may affect patterns of Lifespace.
Monitoring Lifespace may therefore serve to give an overall
indication of the progression and nature of symptoms,
complications, and impacts of treatment, and impact on the
family and community as awhole.

Historically, Lifespace has been measured by self-report, or in
an ingtitutional setting, as reported by a staff member [1,4,5].
It has been operationalized using: (1) distancestravelled, either
as a direct measurement or as zones (eg, local neighborhood),
(2) the frequency of travel to these destinations over the
nominated period of time (eg, two weeks), and, if the focusis
on independence in mobility, (3) the requirement of mobility
devices or assistance from another person [1,4]. Accurately
recalling and noting episodes of leaving the home over the

http://mhealth.jmir.org/2014/1/e13/
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period of aweek or longer can be effortful and inaccurate, and,
like all measures using self-report, can also potentialy be
affected by a social desirability bias [23,26]. In a study of
community walking involving 50 people with PD, findings
indicated that when asked to report their community mobility,
64% substantially overestimated and 10% substantially
underestimated their community walking compared to
accelerometer recorded walking [23]. An autonomous option
for measuring community mobility istherefore warranted. The
use of technology to measure Lifespace is an area of recent
attention in the gerontology and health literature [2,26,27]. As
global positioning system (GPS) sensors are avail able on most
smartphones, and these are arelatively inexpensive and accepted
form of technology, their potential use in monitoring Lifespace
isbeing explored with different groups, for example, reference

2.

This study aims to examine whether GPS data collected
passively on a smartphone can be used to give an indication of
the Lifespace of people with PD. Using the available sample,
the specific aims were: (1) to investigate whether Lifespace
measured using GPS data could differentiate between people
with PD and the control group, and (2) to explore whether
symptom severity in PD relatesto Lifespace measured by GPS.

Methods

Sour ce of the Data

Data used in the preparation of this article were obtained from
the Michael J Fox Foundation Data Challenge [28].

Information sheets were provided to and informed consent was
obtained from all participants. Ethical approval was obtained
from the Massachusetts | nstitute of Technology Committee on
the Use of Humans as Experimental Subjects (Approval number
1105004497) and The University of Queensland Medical
Research Ethics Committee (Approva number 2013001470).
Participants were a convenience sample of people living in the
community who had PD, or were a control participant
approximately age and gender matched to the PD group.
Participants were made aware of the study through Parkinson’s
disease support and research related networks and snowball
sampling was used. Participants needed to be able to manage
the smartphone and a custom built Android application (App)
interms of charging the device and turning the App on and off.
Participants with PD needed to have been diagnosed for at least
one year. Participants were provided with an Android
smartphone and written instructions about how to usethedevice,
and were requested to carry it on their person for at least 4-6
hours per day (acharge cycle) over aperiod of at least 8 weeks.
Participants were al so requested to charge the device overnight,
then at the beginning of the day, turn on the device and the App,
and conduct their normal regular activities. When the phone
battery was low on power, the phone would vibrate and the
participants were asked to recharge it. They were asked not to
use the device when they were asleep, bathing, or swimming.
The technology used to record from the sensors employed a
custom built Android App that utilized the embedded sensors
on the device. Data were streamed to a Web-based server via
the Internet. Basic demographic information was collected from

JMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 |e13 | p.142
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

all participants, and participants with PD also completed and
returned a questionnaire containing two partial subscales of the
self-report section of the Unified Parkinson’s Disease Rating
Scale (UPDRYS) indicating the impact of motor and nonmotor
symptoms on experiences of daily living at the beginning and
end of the data collection period [29]. The data were collected
between December 2011 and March 2012. Higher scoresonthe
UPDRS indicate a greater impairment/disability for the
participant. Included on the UPDRS were four nonmotor items
(eg, cognition and apathy) and 13 motor items (eg, freezing of
gait, difficulty with swallowing). Partici pants noted the presence
and severity of these symptoms on afive point scale, with higher
scores indicating more severe symptoms. The sensors on the
phone collected arange of dataincluding audio, accel erometry,
and GPS. GPS data were collected while the phone was on and
GPS signa was available. Only GPS data were used in the
analyses reported in this study.

Global Positioning System Data

GPS sensor readings were available as part of the large dataset
and were arranged by participant. The GPS dataset provided
the longitude and latitude coordinates in one second intervals
with corresponding time and date stamps. Initial analysisof this
data involved plotting the individual points in the form of a
two-dimensional scatter plot where the x- and y-axes were the
respective latitude and longitude scales [30]. Further analysis
involved creating visual representations of the Lifespace of
participants over the data collection period and creating metrics
of Lifespace. These metrics included the furthest distance
travelled, mean daily distance, percentage of recorded time at
home, and the frequency of trips to-and-from-home. The GPS
data were treated as a time-series data. The distance from the
home to a particular GPS (latitude, longitude) point was
computed using the Haversineformula. Thisformulacomputes
the distance between two points described by a latitude and
longitude coordinate, time and date stamps were then used to
caculate daily distances. The metrics either relied on the
complete GPS dataset, or data that was segregated into days.
“Home” was established mathematically asthe statistical mode
of recorded latitude and longitude points (ie, the longitude and
latitude coordinates at which the most time was recorded). No
information about the actual home address of participants was
available to validate this approach. Due to limitations in the
accuracy of GPS data, being at home was operationalized as
being within 500 meters of the mathematically established home.
To compute the frequency of trips to-and-from-home metric, a
mathematical model referred to as finite-state machine (FSM)

Table 1. Demographic characteristics of participants.
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was implemented in the Python programming language. This
model was defined as having two possible states: (1) subject is
a home (SH), and (2) subject is not a home (SNH),
transitioning between each state was determined by the
corresponding GPS data. For each participant, the model stepped
through each GPS coordinate, if the subject was seen to be more
than 500 meters from their designated home and the current
state of the FSM was set to SH, the FSM transitioned to a SNH
state, and the date and time stamp of the current GPS recorded.
Conversely, if the current state of the FSM is SNH, and the
subject is observed to be less than 500 meters from home, the
FSM transitions to a SH state, and the time and date stamp
recorded. To minimize false trips that may be an artifact of the
inaccurate GPS data, trips measuring lessthan 15 minuteswere
ignored.

The Lifespaces of participantswith PD and control participants
were compared visually and statistically. Participants with PD
were then ordered according to reported symptom severity and
Lifespace metrics, and visually examined. Due to the small
sample size, nonparametric statistics were used. STATA
software (version 12SE) was used for these datistical
comparisons.

Results

Participant Data

Data were available from 9 participants with PD and 7 control
participants. Participants lived within two states in the United
States, Maine (14) and California (2). There were 12 that lived
in metropolitan areas, and 4 lived in semirural regions. A
summary of the basic demographic information and amount of
data for each group is in Table 1. In the control group, 3
participants reported no health conditions, and 4 reported health
conditions including endocrine and cardiac conditions. There
were 5 of the participants with PD that reported no
comorbidities, with the remaining 4 reporting between one and
three comorbid conditions including cardiac, oncological,
opthalmological, and renal conditions. The 9 participants with
PD reported amedian of 9 years since diagnosis, ranging from
2 yearsto 20 years. Initial scores on impact of motor symptoms
ranged from 5 to 23 (median 9) out of a possible 39, and for
nonmotor ranged from 0 to 6 (median 2) out of a possible 12.
Scores at the end of the data collection period stayed reasonably
stable, with 1 participant not completing thismeasure, and only
2 participants showing a change greater than one point (in both
cases, a decrease in symptoms).

n Age years, median, (IQR? Gender, n (%) mae Days recorded median, (IQR)
PD group 9 55 (55-65) 9(78) 40 (20-64)
Control group 7 57 (53-77) 5(71) 22 (13-47)

3 QR= interquartile range

Limitations of the Glabal Positioning System Data

Examination of the data revealed that the time periods
represented in the dataset (days and times of day when the phone
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collected data) were not consistent, and also did not cover the
full day (see Figure 2 shows the recording times). This should
be taken into account when considering the data. Information
about neighborhoods and zones, as they related to participants,
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was not available, and neither was the amount and type of
assistance required for community trips. Information about
in-home mobility was also not available due to the insufficient
accuracy of the GPS sensor to give reliable results. GPS
accuracy is dependent on the receiver sensitivity, the size of the
antenna, the number of scattering objects between the GPS
transmitter and the smartphone, and the number of visible,

Liddieet al

operating GPS satellites. Although the Android operating system
is capable of recording accuracy, this was not recorded in the
provided dataset. Experiments performed by the authors showed
GPS error is significant when used indoors, and thus, the
inferred information about in-home mobility is likely very
limited.

Figure 2. Recording periods of a participant. (Participant 3, Parkinson's disease, Aged 57).
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Lifespace Comparisons of Participants With
Par kinson’s Disease and the Control Group

Figure 3 showsthe visual representations of Lifespace that were
created using scatterplots of the mean-subtracted latitude and
longitude. To ensure the privacy of participants, scatterplots
were produced using the mean-subtracted latitude and longitude
coordinates rather than the raw values. The visud
representationsindicated that the control group was reasonably
diverse in its Lifespace patterns. The Lifespace metrics were

Table 2. Comparison of Lifespace of PD group and control group.

02-25-2012

also compared between groups in Table 2. Daily Lifespace
heatmaps were made for a member of each group, and the
progression was visually compared (see Multimedia Appendix
1). An example heatmap, using local GPS based Lifespace data
transposed into another location (in Shanghai), illustrates the
nature of Lifespace heatmaps (Figure 4 shows this heatmap).
Statistical testing using a Mann-Whitney U test indicated no
significant difference between the Lifespace metrics for the
control group and the PD group.

Median maximum distance

Median daily average distance

% of time at home, Median of average number of

(km), (IQRY (km), (IQR) (IQR) trips each week, (IQR)
PD group 67 (27-664) 10 (8-17) 56 (27-66) 6.07 (5.25-8.96)
Control group 215 (23-1056) 12.5 (7-14) 42 (26-58) 3.97 (3.50-7.89)
Statistical comparison  z=0.05 z=0.21 z=0.85 z=1.32

P=.96 P=.83 P=.40 P=.19

% QR= interquartile range
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Figure 3. Scatterplots of Lifespace over recording period-Participants in Parkinson's disease and control groups in order of age.
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Figure4. Illustrative heatmap of Global Positioning System (GPS) based Lifespace for the period of 1 week.
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Figure5. Symptom severity and Lifespace metrics for participants with PD.
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Discussion

Global Positioning System Data From Smartphones
Can Indicate Lifespace

This study indicated that Lifespace might provide an objective
outcome measure embedded in the person’s local context that
is useful for monitoring the lived community access and
participation of people with PD. This study used a released
dataset to explore whether Lifespace could be meaningfully
identified and analyzed from passively collected GPS datafrom
smartphones. As a proof of principle, the findings of this study
indicate that GPS data can be analyzed to give visual
representations, metrics, and may relate to the self-reported
severity of PD symptoms.

Lifespace Metrics

The Lifespace metrics showed expected trends for people with
more symptoms spending additional time at home and travelling
shorter distances, indicating amore constricted Lifespace. This
finding is also supported by other studies that investigated the
Lifespace of older people, and indicated the strong impact of
movement disorders such as PD on Lifespace outcomes, for
example, references [9,14].

The use of passively measured Lifespace data to monitor
outcomes for PD may have a number of applications. As has
been donein establishing early or prodromal periodsin cognitive
impairment, for example, reference[15], monitoring Lifespace
may help to better understand and predict the onset and course
of PD. Another application may be in investigating the impact
and effectiveness of interventionsfor PD. Medical and surgical
treatments for PD have often been monitored at the symptom
or symptom-related quality of lifelevel, for example, reference
[28], but they can have broader impacts on participation. Some
recent published trials and reviews of rehabilitation programs
for PD have suggested the need for measurement of lived
outcomesin away that isnot arduous for participants who may
have cognitive and physical impairments [24,31].

No Statistical Differencesin Lifespace Between
Parkinson’s Disease and Control

The current study indicated that people with PD could not be
statistically differentiated from approximately age and gender
matched controls on the basis of Lifespace alone. Thisisnot a
surprising finding as Lifespace is not an illness or symptom
specific measure and can be affected by numerous characteristics
of the person, their environment, and the supports that are
availableto them. The control group dataindicated quite varied
Lifespace metrics. Other Lifespace studies have indicated the
impact of ageing, for example, reference [5], illnesses, for
example, reference [32], different forms of treatment [7], and
life roles including caregiving, for example, reference [19] in
creating a restricted Lifespace. Based on this, it seems likely
that a heterogeneous group like the control group would have
diverse Lifespaces. It should a so be noted that the control group
appeared quite different from the PD group in how much data
they recorded. The PD group choseto have their phones actively
recording for more days and longer periods than the control
group. Thispossibly reflects greater interest or higher motivation

http://mhealth.jmir.org/2014/1/e13/

Liddieet al

on the behalf of the participants with PD, due to the focus of
the study. Due to the potential bias towards active parts of the
day or week, the Lifespace findings from the recorded periods
cannot be directly extrapolated into the nonrecorded time
periods, and as such, cannot be easily compared across groups
with different amounts of data collected (such as the control

group).
Established and New Waysto Report Lifespace

This study combined established and new ways to report
Lifespace. The most commonly used metric for reporting
Lifespace requires cal culating a score based on frequency and
assistance required for movement within specified zones (eg,
home, local neighborhood), for example, reference [1]. This
information was not available from the shared dataset, so this
score could not be approximated. Because of this, different
metrics and visual methods of representing Lifespace were
therefore devel oped. The approach for creating scatterplots of
latitude and longitude coordinates used in the current study has
been previously used in exploring GPS data to give insights
into Lifespace, for example, reference [33]. The other metrics
analyzing GPS data mathematically to determine the location
of “home”, relate time spent away from this location, and trips
away from this location were new developments in Lifespace
research. Future research should explore the validity of this
metric, comparing it to established methods of measuring time
use and Lifespace.

A Comparison of Study Findings

A comparison of the findings of the current study can be made
with Lifespace and time use studies. Xue et a [15] used a
categorization of Lifespace restriction over aweek, severe (never
leaving home), moderate (leaving home, but never leaving the
neighborhood), dight (fewer than four trips away from the
neighborhood), and no restriction (leaving the neighborhood
more than four times). While neighborhood zones could not be
established from the GPS datain the current study, it ispossible
that some participantswere moderately restricted, some dightly
restricted, and otherswould show no restriction. No participants
recorded zero episodes of leaving home. Time use studies use
self-reported time diaries to account for how time is spent over
aweek. A study of 195 older community-dwelling people in
Australia, which was validated against the national time use
statistics, found that, when measured over aweek, older people
spent about 85% of their time at home, and recorded eight
episodes of leaving the home [32]. Thefindingsfrom the current
study show much higher proportions of time spent out of home
and fewer trips, but this is likely to reflect the different
participant groups and methodology. The current study did not
record over a full day, instead, recording for a single charge
cycle when participants turned on the phone. As participants
chose when and how often to switch the smartphones on, this
is likely to affect the comparative representativeness of the
Lifespace data. It is possible that people were more likely to
switch on the smartphone when they were going out, and
therefore the percentage of recorded time spent at home reflects
this more active portion of their life. Future studies, using a
more set recording protocol, will enable this comparison to be
explored more fully. Further investigation will also be needed
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to compare the smartphone-based method of recording Lifespace
with validated approaches for measuring Lifespace and time
use.

Participants and Transferrability

The use of a shared database, which provided limited
information about the process of recruitment or the demographic
information about the small number of participants, means that
it is difficult to establish whether the findings from this study
would betransferrableto other contexts. Asaproof of principle,
it seemed reasonabl e that the parti ci pants represented the genera
age range and gender profile as larger studies of
community-based peoplewith PD, for example, reference[34].
They represented a range of severity of PD, and the length of
disease varied between parti cipants, indicating that this approach
may be useful throughout the duration of the disease for
community-dwelling people with PD.

Using Smartphonesto M easure Lifespace via Global
Positioning System Data

The use of a smartphone App to passively measure GPS is a
promising approach for measurement of Lifespace. Although
it could be argued that dedicated GPS loggers would provide
for more accurate GPS recording due to their dedicated
electronics and longer battery life, the ubiquitous nature of
smartphones makesthis an accessible and acceptabl e technol ogy
to consumers. Their inclusion of other sensors within the
smartphone such as accelerometer, gyroscope, and compass,
that can be used in future work, makes the choice of
smartphones asthe datalogger of choice more appealing. Local
testing using the GPS logger on atypical smartphone indicated
that it has negligible effect on the battery status and the operation
of the phone.

Limitations and Future Directions

This study aimed to provide a proof of principle that GPS data
collected passively via smartphones could be used to indicate
the Lifespace of people with PD. It also enabled exploration of
the limitations and issues encountered in measuring Lifespace
viaGPS in aclinical population. Some recommendations for
future directions have been made (Figure 6 shows the
recommendations). Despite the potential usefulnessof Lifespace
for monitoring the community engagement of this population,
anumber of limitations in the current study are discussed with
particular reference asto how they might be overcomein future
research. Aswell asusing asmall convenience samplethat may
not be representative, insufficient information was available
about the objective health of or context (eg, local community
resources, geography, climate) for participants, which may all
be expected to influence Lifespace. The actua location of home
could also not be verified. In addition, there was not aconsistent
protocol followed in terms of times when the smartphone
collected data. Thismay affect the validity of the collected data
in reflecting the lived experience and in enabling meaningful
comparison between participants. The Lifespace metrics could
not be validated against self-report measures of Lifespace due
to limited information about in-home mobility, assistance
required for community mobility, and reasons for and
satisfaction with community travel. While the use of a partial
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section of the UPDRS which utilized self-report of symptoms
rather than clinical evaluation reduced participant burden and
study costs through not requiring clinical assessments, itisalso
likely to be lessvalid than afull clinical evaluation.

A further limitation of this approach was in the provision of
GPS data in latitude and longitude coordinates. While this
approach enabled accurate measuring of participants
movements, it also revealed their locations at home and in
community destinations. Care needs to be taken in collecting
and sharing data of this nature or in clarifying with participants
the type and detail of data collected. In the current study, the
anonymity of participantswas preserved in presenting the results
via the calculation and reporting of mean-subtracted latitude
and longitude. In recording GPS positions, having information
about position accuracy is important. The accuracy of the
reported latitude and longitude values can vary depending on
the number of GPS satellites visible by the sensor, whether the
sensor is located indoors or outdoors, ambiguities due to
atmospheric changes, and interfering signals. Although the
Android operating system has the capability of determining the
accuracy of the GPS reading, this was not recorded and thisis
alimitation of the current data. To account for this, a cautious
threshold of 500 metersfor determining whether the person was
at home was set. However, assuming the GPS sensor was|ocated
outdoors, it was quite likely to obtain an average accuracy of
approximately 10 meters based on testing completed by the
authors. Future research should record GPS accuracy to enable
more valid assumptions to be made. A consequence of GPS
logging is the invasion of privacy. It is expected that not all
consumers or research participants would be comfortable with
this. As an alternative, it is possible to log the current cellular
tower to which the participant's phone is connected. While this
would give coarser information on subject location and travels,
it would be less intrusive and not rely on the embedded GPS
sensor. The measurement of Lifespaceisalso complicated when
participants are indoors, asthe accuracy of reported | atitude and
longitude values degrades in this setting, as described earlier.
Futurework could include the use of low energy (or low power)
Bluetooth beacons for more accurate indoor monitoring. We
believe this will be a low cost approach and allow the
smartphone to become the primary Lifespace recording device.

Future research can expand on this work through the
investigation of the Lifespace of a larger group of
community-dwelling peoplewith PD and the collection of more
objective baseline data about their health and local context. In
addition, subjective information about their trips (eg, purpose
of trip, satisfaction) could aso be collected. More consistent
recording of Lifespace could be enabled through the use of
specific recording protocolsthat detail the time and duration of
smartphone use. The use of smartphones could be further
developed to enabl e better monitoring of in-home mobility and
protection of the privacy of participants by allowing them to
opt in and out of data collection, and converting data to a
different form for analysis and sharing. The validity of the
Lifespace metrics could be compared to established measures
of Lifespace, time use and participation. Future research could
also investigate the relationship between Lifespace and other
outcomes for people with PD including presence of particular
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symptoms, mood, activity participation, and quality of life. The
relevance of Lifespace as a measure of the effectiveness of

Figure 6. Futuredirectionsfor use of GPS to measure Lifespace.

Liddieet al

therapeutic interventions should be further explored.

participants is required.

value.

Lifespace information.

is recommended.

metrics.

Optimizing future Lifespace measurement using GPS

1. Individual and environmental context is important.
- Collection of sufficient clinical and environmental information about

- Gaining participant input via the device or other means on
neighborhood zones, destinations, and assistance used may add

2. Consideration of the privacy of participants is essential.
- Informed consent needs to clarify the nature of geolocation data.
- In-phone analysis of GPS data may enable privacy while collecting

3. Consistent use of the device is necessary.
- Provision of clear protocols is recommended.
- Recording and comparison of the actual use is recommended.
- Further qualitative research to understand why protocols are not
followed, or followed differently by different groups, is indicated.
4. Validation of GPS based Lifespace against self-reported measures of Lifespace

- Is GPS measuring the same construct as self-reported Lifespace?
- Verification of home and close to home trips will enhance validity of

5. In-home aspects of Lifespace require additional information.
- Use of low energy Bluetooth beacons may enable more accurate in-
home mobility to be monitored.

Conclusions

This study provides a proof of principle that Lifespace is a
relevant concept for monitoring the community access of people
with Parkinson’s disease. Further, it can be collected passively
through smartphones. While the Lifespace data collected over
aperiod of two monthsdid not statistically differentiate between
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between the severity of reported PD symptoms and Lifespace.
Measuring Lifespace using GPS-enabled smartphones may be
an economical and user friendly option to measure the
community access and participation of people with PD, but
further research within a more robust experimental design is
required.

We acknowledge the Michael J Fox Foundation in sharing its dataset as part of the Michael J Fox Foundation Data Challenge.
The authors prepared a broader response to the challenge that is summarized in a video presentation (see Multimedia Appendix
2), which includes some of the findings reported in this manuscript.

Conflictsof I nterest
Conflicts of Interest: None declared.

http://mhealth.jmir.org/2014/1/e13/

JMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 [e13 | p.149
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Liddleet a

Multimedia Appendix 1
Video comparing daily Lifespace of a participant with PD and a control participant.

[MP4 File (MP4 Video), 401KB - mhealth_v2i1e13_appl.mp4 ]

Multimedia Appendix 2
Authors' broad video response to the Michael J Fox Foundation Data Challenge.

[M4V File, 66MB - mhealth_v2ilel3 app2.m4v ]
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Abstract

Background: Smartphone use is growing worldwide. While hundreds of smoking cessation apps are currently available in the
app stores, there is no information about who uses them. Smartphones also offer potential as a research tool, but this has not
previously been explored.

Objective: Thisstudy aimsto measure and compare the uptake of a smoking cessation app over oneyear in Australia, the United
Kingdom, and the United States. It also assesses the feasibility of conducting research via an app, describing respondents’
characteristics (demographics, smoking status, and other health related app use), and examining differences across countries.

Methods: Thisis a cross-sectiona exploratory study of adults 18 years and older, passively recruited over one year in 2012,
who downloaded this study app (Quit Advisor) viathe two largest app stores (Apple and Android).

Results. Thetotal number of app downloads after oneyear was 1751, 72.98% (1278/1751) of them were Apple operation system
users. Of these 1751 participants, 47.68% (835/1751) were from the United States, 29.18% (511/1751) were from the United
Kingdom, and 16.68% (292/1751) were from Australia. There were 602 participants, 36.75% (602/1638) that completed a
guestionnaire within the app. Of these 602 participants, 58.8% (354/602) were femal e and the mean age was 32 years. Therewere
no significant differences between countries in terms of age, operation system used, number of quitting attempts, and language
spoken at home. However, there were significant differences between countries in terms of gender and stage of change. There
were 77.2% (465/602) of the respondents that were ready to quit in the next 30 days and the majority of these had never sought
professional help (eg, “Quitling”). More than half had downloaded smoking cessation appsin the past and of these, three-quarters
had made quitting attempts (lasted at least 24 hours) using an app before. Respondents who had attempted to quit three times or
more in the previous year were more likely to have tried smoking cessation apps (OR 3.3, 95% Cl 2.1-5.2). There were 50.2%
(302/602) of the respondents that had used other health related apps before. Of these, 89.4% (270/302) were using health related
apps at least once aweek, but 77.5% (234/302) never checked the credibility of the health app publishers before downloading.

Conclusions: A smartphone app was able to reach smokers across three countries that were not seeking professional help, but
were ready to quit within the next 30 days. Respondents were relatively young and almost demographically similar across all
three countries. They also frequently used other health related apps, mostly without checking the credibility of their publishers.

(JMIR Mhealth Uhealth 2014;2(1):e4) doi:10.2196/mhealth.2841

KEYWORDS

smartphone; handheld computers; health promotion; tobacco and smoking; global health; prevention; apps; health Informatics;
public health
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Introduction

Smartphones and Apps

A smartphone is a mobile phone handset with advanced
hardware and software capabilities that enable it to perform
complex functions [1]. Consumers can utilize the advanced
functionalities of smartphones and download applications (apps)
from app stores. These apps are as capable as those that can be
run on laptops, and can replace them in most functions, such as
Web browsing, document processing, video and music playing,
and task management. The smartphones’ portability makes apps
available to consumers anytime and anywhere, which saves
time and offers more privacy and anonymity. Such proximity
to the consumer givesthe smartphone great potential asahealth
promotion tool.

By the end of 2012, smartphone ownership accounted for 76%
of all mobile phone handsetsin Austraia[2], 39% in the United
Kingdom [3], and 55.5% in the United States [4]. The Android
operating system (OS) and Apple OS devices dominate these
uptake rates[2,4,5]. However, Android smartphone ownership
is almost double that of Apple OS devices in both the United
Kingdom and the United States [4,5].

App stores are not ordinary Web-based stores. They attract
millions of users who seek apps for their smartphones. The
largest are the Google Play (previously known as the Android
Market) and the Apple App Store. In 2009, after nine months
in business, the Apple App Store had upl oaded one billion apps
toitsusers[6]. In 2012, Apple users had downloaded 40 hillion
apps, up from 15 hillion in 2011 [7,8]. Android users
downloaded 25 billion appsin 2012, up from 10 billionin 2011
[9,10]. The app stores also allow the app owner to select which
countries they want their app released in, allowing only users
in those countries to see the app and download it. This offers
an opportunity for researchers to explore the efficiency or
effectiveness of heath apps in a selected country without
contaminating the results from users from other areas of the
world. However, the accuracy of such function has never been
tested before.

Smartphones and Smoking Cessation Programs
Delivery

The most widely used self-help smoking cessation program
delivery method is printed documents[11,12]. However, printed
self-help materials have disadvantages such as printing costs,
limited distribution, lack of interactivity, and arelimited in their
ability to tailor for individual needs [11,12]. By contrast,
computerized smoking cessation interventions eliminate printing
costs, make updating easier, and can include interactivity and
tailored intervention features[13,14]. Updating them, however,
requires the user to download updates from the Internet, CD,
or other computer media. The only advantage of computer-based
interventions over Internet-based interventionsisthat computers
do not require an Internet connection. Internet-based smoking
cessation i nterventions have the advantages of anonymousonline
chat groups, bulletin discussion boards, and email, where health
consumers can discuss sensitive personal health issues more
comfortably than they can face-to-facein self-help groups[15].

http://mhealth.jmir.org/2014/1/e4/
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The smartphone apps bring together the advantages of
computer-based and Internet-based smoking cessation
interventions. They also overcometheir limitations. When there
is no Internet connection, the user can still benefit from the
computational interactive function and static information inthe
apps. The apps can host al kinds of multimedia, such as static
and interactiverich-text, pictures, audio and video, and get more
content when there is an Internet connection, without any user
effort. Smartphone apps can also aid interactive self-monitoring
by letting users add data about their health in various ways,
including question and answer forms, text writing, and audio
or video recordings. The apps can process, organize, and graph
this self-monitoring datato hel p users understand their progress.
Using this data can help the usersin every step of their quitting
journey, providing text information about quitting, letting them
see how many daysthey are nicotine-free, providing diariesfor
their quitting attempts and craving triggers, and sending them
reminders and motivational messages.

Dozens of smoking cessation apps are in smartphone stores,
some with exaggerated claims of effectiveness[16]. No studies
have yet assessed their uptake or their feasibility to be used as
an intervention as well as a research tool. Protocols of
randomized controlled trials to examine the effectiveness of
smartphone appsto assist smokersin their quitting are emerging.
A recent published protocol will examine a health care
professional consultation plus smartphone app versusastandard
counseling in participantsrecruited at primary care centerswith
6 months follow up [17]. The study has not mentioned the OS
that will be utilized [17]. Furthermore, another trial protocol by
the authors will examine the effectiveness of an interactive
smoking cessation self-help app versus standard smoking
cessation information (including information about smoking
consequences, quitting options, etc) that will be provided viaa
smartphone app [18]. The participantswill berecruited directly
from the Apple app store via one app that after identifying
eligibility will randomize the participants to one of the subapps
and follow their quitting attempt at 4 time points (10 days, 1
month, 3 months, and 6 months) [18]. Both studies are
examining various waysto utilize smartphone appsin smoking
cessation assistance and via different recruitment methods
[17,18]. Pending the results of these two studies, more
information is needed about the actual users of smoking
cessation apps to help in customizing future interventions to
target these users and to assess the feasibility of using
smartphonesto collect data. In addition, moreinformation about
smoking cessation apps uptake and users' demographics in
different OSs will help future research decide which systems
to target.

In 2011, a study analyzed the content of 47 smoking cessation
apps in the Apple App Store and found most of them were not
evidence-based, particularly the most popular ones. Very few
provided information about nicotine replacement or other
effective quitting methods[ 16]. In addition, harmful prosmoking
apps have found their way onto the market. In a recent paper,
weidentified 107 prosmoking apps; 42 were from the Android
Market and downloaded by an average of 11 million users[1].
Some of those apps claim they can help people quit smoking
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[1]. Therefore, efforts are needed to bring evidence-based
smoking cessation materials into this new medium.

Very little is known about app users or the ability of app stores
to reach smokers. Thus, before examining the effectiveness of
smoking cessation apps, we must know as much aswe can about
their potential users.

This exploratory study examined the feasibility of a free
smoking cessation smartphone app devel oped for this study and
published in the Apple App Store and Android Market to reach
smokers. The study was designed to: (1) measure and compare
the uptake of asmoking cessation app over oneyear in Australia,
the United Kingdom, and the United States; (2) assess the
feasibility of the smartphone as a research tool describing
respondents’ characteristics (demographics, smoking status,
and other health related app use); (3) examine differences
between respondents from each country; and (4) investigate the
association between smoking status and smokers use of
smoking cessation apps.

Figure 1. Screenshots of the study app.
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App Design and Data Collection

QA is a smartphone app developed specifically for this study.
It contains two major parts: (1) evidence-based information
about smoking cessation, and (2) a questionnaire. The
guestionnaire collected data about demographics, smoking
behavior, and nicotine dependency using the Fagerstrom scale
[19], stage of change[20,21], previous use of smoking cessation
apps, and genera use of health related apps. When the user
opened the app for thefirst time, it extracted the unique device
identifier, encrypted it, and registered the user in the study’s
database. This allowed anonymous data collection, eliminated
the need for registration, and prevented duplication, as each
device has only one chance of being in our records, even if the
user reinstallsthe app or the OS. The app’sfirst section, “Home”
(Figure 1), contained information such as health effects of
smoking and quitting options collected from recent research
and health reports. The average level of the information on the
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Methods

Design and Recruitment

This is a descriptive, cross-sectional, exploratory study of a
convenience sample of adults 18 years and older, passively
recruited over one year, who downloaded Quit Advisor (QA)
via the app stores. As part of this study, we developed a free
smartphone smoking cessation app (QA) and released it in the
Apple and Android stores in Austraia, the United States, and
the United Kingdom in April 2012. Consumers in those stores
and countries downloaded the app after viewing the study
information and consent. The app page summarized consent
information before download and we also included it in the
terms of use agreement. We also included the consent form and
participant information sheet inside the app “About” section so
users can get back to it easily (Figure 1 shows a screenshot of

the study app).
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Flesch-Kincaid readability test was 8th grade (age 14). Any
time the user opened a category, the app sent the time and date
of each view to the Web-based database as soon as an Internet
connection was available. At the end of each category there
was. (1) areferencelist, and (2) an optional Likert-scale question
to rate the motivational effect of the provided information in
each category. In the second section, “My Score” (Figure 1),
users completed the questionnaire. After submitting it, they
received feedback about their nicotine dependency. Answers
automatically went to the study’s database. Participants could
only submit the questionnaire once, even if they deleted and
reinstalled the app. Participants could not submit the
guestionnaire without completing al questions. The app was
pretested by a group of usersin various situations to assure the
accuracy of the transferred data, and to test the other app
functions such as country detection. In addition, to minimize
the possibility of some users installing the app on more than
onedevice, we haveimplemented a server-side | nternet Protocol
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(IP) monitoring that can identify the users that use different
devices connected to the same Internet network at similar times.
Although this function was pretested successfully, no cases
were identified during the data collection. Finally, because the
app stores accuracy of limiting the app to specific countriesis
unknown, we have implemented a location identification
function to know the users country the first time they open the

app.

Analysis

Descriptive analysis was used to assess the uptake of the app
and the characteristics of the users’ ratings of the information
categories. Bivariate analysis (chi-square and one way analysis
of variance) helped examine the differences between countries
in terms of user characteristics. Logistic regression controlling
for demographics (age, gender, country, and education level)
was used to investigate variables rel ated to prior use of smoking
cessation apps and the effect of app type on quit attempts.

Results

Uptake

Figure 2 shows, in one year, 1751 users downloaded the app
from both stores, 72.98% (1278/1751) from the Apple Store
and 27.01% (473/1751) from the Android Market. Of those
1751, 47.68% (835/1751) were from the United States, 29.18%
(511/1751) from the United Kingdom, 16.68% (292/1751) from
Australia, and 6.45% (113/1751) from other countries. The
lowest Android download ratewasin Australiaat 9.7% (46/473),
compared with 19.25% (246/1278) for Apple OS. After
excluding users who submitted the questionnaire from other
countries, 602 had submitted it, with an overall response rate
of 36.75% (602/1638). The highest response rate was 44.8%
(131/292), from Australia.

Participants Characteristics

Of those 602 who submitted the questionnaire, 50.0% (301/602)
were from the United States, 28.2% (170/602) from the United
Kingdom, and 21.8% (131/602) from Australia. The majority
of participants 76.4% (460/602) were using Apple devices. The
participants’ mean age was 32 and the median 31 years (18-67).
Female participants outnumbered males by 17.6% (106/602).
The most common level of education reported was “High

School” A chi-squared (x?) test showed a significant
education-level difference between countries (Table 1).
Countries differed significantly in gender distribution, with
women only outnumbering men in the United States. After
assuring the homogeneity of variance a one-way analysis of
variance revealed no significant differences between countries
in terms of age—F; 5o;= 2.6, P=.07. Furthermore, there were no
significant differences between countries in term of language
spoken at home and OS used.

Smoking Status

The Fagerstrom scale puts 44.5% (268/602) of the participants
at alow or very low nicotine dependency, and 55.5% (334/602)
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at amedium to very high nicotine dependency (Table 1). After
assuring the homogeneity of variance, a one-way analysis of
variance revealed significant national differences in nicotine
dependency scores, F,gy,=4.4, P=.01. Post hoc comparisons
using Tukey's HSD test indicated that the mean score for
Australia(mean 5.4, SD=2.4) was significantly higher than that
of the United States (mean 4.6, SD=2.4). UK participants (mean
4.7, SD=2.7) did not differ significantly from either Australian
or US participants.

Most participants 77.2% (465/602) were willing to quit in the
next 30 days (preparation stage of change), and most of them
67.6% (407/602) had attempted to quit at least once in the
previous year. A quitting attempt was defined as one that had
lasted at least 24 hours. There was a significant difference
between countries in terms of willingness to quit, but none in
terms of previous quitting attempts.

There were 88.7% (401/452) of participants that had not
contacted the “Quitline” services in their countries in the last

year, with no significant variation between countries x>=0.7,
P=.71. Moreover, 71.7% (324/452) of participants had not
contacted their health care professionals regarding quitting in
the last year. However, here there was a significant variation
X?=7.9, P=.019, with 38% (36/93) of Australian participants
contacting health professionals compared to 30.0% (36/120) in
the United Kingdom, and 23.4% (56/239) in the United States.

There were 54.5% (328/602) of the participants that had used
smoking cessation apps in the past, and the majority 75.6%
(248/328) had made a quitting attempt that lasted at least 24
hours using an app. There were no significant differences
between countriesin terms of using smoking cessation appsin
the past and making quitting attempts using those apps. There
were 33.0% (82/248) of those who made quitting attemptsusing
an app that had lasted more than one week abstaining from
smoking.

Three or more quit attempts in the past year were associated
with previous smoking cessation app use (OR 3.3, 95% ClI
2.1-5.2). Therewasasuggestion of adose-responserelationship
between the number of quit attempts and smoking cessation
app use with two or more attempts also being associated (OR
2.9, 95% Cl 11.8-4.7). In addition, difficulty to refrain from
smoking in banned areas was associated with the likelihood of
the participants trying smoking cessation apps (OR 1.5, 95%
Cl 1.0-2.1).

“Smoking counter” apps were the most frequently used,
followed by “motivation” apps (Table 2). We have investigated
if the use of any of these app types was associated with quitting
attempts, controlling for age, gender, country, and education
level. To do this, we asked users if they have used smoking
cessation apps previoudly, what type of apps they have used,
and if they tried to quit using these apps. We found an
association between “smoking counter” apps and participants
quitting attempts in the past (OR 2.2, 95% Cl 1.2-3.6).
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Figure 2. Flowchart of the recruitment process. The percentages were rounded up to the nearest whole.
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Apple Store & Android Market (n=1751).
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Table 1. Participants' characteristics by country (n=602).

BinDhim et al

Country Total )(2 P)
Characteristics AU n (%) UK n (%) usSn (%) n (%)
Age, mean (SD) (years) 33.2(9.9) 30.8(9.9) 32.6(10.2) 322(9.9 -
Sex 30.4(.001)
Female 65 (49.6) 79 (46.5) 210 (69.8) 354 (58.8)
Male 66 (50.4) 91 (53.5) 91 (30.2) 248 (41.2)
Education 28.7 (.001)
High school 73 (55.7) 67 (39.4) 161 (53.5) 301 (50.0)
Diploma/Associate 12 (9.2) 33(19.4) 57 (18.9) 102 (16.9)
Graduate (Bachelor) 21(16) 25 (14) 32 (10) 78 (13)
Master Degree or higher 5(@3) 5(2) 19 (6) 29 (4)
Others 20 (15) 40 (23) 32(10) 92 (15)
L anguage spoken at home 5.5 (.64)
English 117 (89.3) 157 (92.4) 287 (95.3) 561 (93.2)
Others (14 Languages) 14 (10) 13(7) 14 (4) 41 (6)
0s 3.7(.15)
Apple 105 (80.2) 135 (79.4) 220 (73.1) 460 (76.4)
Android 26 (19.8) 35 (20.6) 81 (26.9) 142 (23.6)
Nicotine dependency (Fager strém) 20.9 (.009)
Very low (0-2) 21(16.0) 39 (22.9) 64 (21.3) 124 (20.6)
Low (3-4) 23(17.6) 39 (22.9) 82(27.2) 144 (23.9)
Medium (5) 17 (13) 28 (16) 39 (13) 84 (14)
High (6-7) 43(32.8) 31(18.2) 82(27.2) 156 (25.9)
Very high (8-10) 27 (20) 33(19) 34 (11) 94 (15)
Stage of change 11.2 (.02)
Next 30 days (preparation) 93 (71.0) 125 (73.5) 247 (82.1) 465 (77.2)
Next 6 months (contemplation) 28 (21.4) 31(18.2) 45 (15.0) 104 (17.3)
Not thinking of quitting (precontem- 10 (7) 14 (8) 9 (3 33(5)
plation)
Number of quitting attemptslast year 4.9 (.55)
1time 35(26.7) 33(19.4) 56 (18.6) 124 (20.6)
2times 21(16.0) 36(21.2) 66 (21.9) 123 (20.4)
3or more 32(24.4) 46 (27.1) 82(27.2) 160 (26.6)
Never 43(32.8) 55 (32.4) 97 (32.2) 195 (32.4)
Used smoking cessation apps before? 1.4 (.48)
Yes 77 (58.8) 93 (54.7) 158 (52.5) 328 (54.5)
No 54 (41.2) 77 (45.3) 143 (47.5) 274 (45.5)
Made quitting attempt using an app? (n=328) 1.0 (.60)
Yes 56 (46.2) 74 (79.5) 118 (74.6) 248 (75.6)
No 21(53) 19 (20) 40 (25) 80 (24)
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Table 2. Number of participants who have used any type of smoking cessation appsin the past.

Made quitting attempt

Used by number of
Type of smoking cessation app participants® Yesn (%) No n (%) x2 P)
Smoking counters (eg, count 174 143 (82.2) 31(17.8) 7.9 (.005)
smoke free days or number of
smoked cigarattes)
Motivation (provide motivational 113 86 (76.1) 27 (23.9) 0.0 (.99)
messages)
Text information (providetextinfo 76 59 (77) 17 (22) 0.1(.75)
about smoking cessation)
Combination of different types 68 46 (67) 22 (32) 24(.12)
Hypnosis 51 42 (82) 9(17) 1.0 (.29)
8Some participants have used more than one app.
Participants Use of Other Health Related Apps Discussion

Half of our respondents 50.2% (302/602) had used other health
related appsin the past. Of these, 89.4% (270/302) were using
health related apps at least weekly and 21.2% (64/302) daily.
Participants were asked—* Have you ever checked the credibility
of the developer or publisher of the health apps that you are
currently using?’, and we found that 77.5% (234/302) of them
had never checked and there was no difference by country

(x?=0.3, P=.86). Of those who had used health related appsin
the past, 51.9% (157/302) used “ Diet and Weight M anagement”
apps, followed by 36.4% (110/302) “Training and Physical
Activity,” 31.7% (96/302) “ Health and M edication Information,”
23.2% (70/302) “Pregnancy and Ovulation Calculators and
Calendars,” and 19.5% (59/302) “Medication I ntake Reminder.”
Very few participants had used “Diabetes Management” and
“Asthma Control or Management” apps, 4.3% (13/302) and
3.3% (10/302) respectively.

Information Ratings

Few app usersrated theinformation, with most rating only some
sections. “ Smoking Consequences’ information received ratings
from 105 participants; with 75.2% (79/105) agreeing it had
motivated them to quit. “ Quitting Assistance Options” received
93 ratings; with 54% (51/93) agreeing it motivated them to quit,
and 8% (8/93) disagreeing. “Myth Busting” also received 93
ratings, 64% (60/93) agreeing and 10% (10/93) disagreeing.
“Before Quitting” received 87 ratings, with 70% (61/87)
agreeing, “After Quitting” received 85, with 89% (76/85)
agreeing. “After Quitting” and “Smoking Consegquences’
received the most positive responses, while“ Quitting Assistance
Options” received the least. However, the average number of
times participants looked at any information category was 5.4,

with no significant differences by country (x2 P=.85).
Chi-square analysis revealed a significant difference in stage
of change between participants who looked at the five
information categories, and those who did not (P=.03). Further
logistic regression anaysis controlling for age, gender,
education, country, and time of recruitment showed that being
in the “Preparation stage” or “Willing to quit in the next 30
days’ were associated with looking at all the information (OR
1.7,95% Cl 1.1-2.7).

http://mhealth.jmir.org/2014/1/e4/

Results Summary

In this study, 1638 participants from Australia, the United
Kingdom, and the United States downloaded a free smoking
cessation app over a 1-year period, and 36.75% (602/1638) of
them completed an in-app questionnaire. The majority of
respondents 77.2% (465/602) were willing to quit within the
next 30 days, and 67.6% (407/602) have tried to quit at least
once in the past year. Almost half had used smoking cessation
apps in the past, and most had never checked the credibility of
their health apps publisher. Most respondents never sought
“Quitling” help 88.7% (401/452), or health care professional
help 71.7% (324/452) in the last 12 months. Those who tried
to quit twice or more in the last year, and those who find it
difficult to refrain from smoking in banned areas, were more
likely users of smoking cessation appsin the past.

Number of App Downloads

In this study, we have examined the app uptake naturally without
external promotion, and this may explain the small number of
downloads over one year. In addition, the fact that smoking
prevalence in the included countries varies from 15% to 20%
with thelowest in Australia 15% [22] and highest in the United
Kingdom 20% [23]. Therefore, the app downloads might be
affected by the country population, prevalence of the condition,
and the smartphone uptake in each country. Moreover, apps can
also be affected by the app store rankings (where the apps are
ranked higher), resulting in more exposure, and consequently
more downloads [24].

Although the ownership of Android OS devicesistwicethat of
Apple devices, the uptake of this study app was more than 2
times less in the Android Market over the 12-month period.
Another study reported a low uptake of Android apps in the
United States, where only 45 partici pants downloaded the study
app during 2 months[25]. Interestingly, the study reported that
more than 100 email messages and phone calls were received
from Apple users showing interest in downloading the app
whenever it was available in the Apple App Store [25]. Thus,
even though Android OS users are double the Apple OS users,
due to the fact that some Android devices are very inexpensive
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compared to Apple devices, we assume that some Android users
are not recognizing it as a smartphone and are therefore not
interested in apps, or maybe they do recognize it, but just do
not have a need for the apps.

A number of users from other countries have been able to
download the app at 6.8% (32/473) in the Android Market and
5.56% (71/1278) in the Apple store. Future studies should not
take the app store function of limiting the app to a specific
country for granted, and they may have to implement extra
functions in the app to validate if the users are actually from
the countries of interest, for example, alocation identification
service to know the users’ country the first time they open the
app (as was used in this study). The ability of users from
countries outside of this study to download this study app might
be due to their using app store accounts registered for one of
the countries of interest, or some other users might be using a
proxy Internet connection that uses an I P of one of the countries
of interest in this study.

This study app was able to reach smokers in the countries
included in this study. Participants were similar in age and
number of previous quitting attempts, and most sought smoking
cessation help only in this new medium and not from
professionals. This might be dueto the app’seasier accessibility,
privacy, anonymity, and portability. However, the documented
low quality of smoking cessation apps, exaggerated claims of
effectiveness, and the large number of prosmoking apps that
claim smoking cessation, al hel p decrease these apps’ usefulness
and lead to failed quitting attempts. Although there were almost
75.6% (248/328) of participantswho had tried smoking cessation
appsinthe past to quit for good, only 33.0% (82/248) abstained
for more than one week, which might reflect the available apps’
low quality.

Number of Smoking Cessation Attempts

Previous quit attempts were associated with atwo-fold increase
in the use of smoking tracking cessation apps. Investigators
have not yet explored the reasons for this. However, it might
be dueto design, popularity, or smartphones’ constant proximity,
letting users monitor their progress anywhere and anytime[26],
reinforcing tracking'salready documented effectiveness[27-29].

A three-fold increase in smoking cessation app use was
associated with three or more quit attemptsin the previousyear.
This might be due to the documented positive relationship
between motivation to quit and number of quitting attempts
[30,31], and the number of previous quitting attempts as an
independent predictor of making a new quitting attempt [32].
In addition, respondents who found difficulty in refraining from
smoking in banned areas were approximately twice aslikely to
try smoking cessation apps. Thisfinding isconsistent with other
studies that found that smokers who lived or worked under a
smoking ban were more likely to report quitting attempts
[33,34].

Previous Health Apps Use

There were 50.2% (302/602) of participants that used health
related apps in the past, and of those, about 89.4% (270/302)
used them at least weekly, but 77.5% (234/302) never checked
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the credibility of the health app publisher. Although we have
not provided a specific definition of app “credibility” and relied
on the users' self-definition, this still poses a problem since
many studies indicate low reliability and quality in all health
related apps covering such topics as smoking [1,16], asthma
[35], cancer [36], and pain management [37]. Thus, thereisa
need for better, evidence-based health apps, and more
information about the quality of the current ones. App stores
might also cooperate with public heath institutions and
researchers to improve the quality of health related apps and
their reach.

Response Rate

The feasibility of using smartphones as a research tool shows
some promise with an unprompted response rate of 36.75%
(602/1638) to our in-app questionnaire, and response rates as
high as 44.9% (131/292) in Australia, and as low as 33.3%
(170/511) in the United Kingdom. However, the response rate
for rating the page content was very low and may be dueto the
fact that the page rating did not provide the users with feedback
aswas donein the questionnaire. A recent study explored using
personalized feedback as incentive to increase compliance in
Web-based questionnaires[38]. In addition, the variation in the
rating responses may be due to the design of the rating process,
as we have included the rating of each information page at the
end of it. Asking the participants to rate all the pages at once
after reading them all at once may eiminate the response
variation problem.

Study Limitations

This study also examined the feasibility of a new research
recruitment methodology. There are no data available to adjust
the nonrespondents or self-selection bias for such a study.
Moreover, one of the limitations of this study cross-sectional
methodology is the inability to identify the nonrespondents
characteristics. Although the sampling method of this
exploratory feasibility study was limited by selection bias, it
provides for the first time to our knowledge, some useful data
to suggest that smoking cessation apps are being used by people
who want to quit and may also be a feasible tool for smoking
cessation support and evaluation. Future studies could increase
the response rate by implementing a reminder function in the
app or use the push-notification services.

Conclusions

This exploratory feasibility study shows that smartphone apps
are a promising medium to reach smokers in Australia, the
United Kingdom, and the United States. The countries differed
littlein some demographics and smoking status. Current smokers
from the three countries, mostly ready to quit in the near future,
but eschewing professional help, have downloaded smoking
cessation appsin the past and tried using them to quit; however,
the low quality of apps in the field undermines these efforts.
Thus, this study has shown that smartphone smoking cessation
apps can reach smokers across multiple nations. This paper has
also shed some light on participants’ use of other health related
appsand identified an alarming trend of consumers using health
apps without knowing the credibility of its publishers.
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Abstract

Background: The advances achieved intechnology, medicine, and communicationsin the past decades have created an excellent
scenario for the improvement and expansion of eHeath and mHealth in particular. Mobile phones, smartphones, and tablets are
exceptional means for the application of mobile health, especially for those diseases and health conditions that are the deadliest
worldwide.

Objective: Themain aim of this paper was to compare the amount of research and the number of mobile apps dedicated to the
diseases and conditions that are the leading causes of death according to the World Health Organization grouped by different
income regions. These diseases and conditions were ischemic heart disease; stroke and other cerebrovascular diseases; lower
respiratory infections; chronic obstructive pulmonary disease; diarrheal diseases; HIV/AIDS,; trachea, bronchus, and lung cancers;
malaria; and Alzheimer disease and other dementias.

Methods: Two reviews were conducted. In the first, the systems IEEE Xplore, Scopus, Web of Knowledge, and PubMed were
used to perform aliterature review of applications related to the mentioned diseases. The second was developed in the currently
most important mobile phone apps stores: Google play, i Tunes, BlackBerry World, and Windows Phone Apps+Games.

Results: Search queriesup to June 2013 located 371 papers and 557 apps rel ated to the leading causes of death, and thefollowing
findings were obtained. Alzheimer disease and other dementias are included in the diseases with more apps, although it is not
among the top 10 causes of death worldwide, whereas lower respiratory infections, the third leading cause of death, is one of the
less researched and with fewer apps. Two diseases that are the first and second of low-income countries (lower respiratory
infectionsand diarrheal diseases) have very little research and few commercia applications. HIV/AIDS, inthetop 6 of low-income
and middle-income zones, is one of the diseaseswith more research and applications, althoughit isnot in thetop 10in high-income
countries. Trachea, bronchus, and lung cancers are the third cause of death in high-income countries but are one of the least
researched diseases with regard to apps.

Conclusions: Concerning mobile apps, there is more work done in the commercial field than in the research field, although the
distribution among the diseasesissimilar in both fields. In general, apps for common diseases of |ow- and middle-income countries
arenot as abundant asthosefor typical diseases of developed countries. Neverthel ess, there are some exceptions such asHIV/AIDS,
due to its important social conscience; and trachea, bronchus and lung cancers, which was totally unexpected.

(JMIR Mhealth Uhealth 2014;2(1):e1) doi:10.2196/mhealth.2779
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Introduction

The advances in science and medicine in developed countries
have caused an elderly population and long-term survival of
individuals who suffer chronic diseases due to modern
treatments and cures. This has increased the quality of life
expectation of health care consumers [1]. For satisfying this
expectation, there have been important improvementsin health
care delivery supported by the use of the Internet, also known
as eHealth, defined by the International Telecommunication
Union as the paradigm that encompasses all of the information
and communication technol ogies necessary to make the health
system work [2,3]. This paradigm has evolved significantly to
the point of creating mobile health (mHealth) as a branch of
eHealth.

There are many definitions of mHealth. For some authorsit is
an areaof eHealth that provides health services and information
viamoabile technol ogies such as mobile phonesand PDAs[4,5];
for others, the term is defined as “emerging mobile
communications and network technologies for healthcare
systems’ [6]. What is clear is that maobile devices are used for
providing health care. More important than the definitions are
the impressive development and dissemination this field has
been achieving, to the point that Atienza et al (2011) have
suggested that mobile health may be the “killer app” for
cyberinfraestructure for health in the current century [7]. The
reality is that important advances in technology and
communications have been achieved in the past few years and
mHealth has taken advantage of them [8-12]. mHealth is
supported by many mabile telecommunications technologies,
such as 3G (third generation) or 4G (fourth generation)
technologies, for example [13-18].

The potential for mHeath applications is rather
well-documented [19-21]; for example, move away from
face-to-face visits at the doctor’s office, access to awide array
of educational resources including information on
disease-specific topics and general self-management tools, view
your own electronic medical record, accessinformation relative
to medications, and continuous surveillance of vital or
physiological signs.

In addition to this, advancesin technology for smartphones and
tablets have caused their incredible growth, especialy in
high-income countries. There were 6 billion mobile
subscriptionsin 2011 and more than 1.7 billion mobile phones
sold in 2012, 712.6 million of which were smartphones. With
these numbers, it is obvious that these devices must be used in
the field of mHealth to assist every person with one of these
gadgets. Indeed, mHeadlth is already using them as shown by
the great number of health applications currently available
[22-25].

These devices can be especially useful for the prevention and
management of those diseasesthat cause high rates of mortality.
The World Health Organization (WHO) estimated a total of
56.8 million deathsin 2008 and, excluding 5.1 million that were

http://www.mhealth.jmir.org/2014/1/el/

caused by injuries, the remainder were produced by diseases
and health conditions[26]. Some of the leading causes of death
arepresented in Figure 1, which shows the percentage of deaths
caused by these diseases and distributed according to different
income zones [27].

The 6 leading causes of death for each zone and worldwide in
2008 are shown. When these diseases have 0% deaths
represented in determined zones of Figure 1, it means that the
diseases are not among the top 10 in this zone, but not that there
are not deaths caused by thoseillnesses. Some dataare presented
below.

Considering randomly 1000 individuals dead in 2008,
statistically 159 would have come from high-income countries,
677 from middle-income countries, and 163 from low-income
countries[28]. Cardiovascular diseases (CVDs) arethe deadliest
diseases—17.3 million people died from CVDs in 2008,
representing 30% of all globa deaths [29]. Among these
diseases, ischemic heart disease (IHD) is the leading cause of
death globally with an estimated 7.3 million deaths [30-34].
Stroke produces not only death, but also disabilities and high
probabilities of death in the future. Its burden is projected to
risefrom approximately 38 million DALY s (disability-adjusted
life years) worldwide in 1990 to 61 million DALYs in 2020
[35-39].

Lower respiratory infections (LRI) are the leading causes of
child mortality in the world, producing 1/5 of mortality in
children under 5 years. The respiratory syncytial virus (RSV)
isthe single most important cause of severerespiratory illnesses
in children and can provoke pneumonia, which causes 90% of
these deaths due to the virus [39-43]. Sixty-five million people
had chronic obstructive pulmonary disease (COPD) and more
than 3 million died in 2005 [44-48]. Diarrheal diseaseisamajor
problem in developing countries and the second leading cause
of mortality in children under 5 years of age, killing 1.5 million
children every year [49-52].

Human immunodeficiency virugacquired immunodeficiency
syndrome (HIV/AIDS) isamajor global public health issue. In
2011, there were 34 million people living with HIV and 1.7
million of whom died because of it. The political commitment,
social mobilization, and HIV/AIDS funding done by amost
every country in the past years have contributed to the total of
95 million people tested in 2010 and more than 8 million
receiving antiretroviral therapy [53-57]. According to the WHO,
there were 219 million cases of malaria and 660,000 deathsin
2010 [58-60]. However, other studies have worse numbers:
Murray et a (2012) estimated 1.24 million deaths globally in
2010 [61].

Cancer caused 7.6 million deaths worldwide in 2008, with the
majority caused by lung cancer (1.37 million deaths). Tobacco
isthe most important risk factor for devel oping cancer (not only
lung cancer), causing 22% of cancer deaths and 71% of lung
cancer deaths [62-65]. There are 35.6 million individuals
suffering from dementiaand 477,000 annua deathsworldwide.
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Among the different dementias, Alzheimer disease is the most
common with a contribution of 60%-70% of the cases and a
median life expectancy of 7.1 years [66-70].

The main aim of this paper is to continue the research begun
by the authors about mobile apps for the most prevalent health
conditions [71], focusing on the diseases and conditions that
are leading causes of death by the WHO grouped according to
different income regions [27]. For this purpose, two reviews
have been done. Thefirst was aliterature review carried out by
searching published articlesin several systems, and the second

Martinez-Pérez et al

was a review of commercia apps done in the most important
mobile phone apps stores considering the market share of the
operative systems used for smartphones. The main objectiveis
to find out which diseases are more researched and which have
more apps, comparing these findings with their weight in
mortality, not only globally but aso distributed according to
different incomeregions. Thisstudy isonly limited to ageneral
search of applications, without studying or analyzing them due
to the significant extension of that work, which is enough for
additional research.

Figure 1. Percentage of deaths caused by the leading causes of death grouped by zones.
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Methods

Overview

In April 2013, two reviews were developed: aliterature review
and research in commercial applicationsstores. The procedures
used for each review are explained below.

Literature Review

For the literature review, a search of published papers was
devel oped in thefollowing databases and systems: IEEE Xplore,

http://www.mhealth.jmir.org/2014/1/e1/
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Scopus, Web of Knowledge, and PubMed. When searching for
a specific disease, a combination of search words was used. If
the number of results obtained wastoo low, another combination
of words was used until a more significant number of results
was obtained. These terms were used on al the systems
mentioned. The processwas repeated with each disease studied.
The search strings were used only for metadata and the article
search was limited to the past 10 years, from 2003.
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Table 1. Termsused in the literature search strings of each disease.
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Disease Terml Term2

LRI lower respiratory infections application
respiratory infections application
respiratory diseases application/app

Diarrheal diseases diarrhoeal diseases application
diarrheal diseases application
diarrhea application/app
diarrhoea application/app

HIV/AIDS HIV/AIDS application/app
HIV

IHD ischaemic heart disease application/app
ischemic heart disease application
heart disease application/app

Malaria malaria application/app

Stroke and other cerebrovascular diseases stroke application/app
cerebrovascular disease

COPD chronic obstructive pulmonary disease application/app
copd

Trachea, bronchus, lung cancers trachea cancer application/app
bronchus cancer
lung cancer
respiratory system cancer

Alzheimer and other dementias Alzheimer application/app
dementia

Figure 2 shows a flowchart with the steps followed in both
literature and commercial reviews. All the systems returned
1113 results, with 624 repeated or with an irrelevant title for
this study. Of the remaining 489 papers, 118 were dismissed
after reading their abstract or the whole paper when necessary.
Finally, atotal of 371 papers (33.3%) were selected asrelevant.
For considering a paper relevant, it had to fulfil some criteria:
it must be focused on applications using mobile phones or
devices, it must be written in English, and it has to be about a
mobile app or apps designed for the sought condition. This
means that papers centered on applications for several and

http://www.mhealth.jmir.org/2014/1/el/

different diseases were dismissed even if one of the illnesses
treated was the one sought.

For the search strings, in some cases Britain and US terms for
the same word were used to ensurethat every relevant document
was revealed. The combinations of words used were the
following: Terml AND mobile AND Term2, Term1l AND
m-health; Terml AND “mobile phone’; Terml AND
smartphone; where Term2 was app or/and application and for
Term1 it was used the terms used for each disease that is shown
in Table 1.

IMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 [el | p.167
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Figure 2. Flow chart of the steps followed in the reviews.
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Commercial Apps Review

The second review was carried out in the most important
applications stores of the smartphones industry considering the
market share of the operative systems for smartphones
[23-25,72]. In descending order of this market share, the stores
are Google play of Google Android [73], iTunes of Apple[74],
BlackBerry World of BlackBerry [75], and Windows Phone
Appst+Games Store of Microsoft [76].

The process is similar to the one followed in the literature
review. Table 2 shows the different terms used in the search of
the applications related to each disease and the flowchart of

Table 2. Strings used in the search of commercial apps for each disease.

Figure 2 shows the steps followed in the commercial review.
A total of 2958 apps were initially found athough, after
checking whether the apps were relevant to the study and
whether some conditions were fulfilled, only 557 (18.8%) met
these requirements. The requisitesto include an app in the study
were applications not in English or with the description in a
different language from English or the one of the country where
the search was done (Spanish) were dismissed, the same asthose
included in the categories of games, music, or entertainment.
Applications that use flashcards for helping medical students
in their exams and applications for conferences were aso
dismissed.

Disease Search String

LRI respiratory infections
Diarrheal diseases diarrheal disease
HIV/AIDS HIV

IHD “heart disease”
Malaria malaria

Stroke and other cerebrovascular diseases
COPD
Trachea, bronchus, lung cancer

Alzheimer and other dementias

stroke; “cerebrovascular disease”
" chronic obstructive pulmonary disease”; copd
“trachea cancer”; “bronchus cancer”; “lung cancer”

alzheimer; dementia

http://www.mhealth.jmir.org/2014/1/el/

RenderX

JIMIR Mhealth Uhealth 2014 | vol. 2 |iss. 1 |el | p.168
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Results

Mobile Appsin Literature

The results of relevant papers for each condition and each
system are presented in Table 3. The last column shows the
total number of different papers found on al the systems. The
results of the search of the respiratory system cancers can be
broken down into nineresultsfor lung cancer and no resultsfor
the rest of the search strings (trachea cancer, bronchus cancer,
and respiratory system cancer).

In light of the results, heart diseases are the most researched
ones. It is followed by HIV/AIDS, Alzheimer and other
dementias, and stroke and other cerebrovascular diseases. LRI
and COPD hold the fifth and sixth places, respectively, in

Table 3. Results of the literature review.

Martinez-Pérez et al

descending order of research done and the last places are for
malaria, trachea, bronchus, lung cancers, and diarrheal diseases
with very little investigation; only 28 articles among them.

The majority of papers found were relative to the design,
development, or implementation of mobile systems, whole
systems [77], complement systems to a mobile phone [78], or
part of the system [79]. There are also evauations and
validations of these mobile systems [80]. Other types with a
great number of papers found are interventions using maobile
systems [81], apps [82], or mobile phones [83] and the studies
and evaluations of these interventions [84]. Another type of
paper found, but less frequent, are those dedicated to
applications for smartphones, with add-on complements [85]
or without them [86] and reviews of the existing apps for a
specific objective [87].

Disease |IEEE Scopus Wok PubMed Total
LRI 9 21 9 3 24
Diarrhoeal diseases 0 3 1 0 3
HIV/AIDS 4 7 38 42 86
Heart diseases (IHD) 41 81 47 32 121
Malaria 1 15 9 8 16
Stroke and other cerebrovascular diseases 7 30 13 9 36
COPD 5 20 10 7 23
Trachea, bronchus, lung cancers 2 7 4 3 9
Alzheimer and other dementias 16 49 20 7 53

Mobile Appsin Stores

The findings of the commercia apps review are revealed in
Table 4. Each cell showsthe number of relevant apps out of the
total number of resultsfound in each commercial store. Thelast
row contains the addition of the applications found for all the
diseases at each store and the last column presents the addition
of the applicationsfound at all the storesfor each sought disease.
Nevertheless, this number does not represent the total number
of different apps in al the stores, because there are apps
developed by the same creator for different operative systems,
being the same (or similar) app for different smartphones
software. For example, the application AIDSinfo HIV/AIDS
Glossary, created by the National Library of Medicine at
National Institutes of Health (NIH) [88], isavailable on iTunes
[89] and on Google play [90].

There are some diseases issued by the WHO that are actually a
group, so in Table 4 these groups are divided into its illnesses.

http://www.mhealth.jmir.org/2014/1/el/

Thisway, the groups stroke and other cerebrovascular diseases
and Alzheimer and other dementias are divided each one into
two rows, one for stroke and cerebrovascular diseases and
another for Alzheimer and dementia, respectively. The same
occurswith the group trachea, bronchus, and lung cancers, split
into three rows corresponding to the three types of cancer.

Focusing on the number of applications for each disease, the
ones with more apps are Alzheimer and other dementias with
128, followed closely by HIV/AIDS. The third position is for
heart diseaseswith 111 applications and the fourth isfor stroke
and other cerebrovascular diseases despite the fact that there
areno resultsfor cerebrovascular diseases. After agap of more
than 40 apps, COPD holds the fifth position and traches,
bronchus, and lung cancersthe sixth, although there are no apps
for the two first mentioned cancers, only for lung cancer. The
seventh and eighth positions are malariaand diarrheal diseases,
and the last isLRI with only 6 apps.
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Table 4. Results of the commercia apps review.
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Disease Google play iTunes BlackBerry World ~ Windows Phone Store  Total
LRI 5/57 V17 0/0 0/0 6
Diarrheal diseases 12/88 8/12 0/0 0/5 20
HIV/AIDS 54/238 56/121 7/8 7119 124
Heart diseases (IHD) 60/249 44179 3/4 421 111
Malaria 12/51 7125 12 2/8 22
Stroke 27/480 45/530 4/46 3/105 79
Cerebrovascular diseases 0/0 0/2 0/0 0/0 0
COPD 20/50 17/37 0/0 U3 38
Trachea cancer 0/0 0/1 0/0 0/0 0
Bronchus cancer 01 0/0 0/0 0/0 0
Lung cancer 14/88 14/54 13 0/2 29
Alzheimer 38/175 25/96 12 6/14 70
Dementia 32/185 23/70 0/0 3/10 58
Total apps per store 274 240 17 26

The main types of apps for LRI are guides and calculators for
health care professionals, athough there are also some
informative apps for patients. In the case of diarrheal diseases,
the most common apps are natural and personal remedies as
well as some guides. Referring to HIV/AIDS, there are many
guides for health care professionals, patients and public in
general, centering, in this case, on educational aspects. There
are also a significant number of apps with news regarding
HIV/AIDS. The great majority of apps for heart disease are
heart rate monitors for patients and algorithms and calculators
for specialists [91]. The principa focus of malaria apps is to
use the smartphone as a mosquito repellant, followed by
informative apps about it. The most usual apps for stroke and
other cerebrovascular diseases are stroke detectors and stroke
scale calculators. There are also some informative apps.

Referring to COPD, the magjority of apps are informative and
guides for health care professionals, followed by some COPD
trackers and apps for learning to use inhalers, both destined for
patients. Focusing on lung cancer (there are no specific apps

http://www.mhealth.jmir.org/2014/1/el/

for therest of cancers studied), most apps are destined for cancer
stage determination and help in its diagnosis for professionals.
For patients, informative apps are common. Finally, typical
apps for Alzheimer and other dementias are games useful for
their prevention, supportive apps for patients and relatives, as
well as trackers and apps for auto-checking the status of a
dementia.

Figure 3-5 show three graphs, which present the percentage of
the number of apps found in the applications stores for each of
the top 6 causes of death for each region, excluding the rest of
the total (100%).

The diseases with a higher percentage of apps in low-income
and middle-income countries are heart diseases (IHD) and
HIV/AIDS, whereas in high-income countries these diseases
are Alzheimer and other dementias, and heart diseases (IHD).
LRI is the disease with the least percentage of appsin al the
zones, followed by diarrheal diseasesinlow- and middlie-income
countries and trachea, bronchus, and lung cancers in
high-income countries.
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Figure 3. Percentage of apps (%) related to the top 6 causes of death of the low-income zone.
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Figure 4. Percentage of apps (%) related to the top 6 causes of death of the middle-income zone.
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Figure5. Percentage of apps (%) related to the top 6 causes of death of the high-income zone.
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Discussion

Principal Findings

Some important conclusions can be obtained from the analysis
of the results. Comparing the numbers of the literature review
with the numbers of the commercial appsreview, itisclear that
there is more work done in the commercia field than in the
research field. Thisis quite logical because the main objective
of developersis earning money with their apps and, therefore,
they focus on commerce. However, to create agood application,
it is necessary to do some research [92], and this research can
be a market study and/or an investigation about the application
itself, including aspects such as the type of application, the
necessity to cover, or the target public, among others.
Unfortunately, what can be extracted from the results of this
study is that most devel opers only do the market investigation
or they do not publish the results of their studies while
developing their apps. Contrasting the literature review with
the commercia review, there are two differentiated groups. On
one hand, there are four diseases with the highest percentage
of work done in developing research and applications. These
diseases are Alzheimer and other dementias, heart diseases,
HIV/AIDS, and stroke and other cerebrovascular diseases. The
numbers of the commercial apps review for the first three
diseases mentioned before are similar and over 100 apps while
for stroke and other cerebrovascular diseases the number of
apps is much higher than the rest, which enforces the idea of
two groups. On the other hand, the second group is formed by
therest of diseases, having much lesswork donein both research
and commercial fields.

Another piece of information extracted from this comparison
isthat the position held by a disease in number of appsor papers
found is similar in both reviews, with a maximum difference
of two positionsexcept for LRI with thefifth and ninth positions
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in the literature and commercial reviews, respectively. Hence,
for the majority of the studied diseases, there is a concordance
in the proportion of work done for each disease in both fields,
which means that both researchers and developers generaly
agree on the importance given to each disease.

Contrasting the order of diseases according to the number of
apps and papers and by mortality worldwide, there are some
interesting issues. The most striking is that the diseases with
more commercia apps, Alzheimer and other dementias, are not
included in the top 10 causes of death worldwide. Therefore,
why is there so much effort and work done in these illnesses?
As exposed bel ow, the answer iseasy: Alzheimer and dementias
aretypical of high-income countries[27] wherethereisasocial
conscience of these illnesses and the population is very much
aware of the consegquences and dysfunctions that they cause, as
shown by the great number of associations worldwide [93,94].
This reason, added to the facts that the majority of developers
and developers groups are located in these countries [95-97]
and designing appsfor richer zonesis more profitable, explains
thisissue.

The contrary occurs with LRI. Worldwide, this disease is the
third leading cause of death, but the reviews carried out in this
study show that its numbers do not correspond with this position
(it isthefifth disease more researched and the last in commercia
stores). This can be explained by several reasons: the first is
that it isthe first cause of death in low-income countries but it
is not among the top 3 in middle- and high-income countries
and, because devel opers are generally aware of these countries
[95-97], this disease is not a priority for them. However, the
previousreason aloneis not enough to explain this case because
LRI is the fourth and the fifth cause of death in middle- and
high-income countries, respectively, above others such as
HIV/AIDS, which has more apps and research.
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Another important reason is that this disease is typical of
children younger than 5 years old [40] and, as a result,
developers have no reasonsto create appsfor LRI patients. One
option could be the design of appsfor parents, although people
in developed zones are not very aware of this disease as they
are with other illnesses such as HIVV/AIDS [54,98] or diabetes
[99], not giving it the importance it really deserves so it is
underinvestigated. In addition, in devel oped zones, children are
vaccinated against RSV [42], the most important cause of LRI.
Thus, the combination of the previous reasons explains this
situation.

There are other similar cases to the previous two, but not so
extreme. Hence, as happens with Alzheimer, HIV/AIDS holds
the second position in both reviews but it isonly the sixth cause
of death [54,98]. On the other hand, diarrheal diseases hold the
fifth position in mortality but only the eighth and the last
position in the commercial and literature review, respectively,
quite similar to the case of LRI but more obvious, due to the
fact that it is the second leading cause of death in children
younger than 5 years old [49] and, in this case, it is not among
the deadliest diseases in high-income countries [26,27].

Limitations

This study presents some limitations in the methodology
followed for each review, typical for thistype of revision [100].
The process of extracting the data presented a significant risk
of uncertainty. Occasionally, the inclusion of a paper or an app
in the study is not easy because the text is not clear and it can
be misunderstood. To avoid this possible error, we enhanced
the assessment process with independent verification. Thus,
one author developed the search of literature papers, a second
author developed the commercial review, and a third author
inspected the results to check for possible errors.

The search results of the literature review were restricted to the
past 10 years, from 2003 to the present day. Thisrestriction did
not affect the study because before 2003 there was arather low
number of smartphones and mobile devices, only dedicated to
business, without commercial storesand health care applications
as we know them today [101,102]. In addition, only papers
dedicated exclusively to the disease searched were included in
the study. Hence, there are papers dedicated to several diseases
that can contain interesting information regarding the diseases
studied dismissed.

Some limitations were found and addressed (if possible) in the
commercia review. The results of the search of respiratory
infections included some infections not specific to the lower
respiratory system; hence, a discrimination of these resultswas
necessary to select apps specific for lower respiratory infections.

Searching on iTunes, diarrheal disease provides no results, so
in this case diarrhoea and diarrhea were used as search strings.
The same wastried in the search of this disease on BlackBerry
World but it returned no results. Because the disease name is
so specific, no other terms could be used to obtain more results
relativetoit.

Inthe search of IHD, “ischemic heart disease” returned only 48
apps, very few for the most important cause of mortality. Hence,
it was resolute to search only “heart disease” even though IHD
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is a specific type of heart disease. With this combination of
words we found 353 apps, a much more significant number of
apps. In addition to this, apps of diets or recipes were not
included in the study, but those dedicated exclusively for
cholesterol management were included because high chol esterol
is acause of heart malfunctions.

When inspecting the stores about trachea, bronchus, and lung
cancers, apps for treatment or assistance in general cancer
management that includes the searched cancer were taken into
account. However, apps for quitting smoking were not studied
despite the fact that smoking is the most important cause of
lung cancer. We made this decision because there are other
motivations to quit smoking, not only lung cancer, and those
apps are not centered on the cancer itself.

In the case of Alzheimer and other dementias, there were a
number of games designed for their prevention, although, as
mentioned before, only those not included in the category of
games were valid for the study (medical, health category). We
did this because the majority of the found games included in
the category gameswere not specifically designed for Alzheimer
prevention and only took the commercia advantage of saying
that they were useful for this purpose.

There were two issues with Google play. The first was that, in
some searches, the store indicated that a certain number of
results have been found but, while exploring the results pages,
the last were blank. Because the number returned by the store
and the real number of apps were different, we decided to use
the last one, the number of applications shown. The other issue
was that, when searching for stroke, the store returned more
than 1000 results but only 480 apps were shown. In this case,
the number used was the second one, 480. Thislast issue could
affect our study because there are probably more apps apart
from the 480 shown by Google. The current version of the store
does not present these problems.

Another important limitation in the commercial review wasthe
language used for the search strings. One of the objectives of
this paper isto find and compare the existing apps for expressly
mortal diseasesin different incomeregions. Idedlly, at |east the
most important low- and middle-income countries languages
should have been used to obtain apps only developed in these
languages. However, we only focused on the use of English,
obtaining all the apps developed for this particular language,
becauseit isthe most extended and used worldwide. Thisbarely
affected the study of diseasestypical of high-income countries
because English is commonly used and extended there.
Nevertheless, many results were shown in Spanish, because the
stores detect the place where the search has been done, showing
the apps and their summaries in the language of that place, if
possible. In these cases, the appswere also included in the study,
if relevant.

It is important to indicate that the search of IHD has actually
become a search of “heart disease” in general, due to the lack
of results with IHD aone in both reviews. Hence, we will talk
about heart diseases instead of IHD. Nevertheless, it does not
affect the study, because the applications found are for general
heart diseases, including the one searched.
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Conclusions

Comparing the number of apps and research done for disease
with the position in cause of death for the three different zones,
someinteresting conclusions can be extracted. Theleading cause
worldwide and in middle- and high-income countries, heart
diseases (IHD), is one of the most researched and with more
apps, alogical fact because devel opersfocus on typical diseases
in high-income countries [98-100]. However, there are two
diseases, the first and second of low-income countries, which
have very little research and fewer commercial applications.
These diseases are LRI and diarrheal diseases. The reason is
the one mentioned previously: these illnesses are not common
(diarrheal diseases) or thereisno use of an app for the diseases
(LRI), so that their research is not worthwhile, not to mention
the fact that they are common in low-income zones where the
technology for smartphones and tablets is not widespread
[103,104] and, therefore, there are no market opportunities.

Another interesting caseiswhat happenswith HIV/AIDS, which
isin the top 6 of low- and middle-income zones but even not
being among the first 10 causes of death in high-income
countries, it is the second disease with more research and
applications. In this case, theillnessisvery popular not only in
poor and devel oping zones but also in richer countries[101] in
away that, despite thefact that it isnot one of the worst diseases
in mortality in these rich countries, it has the attention of
developers (as the numbers of this study show) and the
population asawhole. At least, inthiscaseall the countriescan
feature these appsfor HIV/AIDSif they have the means needed.

The most curious case is the one with trachea, bronchus, and
lung cancers. They are the third cause of death in high-income
countries, but areincluded in the least researched diseases with
regard to apps. Thereason isnot clear, because cancer in general
isacommon matter and there is a huge amount of information
and applications about it. In fact, the search for “ cancer” onthe
App Store returns 896 apps and 500 on Google play. Moreover,
specificaly these types have also an important social conscience
principally for being consequences of smoking [63,64].
Therefore, it can be considered a good opportunity for
developers to fill this empty space in mobile apps for health
care.

Focusing on thetypes of the predominant appsfor each disease,
there is a common one for al of them: the informative apps,
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which can befor patientsaswell asfor health care professionals.
Excluding these apps, the rest have different purposes depending
on the disease. Hence, devel opers have tried to take advantage
of the characteristics of each illness. They centered on
prevention in diseases with no cure or with a cure based on
medications where no mobile phone aid is needed such as
Alzheimer and dementias, with games useful for their
prevention; and malaria, with mosqguito-repellant apps. There
are also several apps for HIV/AIDS focused on the prevention
with educational apps for the public (and others for patients).
Health care professional s are the objective of the apps designed
for LRI, stroke, and lung cancer, which offer aid inthe diagnosis
or the assessment of the stage/status of the diseases. Finally, in
the cases of diarrheaand COPD the majority of apps (excluding
the informative ones) are designed for treatment: personal
remedies for diarrhea (mild diarrheas), and COPD trackers as
well as educational apps for the use of inhalers.

Finally, the enormous difference in the number of applications
found inthedistinct storesis surprising. Google play and i Tunes
areclearly the oneswith more appsfollowed by far by Windows
Phone Apps+tGames and BlackBerry World, as previously
observed[71]. The case of BlackBerry isunusual: in November
2012, it had a market share of 7.3% [72], but it barely has
applications for the diseases searched. On the other hand,
Microsoft Phone had |ess market share (3% in November 2012
[72]) but more apps, yet much less than the number of apps of
Google play and iTunes. Asaresult, agreat number of users of
BlackBerry and Windows Phone would abandon their phones,
changing them for others that have the maximum number of
apps available. Indeed, thisis already happening [72] and can
be a reason for the lack of apps for Windows Phone and
BlackBerry, because devel opers are discouraged from creating
apps for these stores.

For future work, several things can be done. It is possible to
develop a mobile app for LRI because of the absence of apps
related to it and itsimportancein mortality (third cause of death
worldwide). It can include the most common infections such
as bronchitis or pneumonia. Another possibility is to fill the
empty space in mobile apps related to the trachea, bronchus,
and lung cancers, for example developing an assistive and
informative application for aiding patientswho are being treated
for these cancers.
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Abstract

Background: There are several mobile apps that offer tools for disease prevention and management among older adults, and
promote health behaviors that could potentialy reduce or delay the onset of disease. A classification scheme that categorizes
apps could be useful to both older adult app users and app developers.

Objective: The objective of our study wasto build and eval uate the eff ectiveness of aclassification scheme that classifies mobile
apps available for older adultsin the “Health & Fitness’ category of the iTunes App Store.

Methods: We constructed a classification scheme for mobile apps according to three dimensions: (1) the Precede-Proceed
Model (PPM), which classifies mobile apps in terms of predisposing, enabling, and reinforcing factors for behavior change; (2)
health care process, specifically prevention versus management of disease; and (3) health conditions, including physical health
and mental health. Content analysis was conducted by the research team on health and fitness apps designed specifically for older
adults, as well as those applicable to older adults, released during the months of June and August 2011 and August 2012. Face
validity was assessed by a different group of individuals, who were not related to the study. A reliability analysis was conducted
to confirm the accuracy of the coding scheme of the sample appsin this study.

Results: After applying sampleinclusion and exclusion criteria, atotal of 119 apps were included in the study sample, of which
26/119 (21.8%) were released in June 2011, 45/119 (37.8%) in August 2011, and 48/119 (40.3%) in August 2012. Face validity
was determined by interviewing 11 people, who agreed that this scheme accurately reflected the nature of this application. The
entire study sample was successfully coded, demonstrating satisfactory inter-rater reliability by two independent coders (95.8%
initial concordance and 100% concordance after consensus was reached). The appsincluded in the study sample were morelikely
to be used for the management of disease than prevention of disease (109/119, 91.6% vs 15/119, 12.6%). More apps contributed
to physical headlth rather than mental health (81/119, 68.1% vs 47/119, 39.5%). Enabling apps (114/119, 95.8%) were more
common than reinforcing (20/119, 16.8%) or predisposing apps (10/119, 8.4%).

Conclusions: The findings, including face validity and inter-rater reliability, support the integrity of the proposed classification
scheme for categorizing mobile apps for older adults in the “Health and Fitness’ category available in the iTunes App Store.
Using the proposed classification system, older adult app users would be better positioned to identify apps appropriate for their
needs, and app developers would be able to obtain the distributions of available mobile apps for health-related concerns of older
adults more easily.
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Introduction

Background

According to the United Nations [1], globaly increasing life
expectancy and decreasing birth rates have created a pervasive
phenomenon of population aging, affecting both developing
and developed countries. Countries are already experiencing
public health challenges dueto increased preval ence of chronic
diseases, many of which aretheresult of poor health behaviors,
and concomitant economic challenges, associated with increased
medical expenditures for disease management and treatment.
Projections indicate that by 2050, older adults (ie, individuals
aged 65 years and older) will account for 21% of the global
population [1]. Given data that suggest older adults consume
over two thirds of medical resources [2], further aging of the
population is likely to strain governments’ ability to provide
care[3,4]. Inadditionto increasing costs of care, chronic disease
also directly affects the quality of life of both elders and their
family members|[5].

Concurrent with global population aging is the rapid
development of mobile technologies that have the potential to
improve the quality of life and enhance the independence of
older adults. Mobile technologies are promising, as they offer
continuous availability from anywhere at any time; offer
interactive user interfaces with multimedia capabilitiesto engage
users; require low levels of infrastructure provision, enabling
their use in remote areas and providing significant economic
benefits to these areas [6]; and offer the possibility of
uninterrupted collection of persona health data for positive
behavior change. Some exampl es of mobiletechnologiesinclude
remote monitoring of falls and physiological data collection
through smart homes deployed with sensor networks, which
enables the collection of data on a variety of health outcomes
and hasthe ability to send the data to appropriate formal health
care providersor informal caregivers[7-9]. Appssuch asthese,
which are equipped with location-based services and covered
by wire/wireless network signals, offer the potential to conduct
pervasive and ubiquitous health interventions, and to reduce
the high rates of attrition, which is often found in interventions
that rely on participants’ uploading of data[10]. The momentum,
at which the volume and range of mobile apps have been steadily
expanding, provides a foundation on which to promote the
adoption of smartphonesamong older adults, aswell asyounger
aged individuas, and further to promote the use of mobile
technologies to improve the quality of life and enhance the
independence of older adults[11,12].

The adoption of mobile technology is beginning to far outpace
personal computer (PC)-based ones. Chen pointed out that in
2011, the annua globa smartphone shipments reached 488
million, 62.7% growth, more than PC shipments [11]. Allied
Business Intelligence (ABI) Research recently released areport
predicting that the sport and health mobile app market would
hit US$400 million in revenues by 2016, quadrupling the

http://mhealth.jmir.org/2014/1/e6/

revenues of 2010 [12]. In 2010, there were only 5805 health,
fitness, and medical apps available within the Apple App Store
[13]. That number reached more than 13,600 by 2012, more
than doubling in 2 years. Kahn pointed out that at the end of
2009, 80% of Americans owned a cell phone, apersonal digital
assistant (PDA) phone, or a smartphone, and that there were a
rapidly growing number of people over the age of 65 using
smartphones [13]. These trends demonstrate that it is feasible
and likely that older adults will use smartphones to increase
their knowledge of prevention and self-management of disease,
both physical and mental health conditions, as well asto apply
the appropriate tool s that hel p with behavior change for healthy
lifestyles. To respond to thisincreasingly large potential market,
smartphones are being tailored for older adults with larger
displays, easy-operating keyboards, and simple but powerful
functions. Mobile apps also present the possibility for family
caregivers to take care of their loved ones more efficiently and
effectively, for example, by being notified through remote
monitoring of a potentially dangerous fall, as well as for
professional caregivers, who receive monitoring datain amore
timely fashion, which allows for more prompt treatment.

Researchers have conducted a number of studies on how to
design and devel op useful mobile apps and how to improve user
experiences, such as developing apps with low cognitive
complexity, motivating the elderly in using apps, and taking
vision and hearing impairment into account [14,15]. Moreover,
mobile apps specifically for improving quality of life of older
adults have been identified and developed [10,15]. For example,
Boulos et a described the development of a smartphone app
within Enhanced Complete Ambient Assisted Living Experiment
(eCAALY X), which istargeted at improving the quality of life
and health conditions for older adults. This smartphone app
receivesinputs from wireless health sensors and | ocation sensors
and sends these data to a remote server through the Internet,
where they are accessible to professional caregivers, who can
respond quickly, thus facilitating the fast response to at risk
situations of older adults and improving quality of life [10].

Despite the surging trends in the development of mobile apps
to improve health and health care conditions, a gap exists
between available apps and the actual demandsfrom users[15].
Because of the lack of comparable market information, this
could lead to mobile application developers designing and
developing a number of apps with similar functions and
characteristicsto those already in use, resulting in animbalance
in the availability and distribution of mobile apps. Few studies,
however, provide insights regarding current trends and gaps of
this increasingly crowded mobile health application market.
Developersare not able to quickly make informed decisionson
which areas to devote their development efforts, given the lack
of state-of-the-art and dynamically varying mobile apps market
information. This could potentialy lead to wasted time and
resources on the part of app developers.
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There also exists a gap in the ability of older adults to choose
mobile appsthat are appropriate to their specific health concerns.
For example, some older adults might want an app that provides
information on how to manage anxiety or prevent diabetes, as
well as an app that identifies reinforcing factors to help them
in their health goals.

Our proposed research expands on the work by West et al [8],
which categorized maobile apps by the Precede-Proceed Model
(PPM) model (predisposing, enabling, and reinforcing factors)
[16,17], by providing two additional dimensions: (1) whether
the apps are for management of disease and/or prevention and
(2) whether they are related to physical and/or mental health.
These information have important implications for both older
adults seeking apps for specific purposes, aswell asfor mobile
app devel opers, to help them better understand the distributions
of different kinds of mobile apps on the market.

Precede-Proceed M odel

West and colleagues [8] took the important first step in mobile
app classification by using both the Health Education
Curriculum Analysis Tool (HECAT) and the Precede-Proceed
Model (PPM) to analyze the existing health and fitness appsin
the iTunes App Store. HECAT's classification criteria include
specific health-related behaviors, such as alcohol consumption,
healthy eating, tobacco consumption, and other drugs [18].
Using the HECAT system, West and colleagues concluded that
appsrelated to physical activity and persona wellnesswerethe
most common. As to the PPM, they also found that most of
apps were classified as predisposing (1776/3336, 53.24%) or
enabling (2181/3336, 65.38%), with reinforcing apps being the
least common (222/3336, 6.65%) and with very few apps
possessing al three factors (62/3336, 1.86%). Conceptually,
PPM is a stronger model than HECAT because PPM provides
a framework for creating health promotion interventions that
are not targeted to any specific health behavior. Nevertheless,
PPM lacks the capability to incorporate specific heath
conditions, to which HECAT pays particular attention, and
health care processes, which include prevention and
management.

In this paper, we propose anew classification schemeto anayze
mobile apps on the market, extending the PPM model to include
two important additional dimensions. physical versus mental
health and prevention versus management. We believe that this
more comprehensive analysis of mobile apps offers several
advantages when compared to the PPM model alone. First, since
our schemeishbuilt onthe PPM modél, it still retainsthe capacity
of PPM to classify or analyze mobile applications into
predisposing, enabling, and reinforcing categories. Second, our
scheme incorporates prevention and management of disease.
Since prevention and management of disease have different
emphases and are both of great importance in health care
processes, itisanatural addition to West's original classification
scheme. Third, while not as detailed asthe HECAT system, the
proposed scheme does allow classification by physical/mental
health. Finally, the proposed scheme allows us to analyze
existing mobile apps according to either PPM, health/mental
health, or management/prevention separately, as well as to
examine the overlap of mobile apps in various categories (eg,
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mental health-related apps for prevention that provide
information on enabling skills).

For testing and comparative purposes, we collected information
on mobile appsfor older adult health that were released in June
and August, 2011 and August 2012 from the“Health & Fitness’
category in the Apple iTunes App Store and applied the
proposed classification scheme to categorize these apps. Our
purpose was to devel op a classification scheme to facilitate the
selection of mobile apps by older adults so that they can choose
most appropriate apps for them (eg, depending on whether they
want an app that is predisposing, enabling, or reinforcing,
whether they want an app for health or mental health conditions,
and whether they are interested in prevention and/or
management of disease), as well as to provide mobile app
devel opersaway of obtaining more specific and valued insights
into the field of existing mobile apps.

Methods

Design

After aqualitative content analysis of manufacturers’ description
of health and fitness apps was conducted by the research team,
we constructed a classification scheme for the classification of
mobile apps according to three dimensions: (1) the PPM [16,17],
(2) prevention versus management of disease, and (3) physical
versus mental health. Figure 1 shows the constructed
classification scheme.

The x-axis of the classification scheme represents health
conditions, including physica heath conditions such as
hypertension, diabetes, heart diseases, bronchitis, and stomach
flu, as well as mental health conditions such as depression,
social phobia, acute stress disorder, anxiety, and schizophrenia.
We categorize health conditionsinto physical health conditions
and mental health conditions because this categorization is
reflective of the development structure of most health-related
apps. Although mental health and physical health commonly
impact each other [19], most current apps have their main
objective to benefit either mental or physical health exclusively.
However, if an app is clearly associated with both physical
health and mental heath conditions, it is coded in both
categories.

The second dimension, the y-axis, represents heath care
processes. Asmobile appsareincreasingly playingamajor role
in facilitating the diffusion of health information, enabling
positive behavior change, longitudinal and continuouscollection
of personal health-related data, remote monitoring and warning,
and other health care activities, apps could be regularly and
commonly used for the prevention and/or management of
disease[20,21]. Prevention tools help individuals manage risks
for certain diseases, by, for example, promoting healthy lifestyle
behaviors, such as healthy diet and physical activity, which are
risk factors for many of the major chronic diseasesin late life.
Appsfor the management of chronic disease place an emphasis
on providing individuals with the information, skills, and
associated tools to monitor their conditions, to react promptly
when a certain type of clinical intervention might be needed to
avoid a worsening of symptoms and/or costly hospitalization,
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as well asto aid older adults in the recovery process [22,23].
Therefore, we choose prevention and management of diseases
to be the two components of the y-axis of the scheme. Similar
to the physical/mental health dimensions, if an app is clearly
associated with both prevention and management (eg,
self-monitoring of blood pressure can serve both purposes), it
is coded in both categories.

Thethird dimension, the z-axis, isadapted from the PPM model,
which identifies the functions or goals of health-related mobile
apps into three categories: predisposing, enabling, and
reinforcing. According to the heath promotion framework,
predisposing factors include knowledge, attitudes, beliefs,
values, perceptions, and motivationsthat predisposeindividuals
to engage in specific behaviors. Enabling factors are those that
facilitate a person’s ahility to obtain health-related services or
engage in healthy behavior, and focus largely on the skills
needed to engage in the behavior and the availability of
resources (eg, cost factors and resource factors). Reinforcing
factors aim to provide supports, which are necessary for
individual sto maintain healthy behaviors, and can include social
networks and positive reinforcement based on self-monitoring
data and feedback information [17]. These three factors direct
usto group mobile apps into three categories based on whether
they focus on predisposing, enabling, or reinforcing factorsthat
aim to affect behavior change [8]. A summary of mobile apps
in relation to PPM model is provided in Table 1.

Table 1. Mobile app functionsin relation to PPM.

Wang et al

After we designed and constructed the classification scheme,
we determined the face validity of this scheme by interviewing
11 people who had not been involved in the devel opment of the
study in any way; that is, they had participated in neither the
construction of the classification scheme nor the content analysis
[24]. They all agreed that this scheme accurately reflected the
nature of this application.

Prior to conducting the reliability analysis, two researchers and
a research assistant (hone of whom had been involved in the
development of the study’s classification scheme, content
analysis, or determination of face validity) al received
systematic training in the coding of the apps. Training sessions
were held three times a week for 2 weeks, with each session
lasting 50 minutes. The core elements of that training were to
review the distinctions for coding apps into appropriate
categories (eg, predisposing, enabling, and reinforcing factors
of the PPM model; prevention and management for health care
process, and physical versus health conditions for health
conditions) and related procedures regarding study sampleentry
and app coding. The two researchers independently coded the
study apps based on manufacturers’ written descriptions of each
app, to test the scheme for its ability to categorize al the
potential appsin the health and fitness categories. In accordance
with our classification scheme, each maobile app was coded
based on the three dimensions discussed above.

Mobile apps Features Core values
Predisposing apps Provide health information to impact health perceptions, health beliefs, Promoting correct perceptions about the relation
values, or attitudes toward behavior change (eg, providing information  between lifestyle behaviors and the devel opment
on risks of diabetes, including obesity). of chronic disease, as well as about the value of
self-management in delaying onset of disease pro-
gression and functional loss.
Enabling apps Teach askill (eg, how to monitor blood pressure), provide a service; Providing useful and direct help to enable people
record/track behaviors (eg, an app that records blood pressure values).  to do something.
Reinforcing apps Interface with online community using asocia network site; provide  Strengthening behaviorsthrough interactions, typi-

encouragement from trainers/coaches; evaluate users' self-monitoring
(eg, give an evaluation based on blood pressure values).

cally positive feedback; emphasis on support
through interaction with users.
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Figure 1. Proposed scheme for apps classification.
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A sample of existing mobile apps, currently available online
fromthe “Health & Fitness’ category in the AppleiTunes App
Store (ordered by released time or by aphabet), was selected
to test our classification scheme. There were more than 23,000
mobile apps in the “Health & Fitness’ category available to
download, so we decided to randomly choose apps released
during certain time periods. Because the US Food and Drug
Administration (FDA) released draft guidance for the
development of mobile health apps in July 2011 [25], we
included time periods before and after their release date to
investigate its potential influence on mobile application
development. Further, to analyze the change of year-on-year
growth in the number of apps, we included apps released in
August 2012 as well. As a result, the fina study sample
consisted of apps released in June 2011, August 2011, and
August 2012, and the written description of each app was
accessed and viewed.

Sample selection was based on the following inclusion and
exclusion criteria. Inclusion criteriaincluded: (1) appsthat one
had to pay for, as free apps often became upgraded apps into
paid ones, leading to the possible double coding of the same
app (eg, Vital mHealth rel eased two versions of the mobile app
“PainMonitoring”, afreeversion with limited functionality and
apaid version that recorded and monitored auser’s pain level);
and (2) apps whose written descriptionswerein English for the
purpose of global access and use. Exclusion criteria included:
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(1) apps misclassified and misplaced under the “Fitness and
Health” category, as determined by the manufacturers
descriptions of function not being associated with health or
health care, such as bread maker timer assistant and journey
scene records; and (2) apps that did not specificaly relate to
health or health care of older adults (eg, apps for baby
health-nursing, apps for disseminating pregnancy prevention,
and birth control techniques). Appswith explicit ageinformation
and/or illustrations of older adults as their target population
directly helped us to identify apps for older adults. For those
apps without this information, there is typically a description
of the targeted health condition and functional status for the
app. Knowing the health condition being targeted, as well as
the functional status, enabled usto identify health-related apps
for elderswith specific health conditions and level s of functional
status. In sum, we relied on the three types of data (ie, age
information/target population, type of health condition, and
functional status) to identify health and fitness apps that were
not relevant for older adults. Taking August 2012 asan example,
on the basis of these inclusion/exclusion criteria, there were
657 apps in the health and fitness category, with 445/657
(67.7%) free apps, 61/657 (9.3%) non-English apps, 4/657
(0.6%) misclassified apps, and 99/657 (15.1%) apps not
applicable to older adults. Thus, the final study sample for
August 2012 consisted of 48/657 (7.3%) apps that could be
employed for older adults health and health care (Figure 2).
App samples selected from August 2011 and June 2011 are
represented in Figures 3 and 4, respectively.
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Figure 2. Selection of apps samplein August 2012.
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M easur ement Results
Each was coded according to the three dimensions in the
ap 9 Study Sample

classification scheme (see Multimedia Appendix 1). First, apps
were coded in terms of health conditions, and could be coded
for physical health, mental health, or both. Second, apps were
coded in terms of health processes, and could be coded for
management of disease, prevention of disease, or both. Third,
apps were coded into the three categories of the PPM model
[16,17].

Analysis

To check the reliability of the coding scheme and justify the
validity of our scheme, inter-rater reliability was conducted by
two researchers (not involved in any aspect of the study), who
independently coded the app data [26]. There was also a third
evaluator (a research assistant who had not been involved in
any aspect of the study), who was called in when there was
disagreement as to the coding of the apps. We chose the entire
119 sample of apps for the purpose of validation. There was
agreement (aninitial level of concordance) for 114/119 (95.8%)
apps, and disagreement for 5/119 (4.2%) apps. The five apps
on which there was initial disagreement between coders were
discussed, and when they could not arrive at consensus, the
third research assistant was asked to join them until they reached
consensus. Consensus was reached on these five apps as well,
resulting in agreement on the coding for al 119 apps.

We were aso able to develop specific combinations from the
three axes of the classification schemeto provideamorerefined
description of the apps (eg, identifying theratio of physical and
mental apps for prevention), focusing on enabling factors.
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We proposed a classification scheme for the classification of
existing mobile apps on the market. By using our scheme, we
coded all the study sample mobile apps (Tables 2 and 3).

In the process of study sample selection, there were 379
health-related apps, and about 31.4% (119/379) of them, relevant
to older adults, were chosen in the study sample, which consisted
of 48/119 (40.3%) from August 2012, and 45/119 (37.8%) and
26/119 (21.8%) from August 2011 and June 2011, respectively.

Coding Results

In August 2012, most apps were associated with physical health
conditions (31/48, 64.6%), approximately two times that of
mental health-related apps (17/48, 35.4%). In terms of
prevention and management, apps targeted at management of
disease were substantially more common than those for
prevention (44/48, 91.7% vs. 6/48, 12.5%). Enabling apps took
the dominant position in the PPM model (45/48, 93.8% vs. 4/48,
8.33% vs. 4/48, 8.33% for enabling, predisposing, and
reinforcing, respectively), and there were few apps combining
features of predisposing, enabling, and reinforcing factors. In
fact, there were no such mobile appsin August 2011 or August
2012. Asfor physical health, apps for prevention were 16.1%
(5/31), with 3.2% (1/31) apps for predisposing, 16.1% (5/31)
apps for enabling, and 6.5% (2/31) apps for reinforcing. There
were 64.6% (31/48) apps for management, with 3.2% (1/31),
100% (31/31), and 12.9% (4/31) apps associated with
predisposing, enabling, and reinforcing factors, respectively.
With respect to mental health, apps for prevention were 5.9%
(1/17) and 94.1% (16/17) for management. Physical-related
apps for both prevention and management were 16.1% (5/31),
while mental-related appsfor both prevention and management
were just 5.9% (1/17).
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Considering the study samplefrom August 2011, 64.4% (29/45)
of apps were for physical health; the majority of apps (41/45,
91.1%) were used for management of disease rather than
prevention of disease; enabling apps accounted for 95.6%
(43/45), while predisposing and reinforcing apps were 8.9%
(4/45) and 17.8% (8/45), respectively. As for physical health,
27.6% (8/29) of apps were for prevention and 93.1% (27/29)
were for management, while in terms of mental health, 23.8%
(5/21) of apps were for prevention and 90.5% (19/21) were for
management.

Table 2. Study sample (1) coding results.

Wang et al

Coding results of apps from June 2011 showed that 80.8%
(21/26) of appswererelated to physical health conditions, more
than two times than that of mental health-related conditions
(9/26, 34.6%). Apps for management were 92.3% (24/26)
compared with 7.7% (2/26) for prevention; enabling appswere
far more common than predisposing apps or reinforcing apps.
In terms of physical health, 4.8% (1/21) of apps were for
prevention and 95.2% (20/21) of apps were for management;
and in terms of mental health, 11.1% (1/9) of apps were for
prevention and 88.9% (8/9) apps were for management.

Coding scheme June 2011 August 2011 August 2012
Study sample 26 45 48
Physical-related apps, n (%) 21/26 (80.8) 29/45 (64.4) 31/48 (64.6)
Mental-related apps, n (%) 9/26 (34.6) 21/45 (46.7) 17/48 (35.4)
Prevention-related apps, n (%) 2126 (7.7) 7/45 (15.6) 6/48 (12.5)
Management-related apps, n (%) 24/26 (92.3) 41/45 (91.1) 44/48 (91.7)
Predisposing-related apps, n (%) 2/26 (7.7) 4/45 (8.9) 4/48 (8.3)
Enabling-related apps, n (%) 26/26 (100) 43/45 (95.6) 45/48 (93.8)
Reinforcing-related apps, n (%) 8/26 (30.7) 8/45 (17.8) 4/48 (8.3)
Predisposing-enabling-reinforcing apps, n (%) 2126 (7.7) 0/45 (0.0) 0/48 (0.0)
Table 3. Study sample (2) coding results.
Coding scheme June 2011 August 2011 August 2012
Physical-prevention-predisposing, n (%) 0/21 (0.0) 1/29 (3.4) 1/31(3.2)
Physical-prevention-enabling, n (%) 1/21 (4.8) 5/29 (17.2) 5/31 (16.1)
Physical-prevention-reinforcing, n (%) 0/21 (0.0) 2/29 (6.9) 2/31 (6.5)
Physical-management-predisposing, n (%) 2/21 (9.5) 1/29 (3.4) 1/31(3.2)
Physical-management-enabling, n (%) 20/21 (95.2) 25/29 (86.2) 31/31 (100)
Physical-management-reinforcing, n (%) 8/21(38.1) 6/29 (20.7) 4/31 (12.9)
Mental-prevention-predisposing, n (%) 0/9 (0.0 0/21 (0.0) 0/17 (0.0)
Mental -prevention-enabling, n (%) 1/9 (11.1) 4/21 (19.0) 2/17 (11.8)
Mental-prevention-reinforcing, n (%) 0/9 (0.0 1/21 (4.8) 1/17 (5.9)
M ental-management-predisposing, n (%) 0/9 (0.0) 1/21 (4.8) 3/17 (17.6)
Mental-management-enabling, n (%) 8/9 (88.9) 19/21 (90.5) 16/17 (94.1)
Mental-management-reinforcing, n (%) 0/9 (0.0) 3/21 (14.3) 2/17 (11.8)

Discussion

Principal Findings

In essence, our proposed scheme was a ternary relation group,
represented by “HHP=<Health conditions, Health care process,
PPM model>" with the capacity to identify mobile apps for
disease prevention/management of physical and/or mental health
conditions according to the three factors, and to classify apps
with these three dimensions (Figure 1). The scheme provides a
comprehensive way to classify existing mobile apps by taking
into consideration of threefactors, all of which are both relevant
to older adults to enable them to choose the most appropriate
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apps to meet their needs, health care needs, and relevant to
developers interested in the development of mobile apps for
health care.

The main effects of the scheme (the domain between the y-axis
and z-axis, projected on the yoz plane) reflected a binary
relation, that is “HP1=<Health care process, PPM model>".
This scheme did not include physical/mental health conditions,
and was limited to an examination of health care processes
(disease prevention/management) and PPM. Every element in
this binary relation indicated what kind of apps could be used
for prevention and/or management of disease. This enabled us
to understand the genera relationship between health care
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processes and the PPM model, for example, what is the
proportion of prevention appstargeted at predisposing, enabling,
and reinforcing factors, respectively, and what is the ratio of
prevention apps and management apps that are associated with
enabling factors.

Likewise, from the depression view of our scheme (Figure 1),
it was mapped to the xoy plane (between the x-axis and y-axis)
and we denoted it by “HH=<Health conditions, Health care
process>", expressing the rel ationship between health conditions
and health care process, which allowed an examination of which
prevention and/or management appswere appropriateto physica
and/or mental health conditions. Thisability offersthe potential
to facilitate user access to the most appropriate apps to satisfy
their needs in taking prevention and/or management
measurements for health conditions.

If examined from the side view, the scheme was mapped to the
xoz plane (between the x-axis and z-axis), denoting a binary
relation between health conditions and PPM model, and we
expressed it by “HP2=<Health conditions, PPM model>", which
allowed usto identify appsthat deal with acertain health/mental
health condition, by whether they provide predisposing,
enabling, or reinforcing benefits. Thisisimportant, as behavior
change theory posits that individuals benefit from specific
factors in the PPM model in terms of preventing or managing
their physical health and/or mental health conditions.

With the coding results of our study sample from June 2011,
August 2011, and August 2012, we have the following
observations and conclusions. First, compared with appsrel eased
in June 2011 (260), the number of appsin August 2011 (364)
increased by 40.0%; and compared with August 2011 (364),
the number of apps released in August 2012 (657) increased by
80.0% and increased 2.5 times compared with June 2011 (260).
In addition, excluding free, misclassified, and non-English apps,
apps applicable for older adults accounted for about one third
of theentire study sample: 25.2% (26/103) for June 2011, 34.9%
(45/129) for August 2011, and 32.6% (48/147) for August 2012.
These datademonstrate that appsfor older adultshad anincrease
after the FDA released draft guidance to regulate their
manufacture and use. It might be that app devel opers believed
that more consumers would accept and use apps after the
promulgation of FDA draft guidance related to app performance
and safety, and that, as a result, they thought the timing was
right for the development of new mobile apps for older adults.

Second, in terms of the PPM model, the most commonly coded
apps in our study were enabling apps. Appsincluding al three
factors of the PPM model (ie, predisposing, enabling, and
reinforcing factors) were very few, supporting the findings of
West et a [8]. This enhances the validity of our findings, as
even though they are only related to appstargeting older adults,
they arrive at a similar conclusion as West et al who included
alarger range of apps appropriate for all age groups|[8].

Third, mobile apps users and developers were able to obtain
deeper and more comprehensive information about existing
mobile applications in choosing and devel oping apps by using
our classification scheme. Specially, the main motivation for
the development of this scheme and its potential uses can be
summarized asfollows: (1) if combining the y-axis and z-axis,
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we obtai ned the rel ationship between health care processes and
PPM, providing information on the relative distribution of
predisposing, enabling, and reinforcing apps for prevention
and/or management apps,; (2) if considering the x-axisand z-axis
together, we obtained relevant information about health
conditions and PPM, providing information about the relative
distribution of predisposing, enabling, and reinforcing apps for
physical and/or mental health conditions; and (3) if examining
both the x-axisand y-axis, we obtain the binary relation between
health conditions and health care processes and further identify
the relative distribution of prevention and/or management apps
for a specific physical/mental health condition. In summary,
the proposed classification scheme provides a more
comprehensive way to analyze a mobile application from the
view of health conditions (ie, physical and/or mental health
conditions), health care processes (choosing which kind of
health process, prevention or management of disease), and PPM
(which factors influence behavior change).

Both older adult app users and mobile app developers could
benefit from such a classification scheme. For older adult app
users, our classification scheme can facilitate the choice of
appropriate mobile apps according to their actual needs for
prevention and/or management, physical and/or mental health
conditions, and which kind of factor they are in need of for
behavior change. For example, an older person, hoping to
improve his’her physical health conditions with the second
phase of behavior change, would receive alist of mobile apps
related to physical health improvement, which provide enabling
factors, such astoolsto track physical activity level and diet.

For mobile app developers, our classification scheme has the
capacity to reveal the relative distributions of each type of
mobile apps. Our classification scheme does not just present
devel operssimple statistical information about the ratio between
prevention apps and management apps, or the relative number
of physical health-related apps and mental health-related apps
and the distributions of apps in predisposing, enabling, and
reinforcing categories. Our scheme also provides valuable and
concrete information when we combine different components
of our scheme to classify existing mobile apps. For example,
app developerswould be ableto identify the current avail ability
of apps with predisposing factors for the prevention of mental
conditions as well as the availability of apps with reinforcing
factors for the prevention of mental conditions. Thus, our
classification scheme has great potential in providing insightful
and dynamic information to mobile app developers and in
helping developers make informed decisions about the
development of future mobile apps for the prevention and
management of disease by using the proposed classification
scheme to categorize all existing mobile apps on the market.

Limitations

This study presented one of the first of its kind to construct a
classification scheme for the categorization of paid mobile apps
publicly available in the Apple iTunes App Store in a
comprehensive way by considering the following three
dimensions. the PPM model, health care process (prevention
and management), and health care conditions (physical health
and mental health). However, there are several limitations to

IMIR Mhealth Uhealth 2014 | vol. 2 | iss. 1 [e6 | p.187
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

the study. First, in constructing our classification scheme, we
adopted a generalized, rather than a finer-grained one. For
example, health conditions were grouped simply into physical
health conditions and mental health conditions, but not classified
more specifically asthoselisted in the HECAT, such as alcohol
misuse, tobacco and other drug use, healthy eating, mental and
emotional health, personal health and wellness, physical activity,
safety, sexual health, and violence prevention [18]. Thislimited
us from providing older adults with specific information
regarding specific health conditions in which they might be
interested. It also precluded us from providing mobile app
devel operswith more specific information regarding the number
of appsin each domain listed in HECAT and correspondingly,
which kind of more specific apps were less available in the
market. Instead, we provided amore general impression on app
distribution in terms of physical health conditions and mental
health conditions. Second, as indicated above, we chose to
consider those apps that would have potential relevance for
older adults, and not people of al ages. Our scheme has the
capacity to categorize mobile apps for other age groups, such
asbabies, teenagers, and young adults, by providing target group
relevant mobile apps as study samples. However, this was not
the purpose of our study. Future research could use the age
group of user as a covariate to our classification scheme,
utilizing all existing mobile apps, which would assist other age
group usersin the choice of mobile appsthat are appropriate to
their specific health concerns. Third, while the goals of the
mobile appswe included wereto support older adultsto prevent
disease, maintain or improve their health and fitness, and
manage their physical and mental health conditions, the
classification scheme is unable to incorporate users appraisals
of themobile appsincluded intheanalysis. Asaresult, we have
no idea about how end users (eg, older adults and their family
caregivers) evaluated their effectiveness, usability, and/or
acceptability, which could provide valuable information to app
designers and developers, as well as to other older consumers
looking for specific apps.
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