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Mobile phones are becoming an increasingly important platform for the delivery of health interventions.
In recent years, researchers have used mobile phones as tools for encouraging physical activity and
healthy diets, for symptom monitoring in asthma and heart disease, for sending patients reminders about
upcoming appointments, for supporting smoking cessation, and for a range of other health problems. This
paper provides an overview of this rapidly growing body of work. We describe the features of mobile

ff/leyg"/;)rdsf; phones that make them a particularly promising platform for health interventions, and we identify five
51\251 € phone basic intervention strategies that have been used in mobile-phone health applications across different

health conditions. Finally, we outline the directions for future research that could increase our under-
standing of functional and design requirements for the development of highly effective mobile-phone
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health interventions.
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1. Introduction

In recent years, researchers have increasingly begun to use mo-
bile phones as platforms for delivery of health interventions. This
research has targeted a wide range of health conditions and has
come both from health sciences and from disciplines in computer
science, such as human-computer interaction (HCI) and ubiquitous
computing. Text messaging interventions, for example, have been
used to facilitate smoking cessation [1,2], to provide diabetes edu-
cation [3], to encourage attendance of primary care appointments
[4], and even to encourage sunscreen application [5]. Mobile phone
applications allow physicians to monitor patients with chronic
heart failure [6] and to detect early signs of arrhythmia or ischemia
that can indicate an imminent heart attack [7]. In addition, patients
themselves can use phone applications and sensing and measure-
ment devices to keep track of their physical activities [8] and to
monitor physiological markers relevant to their health status [9].

Our first goal in this paper is to map out the current state of this
rapidly growing body of work. Rather than focus on a particular
condition or health objective (e.g., encouraging weight loss), we
present a taxonomy of the strategies and types of interventions
that have been implemented with mobile phones. This approach,
we hope, will both help the readers to understand the design space
of mobile-phone health interventions and to construct new inter-
ventions by choosing elements that are most appropriate for their
own application domains. Our second and related goal is to iden-
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tify opportunities for improved and new interventions enabled
by the ongoing developments in mobile phone technologies.

Although, when possible, we highlight the outcomes from the
reviewed interventions, we do not offer a systematic review of
effectiveness of mobile-phone interventions. The variety and com-
binations of intervention strategies and the diversity of the condi-
tions that have been targeted make it hard to determine which
features of the mobile-phone interventions used in different
studies influenced their effectiveness. Consequently, effectiveness
reviews can be best done at the level of a particular pathology—
such as Krishna and Boren’s [10] recent review of interventions
for diabetes. Such effectiveness reviews are clearly needed, but
they must be more narrowly scoped than the work we take up in
this paper.

The rest of this paper is organized as follows. After describing
our methods in Section 2, in Section 3 we briefly discuss the rea-
sons why mobile phones are a promising platform for delivering
health interventions. In Section 4, we review the mobile phone
technologies that are commonly used to create health interven-
tions and the types of interventions that these technologies enable.
In Section 5, the main part of this paper, we identify and provide
examples of five general health intervention strategies for which
mobile phones have been used, and the types of mobile-phone
interventions that have been designed in service of these strate-
gies. In Section 6, we discuss the opportunities for future work in
this domain made possible by emerging forms of technology. Final-
ly, in Section 7 we briefly discuss the limitations of this review.
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2. Methods

The review we present in this paper is based on the literature
identified through a search of PubMed, ACM Digital Library, and
IEEE eXplore, the main databases that catalog the research litera-
ture on mobile phone-based health interventions. We searched
PubMed for the following terms: “mobile phone”, “cell phone”,
“SMS”, and “text message”. The ACM and IEEE databases were
searched for combinations of the term “health” and the terms
listed above. Based on the abstracts retrieved through these que-
ries and through PubMed’s Related Articles feature, we identified
articles that described uses of mobile phones as a means of deliv-
ering health interventions. We eliminated articles that discussed
mobile phones in other contexts (e.g., studies of the biological ef-
fects of radiation emitted by mobile phones). For each article in
the resulting set, along with articles found through the citations
in our search results, we identified how mobile phones were used
to deliver a health intervention, what population was targeted,
and, for articles that described an evaluation, what results were ob-
tained. We then iteratively clustered the interventions described in
the literature until we arrived at the taxonomy described in this
paper.

Because our goal is to provide a review of the mobile phone de-
sign space, rather than a systematic review of efficacy evaluations,
we present only illustrative examples of systems that use each
type of intervention that we identified. Thus, although our review
covers every intervention strategy and type that we identified in
our search, it does not touch on every mobile-phone intervention
found in the literature.

3. Why use mobile phones for health interventions?

Mobile phones are a particularly attractive avenue for deliver-
ing health interventions because of: (1) the widespread adoption
of phones with increasingly powerful technical capabilities [11],
(2) people’s tendency to carry their phones with them everywhere,
(3) people’s attachment to their phones [12], and (4) context
awareness features enabled through sensing and phone-based per-
sonal information. We briefly review these reasons below.

First, over the past 10 years, mobile phones have become ubiq-
uitous. According to the latest report from the Pew Internet &
American Life Project, 83% of American adults have an active mo-
bile phone [11]. Of these, over a third (35%) use their phones not
only to make calls and send text messages but also to access the
Internet, and this trend is accelerating. According to the data from
International Data Corporation, the worldwide market for smart-
phones—feature-rich phones capable of running third party appli-
cations, such as iPhones and Android devices—has grown by 39% in
the last year [13]. These numbers indicate not only that the adop-
tion of mobile phones has become nearly universal, but also that
the market is rapidly shifting toward phones that are de facto pock-
et computers—powerful computational devices that can access the
Internet and run a variety of complex applications. The deep pen-
etration and technical capabilities of modern phones make sophis-
ticated phone-based health interventions appealing and widely
applicable.

Second, unlike desktop computers or even laptops, mobile
phones are nearly always with the person. Many of us are rarely
more than a few feet away from our mobile phones, and more of-
ten than not, they are in our hand or in our pocket or purse. A study
found that even in 2006 individuals were within arm’s reach of
their phones on average 58% of the time [14]. As Fogg noted, we
spend more time with our phones than we do with our partners
or even at our workplace [15]. The fact that the phones are so close
at hand makes it possible to drastically increase the number of

points of care, from clinics (in standard practice) and patients’
homes (in traditional telemedicine), to nearly any place and time
when the patient needs support [16].

Third, people’s relationships with their mobile phones are often
deeply personal [12]. Phones are customized with user-selected
ringtones and notification sounds, with images of loved ones, and
with cases and decorations that express their owners’ style. Mobile
phones are also used for a range of activities throughout the day,
from calendaring and email to social networking, financial track-
ing, and playing games. As a result, phones often contain highly
personal information, including pictures, intimate text messages,
and financial information. The personal nature of mobile phones
can reduce the barriers to adoption and increase acceptance of
phone-based health interventions by integrating health education
and other forms of health promotion with a tool that is an integral
part of individuals’ daily routines and to which they often have po-
sitive emotional attachment.

Finally, the combination of their technical capabilities and the
proximity to their owners means that phones can know a great
deal about the users’ current situation [15]. Through embedded
sensing (such as GPS location tracking, accelerometer-based exer-
cise detection), and access to the user’s calendar, contacts and
other personal information, mobile phone applications can infer
where their users are and what they are doing. This knowledge,
in turn, makes it possible to create just-in-time interventions that
provide users with support at times when that support is most
needed [17,18]. Such interventions can be particularly useful for
discouraging unhealthy behaviors, such as eating unhealthy foods
or smoking, where target behaviors are often strongly tied to
particular contexts (e.g., snacking while watching TV at night).
The ability to detect such contexts could enable us to provide users
with assistance before they engage in such unhealthy behaviors, as
well as to provide post facto feedback, potentially greatly increas-
ing the effectiveness of behavior change interventions.

4. Technology behind mobile-phone health interventions

Not all mobile-phone health interventions rely on the same
type of technology. Technical capabilities of mobile phones vary
widely, from the support for only voice and text messaging on ba-
sic feature phones to the support for third party applications, sens-
ing, Internet access, and wireless connectivity with other devices
on smartphones, such as iPhones, Blackberries, Windows Phones,
and Android phones. Health interventions have taken advantage,
to a greater or lesser degree, of all these capabilities. In this section,
we provide a brief overview of the technical features of mobile
phones and ways in which those features have been used in health
interventions.

4.1. Text messaging (SMS)

Text messaging (short message service or SMS) is a service that
enables 160 character messages to be sent from one phone to vir-
tually any other mobile phone in the world. Because it is supported
by even the simplest mobile phones, SMS is widely used not only in
the first world but in the developing countries as well, where mo-
bile phone penetration has reached 68% [19]. This widespread use
makes text messaging the most universally accessible technology
for phone-based health interventions and possibly the most acces-
sible way of delivering health interventions of any kind.

Beyond its accessibility, text messaging has seen broad adop-
tion as a health technology for two other reasons. First, text mes-
sages are a push technology, allowing intervention messages to
be delivered without any effort on the part of the recipient. As
such, text messages are often used for sending reminders [e.g.,
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4,5], tips and other educational content [e.g., 2,3], and for main-
taining users’ awareness of their health goals [20]. Second, because
text messages can be sent and received by both phones and com-
puters, text messaging provides a way for users to log their
health-related activities and physiological parameters (e.g., exer-
cise, peak flow in asthma management [21], etc.) and to receive
customized feedback based on these data. The ability to process
text messages automatically makes it possible for the complete
information exchange in an intervention to be done via SMS—users
can be sent reminders to log relevant data, they can reply to remin-
der messages with the requested information, and the system can
process these responses and send users feedback customized to
their current situation. For example, Haug et al.’s [2] smoking ces-
sation intervention for young adults uses precisely this kind of SMS
information loop.

The diversity of these interactions provides evidence for just
how flexible text messaging can be as a system for delivering
health interventions.

4.2. Cameras

In recent years, cameras have become a standard feature on all
but the most basic mobile phones. The quality of phone cameras is
still below the quality of dedicated digital cameras, but their con-
stant availability makes phone cameras a useful tool for collecting
health-related data throughout the day. So far, health interventions
have used cameras in three primary ways: (1) as an alternative
way to journal health-related behaviors, such as food consumption
[22,23], (2) as a way to provide healthcare providers with addi-
tional information about a condition, such as the appearance of
psoriasis lesions [24], and (3) as a way to document circumstances
relevant to the self-management process, such as the contextual
factors that might influence diabetic patients’ ability to effectively
manage their blood glucose levels [25]. Although photos cannot be
automatically processed as easily as text can, in cases where a goal
of an intervention is to support reflection or learning through ac-
tive engagement with the user’s data [e.g., 23], phone cameras
can be a valuable tool for low-effort collection of health-related
information.

4.3. Native applications

All major smartphone platforms—iOS, Android, Symbian, Black-
berry, webOS, and Windows Phone—provide developers with pro-
gramming interfaces (APIs) that can be used to build special
purpose applications. The APIs provide access to interface controls
(e.g., dialog boxes, menus, calendar pickers), to the phone’s hard-
ware features (e.g., accelerometers, cameras), and to other data
and applications on the phone (e.g., contact list, calendar, email),
enabling creation of complex and sophisticated applications.

Researchers and commercial companies have leveraged these
capabilities to build several different types of health applications:
(1) journaling applications that enable users to log and chart data
about their diet [26,27], exercise [28,29], blood glucose levels [23],
and other health-related behaviors and measures; (2) patient ter-
minals for telemonitoring of conditions such as hypertension [30]
and chronic heart failure [6]; (3) applications that receive data
from pedometers, blood pressure monitors and other devices [9];
(4) games that teach health-related skills [31], and so on. We will
review many of these application types below.

4.4. Automated sensing
Nearly all contemporary mobile phones can connect to sensing

devices over Bluetooth or another form of personal area network-
ing. In this way, mobile phones can connect to digital scales, blood

pressure monitors, glucose meters, portable electrocardiograms
(ECG), pedometers, and gym equipment, among other sensors. Mo-
bile phones connected to such devices can act as receivers and data
stores for the collection of a variety of health-intervention data.

In addition, over the last 2 years, an increasing number of mo-
bile phones have begun to ship with sensors such as accelerome-
ters and GPS built in, enabling detection of users’ behaviors even
without the use of an external device. For example, the iPhone
application RunKeeper (http://runkeeper.com) uses built-in GPS
to automatically track how far users run or cycle, to create maps
of their exercise routes, and to calculate how many calories were
burned during these workouts. The trend toward sensors built into
mobile phones will likely increase user acceptance of health inter-
ventions by freeing users from the need to keep track of, charge,
and wear an additional device [28].

4.5. Internet access

Finally, one of the most important capabilities of mobile
phones, from the standpoint of health interventions, is their ability
to use the cellular network to connect to the Internet from nearly
anywhere. This always-on connectivity means that users’ data,
such as blood glucose levels or peak flow readings, can be uploaded
to providers’ servers as soon as they are captured, thus enabling
early detection of critical events. The data can also be uploaded
to websites where users can easily view, chart, and edit their infor-
mation. Lastly, always-on connectivity makes it possible to include
web pages and online audio and video as part of phone interven-
tions. The use of online resources makes it easier to keep the con-
tent of an intervention up to date without requiring users to
repeatedly install updated versions of the application.

5. Design space of mobile-phone health interventions

Researchers have taken advantage of the technical capabilities
described above to develop a wide range of different health inter-
ventions. Some interventions are relatively simple—for example, a
number of interventions use SMS to send reminders to patients
about upcoming appointments [4,32-34]—but many are complex,
both in terms of the technology they use and the intervention
strategies on which they rely.

In this section, we aim to map out the design space of mobile-
phone health interventions by identifying the intervention strate-
gies that have been used in phone-based interventions, and the
specific forms that the interventions embodying these strategies
take. Specifically, we have identified five key intervention strate-
gies: (1) tracking health information, (2) involving the healthcare
team, (3) leveraging social influence, (4) increasing the accessibil-
ity of health information, and (5) utilizing entertainment. Table 1
summarizes examples of these intervention strategies and phone
features used. The rest of this section reviews the five intervention
strategies in depth.

5.1. Tracking health information

At the core of many mobile-phone health applications is a single
strategy: using the phone to track health-related behaviors, phys-
iological states, symptoms, and other parameters relevant to
health. Tracked health data has many uses, but just the process
of tracking itself—often referred to as self-monitoring—can provide
many benefits, including increased frequency of desired behaviors
and decreased frequency of undesired behaviors [35-38], better
understanding and awareness of one’s behavior and health pat-
terns [e.g., 8], and opportunistic engagement in desired behaviors
[8,39]. In mobile-phone health interventions, self-monitoring has
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Examples of mobile-phone health interventions, broken by intervention strategies and phone features that they employ.

Phone feature/intervention
strategy

Text messaging

Cameras

Native applications

Automated
sensing

Internet access

Tracking health information

Involving the healthcare
team

Leveraging social influence

Increasing the accessibility
of health information

Holtz and Whitten [43],
Anhgj and Meldrup [21],
Franklin et al. [44] and
Haug et al. [2]

Obermayer et al. [1], Haug
et al. [2], Holtz and
Whitten [43], Franklin

et al. [44], Kim and Kim
[51] and Park et al. [52]

Obermayer et al. [1],
Franklin et al. [44], Roger
et al. [72], Riley et al. [74]
and Whittaker et al. [75]

Wangberg et al. [3],
Armstrong et al. [5], Leong

Brown et al. [22],
Mamykina et al.
[23] and Mattila
et al. [29]

Mamykina et al.
[23] and Schreier
et al. [24]

Mamykina et al. [23],

Denning et al. [26], Lee et al.
[27], Consolvo et al. [28,71],

Mattila et al. [29], Gasser
et al. [39], Kollmann et al.
[40] and Walters et al. [41]

Mamykina et al. [23],
Walters et al. [41], Farmer
et al. [50], Kearney et al.
[56] and Larsen et al. [57]
and Morris et al. [62]

Gasser et al. [39] and
Consolvo et al. [71]

Consolvo et al. [28] and
Chiu et al. [87]

Mamykina et al.

[23], Denning et al.

[26] and Consolvo
et al. [28,71]

Rubel et al. [7],
Mamykina et al.
[23], Farmer et al.

[50], Villalba et al.

[54] and Scherr
et al. [60]

Consolvo et al.
[71]

Consolvo et al.

[28] and Chiu et al.

Mamykina et al.
[23], Kollmann

et al. [40], Walters
etal. [41], Kim and
Kim [51] and Park
et al. [52]

Rubel et al. [7],
Mamykina et al.
[23], Farmer et al.
[50], Villalba et al.
[54] and Scherr
et al. [60]

et al. [33], Roger et al.
[72], Gerber et al. [79],
Curioso et al. [81],
Strandbygaard et al. [82]
and Castaflo and Martinez
[85]

Armstrong et al. [5] and
Rogers et al. [72]

Utilizing entertainment

[87]

DeShazo et al. [31] and
Grimes et al. [91]

been implemented in three primary ways: through native journal-
ing applications, via text messaging, and through automated sens-
ing and recording.

5.1.1. Native journaling applications

Native journaling applications are custom designed to support
logging of one or more health-related behaviors (e.g., physical
activity or food intake), and relevant measures (e.g., blood glucose
levels, blood pressure, or stress levels). They also typically provide
ways to chart these data to foster reflection on trends over time.
For example, UbiFit [8,28], an application for encouraging physical
activity, enables tracking of cardiovascular exercise, strength train-
ing, different types of stretching, as well as of other activities that
users consider to be physically demanding, such as scrubbing
floors or chopping wood. UbiFit users can see daily and weekly
views of their data as well as their proximity to their weekly phys-
ical activity goals. Similarly, Wellness Diary [29], a journaling
application developed by Nokia Research, supports logging of a
wide range of health-related states and activities, including—
among others—physical activity, food intake, weight, mood, blood
pressure, stress, and amount of sleep. Each of the measures can
also be charted so that users can see trends in their data over time.

In the context of chronic disease management, Kollmann and
colleagues [40] developed a Java mobile-phone application called
Diab-Memory to enable diabetic patients to self-monitor blood
glucose levels, insulin use, intake of carbohydrates, and physical
activity. The phone application synchronizes with a website where
users can chart their data in different ways to better understand
how various factors affect their blood glucose levels. Similarly, an
intervention by Walters et al. [41] uses Wellness Diary to help pa-
tients who are undergoing cardiac rehabilitation to monitor their
physical activity, diet, and risk behaviors, such as smoking and
alcohol use. The data can be charted on the phone and on the com-
panion website, Wellness Diary Connected, to which they are auto-
matically synchronized.

Studies suggest that self-monitoring applications can have posi-
tive effects on users’ health. Kollmann et al.’s 3-month feasibility
trial of Diab-Memory with ten diabetes mellitus type 1 patients
showed that the system helped the participants achieve a statisti-
cally significant improvement in HbA1lc levels (from 7.9% + 1.1% to
7.5% £ 0.9%, p=.02), as well as a slight—albeit not significant—de-
crease in blood glucose levels [40]. Similarly, the initial study of
the Wellness Diary [29] indicated that phone-based journaling
could be maintained over 3 months and that active use of the sys-
tem helped individuals lose weight.

Designers of journaling applications can take several ap-
proaches to recording of health information, each of which pre-
sents a different set of trade-offs. With the Mobile Lifestyle
Coach [39], for instance, users log their physical activity and diet
using a simplified point system: a user gets one “lifestyle point”
for 10 min of moderate or vigorous physical activity or one serving
of fruit or vegetables. The system thus allows tracking of a variety
of physical activities and foods without requiring effortful logging
of every single type of activity or food individually. Similarly, with
Wellness Diary [29] users can log their food intake by selecting
from a simple list that includes “light snack”, “heavy snack”, “light
meal”, and “heavy meal”. The convenience and speed of entry
afforded by such simplified journaling is achieved at the cost of
precision of the logged data. Although Wellness Diary’s diet log-
ging might be sufficient to help users get a better sense of their
overall eating patterns, it is not sufficiently detailed, for instance,
to help diabetic patients to understand the effect of different foods
on their blood glucose levels.

Other applications such as PmEB [27,42] and BALANCE [26] take
a different approach to journaling. They incorporate caloric infor-
mation for a variety of foods and activity types, enabling users to
more accurately monitor their daily caloric expenditure but at
the cost of higher journaling effort. A variety of commercial appli-
cations, such as Lose It (http://www.freshapps.com/lose-it/), take
this same approach of supporting detailed logging. The decision
to adopt detailed or simplified journaling depends on several
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factors, including how granular the data need to be, how many
parameters need to be tracked, and how long tracking needs to
continue.

Finally, native applications do not need to rely on textual entry
for journaling. A number of systems attempt to reduce the effort
involved in self-monitoring by enabling users to record their activ-
ities by taking photographs with the phone camera. Brown et al.’s
[22] system for encouraging physical activity and healthy diet in
college students allows users to use the phone camera to take pic-
tures of their food and activities throughout the day. To increase
users’ awareness of their eating and exercise patterns, these cap-
tured images are automatically shown in daily and weekly timeline
views displayed on the users’ phones and computers. Similarly,
both Wellness Diary and the diabetes management system MAHI
[23] let users take pictures with the phone camera to log their food
intake. Such photo-based journaling enables quick capture of com-
plex data (e.g., a meal consisting of multiple foods), but makes it
more difficult to graph the data and to automatically provide users
with feedback on their activities and health parameters.

5.1.2. Tracking through text messaging

In addition to dedicated journaling applications, self-monitor-
ing on mobile phones can also be implemented using text messag-
ing. The nature of SMS limits how complex tracked data can be,
making this strategy feasible only for conditions where individuals
need to log a small set of well-defined parameters. Within these
constraints, however, SMS can be a useful medium for self-moni-
toring because processing text messages on the server makes it
possible to automatically analyze logged data and provide users
with feedback on their activities and measures.

One area where SMS-based self-monitoring has been success-
fully used is in chronic disease management. In Holtz and Whit-
ten’s [43] asthma intervention, participants use SMS to submit
peak flow readings every morning. The system sends participants
automatic feedback on whether the submitted readings are within
a normal range, and it provides a web interface where they can see
and chart all of their submitted data. Participants in Holtz and
Whitten’s pilot study gave the SMS asthma monitoring system
high satisfaction scores and expressed that they felt that the sys-
tem provided them with an effective way of managing their condi-
tion. Anhgj and Mgldrup’s [21] asthma intervention uses a similar
strategy: participants are sent three text messages a day, and they
reply to these messages to log their peak flow readings, medica-
tions they have taken, and any sleep interruptions they had the
previous night.

SMS has also been used for self-monitoring in diabetes. Users of
the Sweet Talk system [44] can use text messaging to log their glu-
cose level readings. Text messages sent by patients are processed
by the Sweet Talk web application and the reported values are
added into the user’s journal. If a text message contains text in
addition to a numerical value representing the glucose reading,
the message text is added to the reading as a note. By accessing
the website, users are able to see charts of submitted data and read
any associated notes.

For conditions where tracked information can take the form of
simple numerical values such as glucose levels and peak flow read-
ings, text messaging provides a lightweight way of implementing
self-monitoring. Although limited in scope, the low-cost, high
prevalence, and low technical requirements of SMS make it a good
match for large-scale deployments of self-monitoring systems.

5.1.3. Automated sensing for tracking

One of the biggest downsides of self-monitoring has always
been the effort involved in tracking one’s activities. For that reason,
individuals rarely manage to keep up with traditional paper-based
self-monitoring for longer than a few weeks [38]. One way to re-

duce that effort is to use sensors and connected measurement de-
vices to automate logging of at least a subset of relevant activities
and states. Wellness Diary [29] automates recording of how much
the user walks by connecting to a pedometer. UbiFit [8,28] uses the
Mobile Sensing Platform [45], a pager-sized wearable sensing de-
vice, to automatically detect walking, running, biking, using a stair
machine, and using an elliptical trainer. As long as the MSP is
turned on and is worn on the user’s waist, these activities are de-
tected without any further user involvement. They are then trans-
ferred to the phone over Bluetooth and added to the user’s activity
journal. Results from a 3-month field study of UbiFit [8] indicated
that automatic activity detection was very positively received,
although study participants disliked having to wear a bulky sens-
ing device. The follow-up work by Saponas et al. [46] has shown
that recognition of a similar range of activities can be achieved
through the use of accelerometers built into mobile phones, obvi-
ating the need for a second device. The use of such embedded sens-
ing could help increase user acceptance of interventions that
incorporate activity detection because it removes the need to wear,
charge, and manage an additional sensing device.

In addition to automatic detection of health-related behaviors, a
number of phone-based health applications can connect, often
wirelessly, to devices for measuring and uploading physiological
data. Devices that support external connections include digital
scales [e.g., 6], glucometers [e.g., 47], blood pressure cuffs [e.g.,
30], and even sophisticated portable electrocardiograms [7]. Con-
necting such devices to a mobile phone reduces the effort involved
in transferring readings into a self-monitoring application and it
decreases errors that can occur during manual transfers.

Although the use of sensing holds great potential for enabling
long-term self-monitoring interventions, it is not a panacea. Mis-
calibration and incorrect use of measurement devices can intro-
duce errors into the log. Similarly, automatic activity detection
can fail, both by not detecting or inaccurately detecting activities
that the user has performed and by erroneously detecting activities
that the user has not done [28]. Other challenges remain as well.
Finding ways to indicate to users the level of uncertainty of de-
tected information and the ability to correct incorrectly detected
activities is important for designing interventions that users can
trust and are willing to continue to use. Similarly, finding ways
to automatically summarize large sets of sensed data, as well as
to collect and present data in ways that respect users’ privacy
and levels of comfort with being monitored, will be important
for wide adoption of such systems [48,49].

Self-monitoring is an essential component of a large number of
health interventions, from applications that facilitate health
behavior change to those that help with symptom monitoring in
chronic conditions. Mobile phones can ease the effort involved in
self-monitoring by putting sophisticated journaling applications
close at hand, using photos to quickly document complex behav-
iors, and using measuring devices and sensors to automate logging
of behaviors and physiological states.

5.2. Involving the healthcare team

Although tracking health information can provide useful sup-
port for encouraging health behavior change and for chronic dis-
ease self-care, effective management of many conditions requires
support from the patient’s healthcare team. Keeping the healthcare
team informed of the patient’s symptoms, activities, and physio-
logical parameters can greatly enhance how effectively—and rap-
idly—care can be provided in such circumstances.

Two types of interventions, remote coaching and remote symp-
tom monitoring, leverage mobile phones to keep the healthcare
providers informed of the patient’s condition and to facilitate
provider-patient care interactions. A third type of intervention,
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automated feedback, allows indirect clinician feedback through
automatically activated rules or guidelines that people with clini-
cal expertise can define. We review these three types of phone
interventions next.

5.2.1. Remote coaching

Remote coaching interventions use the data that patients col-
lect on mobile phones to enable learning interactions. In these
interventions, tracking data is uploaded from the phone to a web-
site where the data is reviewed by a member of the patient’s
healthcare team. Based on the data, clinicians then work with pa-
tients to help them learn to manage their conditions more effec-
tively. The coaching interaction itself typically takes place in one
of three ways: over the phone, via SMS, or through a website.

One common strategy is for the data to be collected using a
phone-based journaling application or SMS, but for the clinician-
patient interaction to take place over the phone. For example,
Farmer et al. [50] describe a mobile phone application for young
people with diabetes. Patients used the application to upload their
glucose readings from a Bluetooth-connected glucometer and to
annotate these readings with information about what amount of
insulin they injected, what they were about to eat, and how phys-
ically active they planned on being in the next few hours. Based on
the data, a nurse worked with each patient during weekly phone
calls to discuss the patient’s particular issues—for example, how
much insulin the patient should be taking at night or how different
types of meals seemed to affect her glucose levels. A randomized
controlled trial (RCT) with 94 type-1 patients showed that the
intervention group decreased their HbA1c levels significantly more
than the controls. A similar intervention by Walters et al. [41] used
the mobile and web versions of the Wellness Diary to provide
coaching around health-related activities and goal-setting for pa-
tients undergoing cardiac rehabilitation.

In other interventions, feedback on the patients’ tracked data is
delivered using text messages. Although this modality cannot pro-
vide the same kind of rich interaction that is possible over the
phone, text messaging can deliver to patients highly specific and
tailored feedback that can help them manage their conditions
more effectively. For example, in Kim and Kim'’s intervention for
obese patients with type-2 diabetes [51], patients used a mobile
phone or a web browser to log their glucose readings, insulin
doses, and the amount of medication they were taking. A diabetes
educator reviewed these data once a week and sent patients cus-
tomized feedback using text messages and the website. The SMS
feedback was highly specific. Kim and Kim write that examples
of feedback included messages such as “please decrease the long-
acting insulin by two units” and “please add one tablet of sulfonyl-
urea in the evening” [51, p. 400]. Their results show that these brief
coaching messages can be very effective. The intervention group in
their study had significantly better HbA1c levels than the controls
at 3, 6, 9, and 12 month follow-ups, with the glycemic control
continuing to improve over that whole period. Park et al. [52] have
recently used a very similar intervention with obese patients with
hypertension, also with positive results. The Sweet Talk system for
young adults with diabetes [44,53] also includes a SMS-coaching
component. In Sweet Talk, users are able to send questions to their
healthcare team via SMS. These questions are forwarded to the
best person to answer them (e.g., a doctor or a dietician), who then
writes a response that gets forwarded to the user’s phone as a text
message. As with Kim and Kim’s study, a year-long RCT of Sweet
Talk showed that SMS-based coaching interventions can have
meaningful clinical impact. Over the course of the Sweet Talk trial,
the intervention arm significantly decreased their HbA1lc levels
(from 10.1% +1.7% to 9.2% +2.2%, p <0.001), while the standard
treatment arm showed no improvement.

Finally, in some interventions, clinician-patient interactions
take place through a web application. For example, MAHI—Mam-
ykina et al.’s [23] mobile phone application for people who are
newly diagnosed with diabetes—Iets users upload glucose readings
and audio and photo diary entries about their diabetes manage-
ment to a secure website. On the website, patients can reflect
and comment on their data and can discuss the data with a diabe-
tes educator. Mamykina et al. [23] report that many of their partic-
ipants found the ability to get feedback about the concrete self-
management problems they were struggling with to be the most
valuable aspect of MAHI. The use of photographs worked well for
this purpose. (Similarly, an earlier intervention by Smith et al.
[25] showed positive results for the use of photographs to foster
reflection in diabetes self-management.) For visual data such as
photos, a web application can provide a much richer interaction
environment than can text messages or even a phone call. At the
same time, a mobile phone provides a nearly perfect tool for cap-
turing such data, enabling quicker and richer data acquisition than
is possible through traditional journaling.

Each of the three modalities for providing coaching feedback
has its own benefits and downsides. Telephone calls are highly
interactive, enabling in-depth discussions and problem solving.
Consequently, they can be very effective for helping patients to de-
velop self-management skills. However, phone calls are labor
intensive for healthcare providers and require coordination of pa-
tients’ and clinicians’ busy schedules. SMS can be effective for rou-
tine troubleshooting—adjusting the dose of a medication,
providing tips for changes in specific daily activities, etc.—but they
are less well suited for helping newly diagnosed patients to learn
how to manage their illness or to find solutions for persistent
self-management problems. Online interactions through forums
and secure messaging, such as those used by Mamykina et al.,
might provide a happy medium in this regard. Although they can
be labor intensive, the asynchronous nature of web-based commu-
nication makes such interactions more flexible than telephone
calls. The ability to share multimedia content and links to educa-
tional and problem-solving resources makes such web-based clini-
cian-patient communication very well suited for facilitating self-
management skills while also supporting brief interactions when
those are sufficient for ongoing health management.

Mobile phones enable effective remote coaching interventions
that can help chronic disease patients to learn a range of complex
skills that they need to manage their condition. Phones serve this
purpose both by enabling patients to collect data about their activ-
ities and physiological measures and, in SMS coaching interven-
tions, by providing a way for them to receive concrete, tailored
feedback about how to manage their illness more effectively.

5.2.2. Remote symptom monitoring

In addition to remote coaching, mobile phones are commonly
used to monitor patients’ health and to alert the healthcare team
if dangerous symptoms develop. Timely detection of such symp-
toms and worrisome physiological parameters is key to prevention
of potentially serious deterioration in patients’ health. Thus, many
interventions use data captured with mobile phones to look for
such indicators and to alert appropriate healthcare providers.

Depending on the condition, symptom-monitoring applications
can take advantage of sensing, self-report, or a combination of the
two. For monitoring patients with heart disease, for example, phys-
iological data are key and remote monitoring applications often
connect to devices that can measure and upload these data auto-
matically. For instance, Villalba et al.’s [54,55] system combines a
mobile phone application and a variety of Bluetooth-connected de-
vices—a blood pressure cuff, respiration and ECG sensors embed-
ded in an instrumented shirt, accelerometers, and a digital
scale—to enable chronic heart failure patients to collect data about
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their health status. Patients’ data are automatically uploaded to a
server and are continuously monitored for signs of decompensa-
tion. If decompensation is detected, the patient’s physician is
immediately notified by pager and email. Similarly, Rubel et al.’s
[7] system uses a mobile phone connected to a portable device
with an electrocardiogram. Heart disease patients use the sys-
tem—called PAM—to monitor the condition of their heart over
time. Every time a patient records an ECG reading, the PEM soft-
ware compares the new reading to the person’s baseline and recent
history. ECG readings outside the patient’s normal range generate
alerts, and if the system determines that a heart attack is imminent
both the patient’s physician and the nearest emergency call center
are immediately notified.

Patients can also report their symptoms using self-report ques-
tionnaires built into a phone application. For example, an applica-
tion developed by researchers in the UK [56-59] facilitates
monitoring of toxicity symptoms in cancer patients undergoing
chemotherapy. The system uses phone-based questionnaires to as-
sess six toxicity indicators: nausea, vomiting, mucositis, hand-foot
symptom, diarrhea, and fatigue. Patients’ responses are uploaded
to a server, and if the software determines that reported symptoms
are potentially alarming, the system generates “amber” or “red”
alerts to the patient’s healthcare team.

Patients who use these symptom monitoring systems consis-
tently report feeling reassured with the knowledge that their
health is being monitored [43,58] and with the fast response from
the healthcare team in cases when the system detects that some-
thing might be wrong [30,58]. In addition, Scherr et al.’s [6,60]
work with chronic heart failure patients has shown that such sys-
tems can have measurable positive effects on health and clinical
care. CHF patients in Scherr’s [60] study used a mobile phone
application, a Bluetooth-enabled blood pressure monitor, and a
digital scale to transmit their blood pressure, weight, and medica-
tion dosages every day. Study physicians had access to the data
through a secure website, and data that fell outside of a predeter-
mined range generated automatic alerts that were sent to the phy-
sicians. Scherr et al.’s results show that the study group that used
the intervention had both fewer hospitalizations than the controls
over a 6-month period and that their hospitalizations were signif-
icantly shorter (median of 6.5 days for the intervention group vs.
10 days for the controls).

The design of symptom-monitoring systems remains challeng-
ing. To be effective, symptoms need to be assessed and monitored
regularly, but this need must be balanced against the burden of
monitoring. For example, excessive reminders to report symptoms
can be negatively perceived [e.g., 21], potentially leading to system
abandonment. Similarly, sensitivity is needed to balance clinician
burden. For example, in Logan et al.’s [30] work on remote moni-
toring of hypertensive diabetic patients, physicians were very con-
cerned about the negative impact of such systems on their
workload (as well as the legal liability that this new data stream
might introduce). Thus, they requested that the symptom reports
be sent to their offices only by fax. Although remote-monitoring
systems can be hugely beneficial, especially for life-threatening
conditions, such burden and workflow issues need to be carefully
considered.

5.2.3. Automated feedback

To increase patients’ access to health expertise and to make it
available when patients most need it, automated systems can en-
code the types of feedback clinicians could provide if they were gi-
ven the patients’ tracked data. The types and complexity of such
feedback vary greatly. At the simple end, in Holtz and Whitten’s
[43] intervention for self-management of asthma, users log their
peak flow readings using SMS, and the system sends back one of
three possible responses: (1) that the patient’s peak flow value is

OK, (2) that the patient should follow her asthma action plan, or
(3) that the patient should call her physician. At the complex
end, Larsen et al.’s [57] and Kearney et al.’s [56] chemotherapy
symptom management system provides sophisticated and tailored
automated feedback. Depending on the symptoms that the patient
reports, the system suggests specific strategies for managing those
symptoms. For example, if the patient reports diarrhea, she might
be told to drink fluids, use rehydration sachets, or take an anti-
diarrheal medication, depending on reported severity [57]. As an-
other complex example, Morris et al. have developed a system
for managing stress and negative emotions [61,62]. Throughout
the day, the phone prompts users to report how they are feeling.
Users who indicate intense negative emotions, such as anger or
anxiety, are prompted with an option to do an appropriate coping
exercise drawn from cognitive psychology. For example, the appli-
cation can present the user with an animated breathing exercise or
ask a set of questions aimed at deescalating the user’s intense an-
ger. Morris et al.’s data from a field study of this application indi-
cate that using the system helped their participants significantly
reduce their anger, anxiety, and sadness ratings over the course
of the study [62].

The feedback that a phone-based intervention provides can be
further customized by taking into account not only the information
that the user is tracking but also the user’s health profile and other
relevant information. In Haug et al.’s [2] “SMS Coach” smoking ces-
sation intervention, for example, individuals are prompted over
SMS with weekly questionnaires that assess their smoking status
and intention to quit. The system combines these data with the
information about the user’s stage of change, smoking history,
self-efficacy, and reasons for smoking to select customized motiva-
tional and educational messages that are sent to each person three
times a week. A similar intervention by Obermayer et al. [1] uses
user profiles to send coping messages at times of the day when
individuals trying to quit reported that they were most likely to
smoke (e.g., after dinner).

Automated feedback can make it easier for patients to get
timely and relevant health management guidance that does not
depend on the availability of healthcare professionals. However,
to be effective, automated feedback needs to be sufficiently tai-
lored. For example, Obermayer et al.’s [1] participants reported
that the coping messages they were receiving were not customized
enough for the situations in which they were tempted to smoke,
and Haug et al’s [2] participants desired more diverse feedback
than the intervention provided. How to design highly customized
and effective types of automated feedback remains an important
open research question. Even simple representations of progress
and goal attainment, however, can enhance motivation and facili-
tate the difficult behavior change process.

5.3. Leveraging social influence

Effective health management depends not only on the patients
and their clinicians but also on the patients’ social environment
[63]. For example, Wang and Fenske [64] found that chronic dis-
ease patients who received support from family and friends en-
gaged in significantly more self-care behaviors than those who
did not. Similarly, in a study of predictors of women’s continued
exercise after cardiac rehabilitation, of all the examined factors
only social support predicted exercise persistence [65]. Support
from family and friends has been associated with lower hospital
readmission rates [66,67], as well as longer survival times in pa-
tients with heart failure [68]. In addition, epidemiological studies
by Christakis and Fowler [69,70] have indicated that the structure
of individuals’ social networks influences not only their health
risks (e.g., probability of becoming obese), but also their ability
to adopt health-promoting behaviors, such as quitting smoking.
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For such reasons, a number of recent mobile-phone interven-
tions leverage social influence to promote health behavior change
and effective management of chronic diseases. These interventions
have pursued this strategy in three different ways: (1) by facilitat-
ing social support or competition among individuals who share the
same health goal (i.e., peer-to-peer influence), (2) by facilitating so-
cial support from family and friends, and (3) by leveraging peers
who have succeeding in accomplishing similar health goals (i.e.,
peer modeling). We review these intervention types next.

5.3.1. Peer-to-peer influence

Several mobile-phone interventions try to facilitate social influ-
ence among people who are working on the same health goal—
such as increasing physical activity or managing diabetes. These
systems have used two types of social influence to further this
goal: social support (i.e., providing encouragement, reassurance,
and empathy) and competition.

Consolvo et al.’s application Houston [71] uses peer-to-peer so-
cial support to help individuals to be more physically active. Indi-
viduals use Houston to share their daily step counts and progress
toward their daily step goals with a group of friends (“fitness bud-
dies”) and to send messages of encouragement to each other. Users
can also annotate their step count records with additional informa-
tion (e.g., that a person went hiking or had the flu) to make it easier
for their fitness buddies to understand the context of a particular
daily step count. To help users manage how they share their infor-
mation, Houston provides controls to make it possible for a user to
share a step count record with only certain buddies, with everyone,
or with no one. Results from a pilot evaluation of Houston revealed
that messages of social support were very motivating and that
competition among buddies was often seen as helpful. Study par-
ticipants who used the social version of Houston were significantly
more likely to reach their daily step goals than participants who
used a version of Houston that supported step count tracking but
did not support sharing. However, in spite of its benefits, sharing
sometimes also introduced discomfort, especially when a partici-
pant was not being very active [71].

Rodger et al.’s [72] text messaging intervention uses a similar
peer-to-peer support strategy. Their system for smoking cessation
used user profiles to connect individuals in the intervention with
unfamiliar “quit buddies” who shared similar characteristics. How-
ever, Rodger et al. provide no detail about how well this part of the
intervention worked, or how and to what extent system-assigned
buddies interacted.

Franklin et al’s [44,53] Sweet Talk system implements an
impersonal version of peer social support. In Sweet Talk, an indi-
vidual in the intervention can send a message that is anonymously
forwarded to all other participants in the intervention. Sweet Talk
users used this mechanism to send tips, success stories, or purely
social messages [53]. The purpose of this intervention component,
Franklin et al. [44] write, was to create a sense of community while
protecting the group from text-bullying through moderation of for-
warded messages. Franklin et al.’s [53] analysis of messages sent
by participants during a 6-month randomized controlled trial
showed that the community building aspect of the intervention
was at least partly successful. Messages intended to be forwarded
to others—with tips, frustrations with diabetes self-management,
personal experiences, etc.—were the second most common type
of message that study participants created, right after submissions
of blood glucose readings, indicating that the participants found
such social messages to be valuable.

In contrast to Consolvo’s, Rodger’s, and Franklin’s systems that
encourage social support, Gasser’s [39] Mobile Lifestyle Coach
application attempted to use competition as a way to encourage
individuals to be physically active and eat healthily. In the compet-
itive, social version of the application, users were assigned into

teams of five. The mobile phone interface made an individual’s pro-
gress toward her daily goal visible to the whole team, and the pro-
gress of the team—shown as each member’s individual progress as
well as in cumulative terms—was displayed alongside the progress
of the opposing team. Gasser et al. report that individuals in the
competitive, social condition of their study did not do any better
than the participants who took part in the condition that tested
the individual version of the system. Although in this case the ele-
ment of competition did not help, it also did not seem to hurt or be
perceived negatively. This result contrasts with results in studies
by Consolvo et al. [71] and Lin et al. [73], both of which found that,
although liked by some users, competition hurt other participants’
motivation. Such mixed results suggest that if competition is going
to be used as a motivation tool in mobile health technologies, it
should be an optional element of these systems.

5.3.2. Social support from family and friends

An alternative form of social influence can come through sup-
port from family and friends. For example, Obermayer et al.’s [1]
intervention for smoking cessation enabled individuals participat-
ing in the intervention to nominate a “support person” from their
personal social networks who could provide social support during
the quitting process. Using the web component of the intervention
system, a support person could monitor the progress of the quitter
and send messages of encouragement and support that were for-
warded to the quitter’s phone via SMS. Interestingly, only a minor-
ity of participants in either Obermayer et al.’s [1] original study or
in Riley et al.’s [74] follow-up study of the system chose to nomi-
nate a support person. It is not clear whether this lack of interest in
having a support person was due to some aspect of this particular
intervention or if it reflects a general weakness of this approach to
facilitating social support. A similar result reported by Franklin
et al. [53]—that none of the participants in their study of Sweet
Talk nominated a friend or family member to receive their goal
messages—suggests that sharing with people who are not pursuing
the same health goal, even those close to the person, might be per-
ceived as problematic or at least not very helpful. Future work is
needed to understand the desires and needs of patients for such so-
cial support in mobile-phone health interventions.

5.3.3. Peer modeling

In addition to motivating individuals through encouragement,
praise, and competition, some mobile-phone health interventions
provide users with support through modeling and exchange of
information, such as tips and pointers to health-related resources,
from successful peers. The social cognitive theory has shown that
such social learning practices are a key ingredient of successful
behavior change [63]. As such, social learning strategies are partic-
ularly useful for helping individuals to adopt health-promoting
behaviors, such as healthy diets.

Whittaker et al. [75] have used modeling in a smoking cessation
SMS intervention for Maori youth. For the intervention, Whittaker
et al. created a set of 30-s videos featuring “role models” who have
successfully quit smoking. In the video clips, role models talk about
their experiences with quitting and encourage viewers that they
too can quit. Participants in Whittaker et al.’s intervention were
sent text messages with links to these motivational video clips.
They could then click on the links and watch the videos directly
on their mobile phones. The participants in the intervention were
overwhelmingly positive about the videos, stating that the use of
video made the stories more real and made it easier for them to re-
late to the role models. An important aspect of the success of Whit-
taker et al.’s intervention was that the role models were selected
from the local Maori community, making it easier for participants
to identify with them. The use of video was key in conveying
this aspect of the intervention. While video imposes additional
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technical requirements that could potentially limit the reach of an
intervention, for modeling interventions the immediacy provided
by video can greatly enhance the connection that users feel with
peer models.

Grimes et al. [76,77] used a related strategy in their interven-
tion for improving diet in a low-income African American commu-
nity. Grimes et al.’s EatWell application enabled users to use their
mobile phones to call a system where they could record and listen
to “memories” about eating healthily in their local community.
Users left stories about their successes and challenges and with
tips about healthy recipes and local places where one could get
tasty but healthy meals. As with Whittaker et al.’s intervention,
the local nature of EatWell was key to its acceptance by users.
The tips that were exchanged through EatWell were both highly
relevant because they were about local food establishments and
stores, and were perceived as being culturally appropriate and
helpful because they were coming from other community mem-
bers with similar eating patterns and tastes.

Whittaker et al.’s and Grimes et al.’s results indicate that mo-
bile-phone health interventions can effectively facilitate social
learning to encourage health-promoting behaviors. Insofar as so-
cial learning is strengthened by tailoring the intervention to local
and cultural resources, technologies such as GPS and geo-tagged
social networking updates (e.g., Twitter) could enable researchers
to customize their phone-based interventions to specific user
groups and contexts even further.

Results from studies reviewed in this section suggest that mo-
bile-phone interventions that incorporate social influence can be
both effective and well liked by users. However, they also indicate
that precisely how the social component is designed can signifi-
cantly affect the usefulness and acceptability of an intervention.
A careful design process and preliminary testing of a new system
in small-scale field studies is, therefore, necessary for this type of
phone intervention.

5.4. Increasing the accessibility of health information

One of the chief advantages of using mobile phones for health
interventions is that intervention content can be delivered to indi-
viduals without any effort on their own part. By using text mes-
sages, for example, an intervention can be “pushed” to
individuals’ phones, providing reminders, health information,
motivational messages, and other kinds of content that can help
them manage their health. Such interventions can provide infor-
mation at the right time—for example, a reminder shortly before
a person should take her medications—and can help individuals
to maintain persistent awareness of and commitment to their
health goals [78]. In this way, mobile-phone health interventions
can make it easier for individuals to manage their health more con-
sistently and, thus, more effectively.

Recent mobile-phone health interventions have used the push
model of delivering health-related information in three main
ways: through informational messages about how to manage
health more effectively, through reminders, and through glance-
able displays. We review these intervention types next.

5.4.1. Informational messages

A common way of using mobile phones for health is to send
individuals information relevant to their health goals or the man-
agement of their condition. Such informational messages fall into
two primary categories: tips and educational content. Tips provide
individuals with concrete strategies they can use to manage their
condition or engage in health behavior change. Smoking cessation
interventions, for example, might send tips on how to avoid weight
gain [72] or offer coping strategies for specific situations, such as
“if you typically experience cravings after breakfast, try getting

up from the table and taking a walk” [1, p. 72]. A weight loss inter-
vention would send users tips on diet and exercise, such as a re-
minder to drink more water [79]. Although in most cases such
tips are drawn from a database of predefined messages, in some
interventions users can contribute their own tips [e.g., 53]. Results
suggest that text messages with health tips are seen as being help-
ful. Gerber et al. [79] report, for instance, that 79% of women in
their weight loss study thought that the tips that they were sent
during the intervention could help them lose weight.

Along with concrete tips, messages sent in health interventions
often include more general educational information related to the
target condition. Messages sent in a smoking intervention can in-
clude information about symptoms of withdrawal or information
aimed at strengthening a person’s decision to quit, such as the
amount of money she would save if she were to stop smoking
[1]. Similarly, Wangberg et al.’s [3] intervention sent text messages
to parents of children with diabetes with information about diabe-
tes management and the nature of the disease. As with tips, educa-
tional messages can have positive impact. For instance,
participants in Wangberg et al.’s study expressed that the informa-
tion they received during the intervention made it easier for them
to talk with their adolescent children about diabetes.

Informational messages are a lightweight health intervention
that can help individuals to learn to better manage their health
and stay engaged with their health goals. However, although infor-
mational messages can be helpful, Fjeldsoe et al.’s [80] comprehen-
sive review of text messaging interventions for behavior change
showed that tailored messages are more effective than generic
messages. Participant comments in the studies we reviewed sup-
port these findings. For example, participants in Obermayer
et al.’s [1] smoking cessation intervention wanted feedback that
was customized to their own high-risk situations. In addition,
Fjeldsoe et al. found that interventions where users actively com-
municated with the healthcare team or with each other worked
better than interventions where they just passively received infor-
mation. For such reasons, informational messages would ideally be
a part of a comprehensive intervention and not a full intervention
in their own right.

5.4.2. Reminders

Another simple type of intervention that takes advantage of the
push model is to send users reminders. Such reminders have been
used in a variety of applications, from those where the reminders
are the sole intervention to those where the reminders are one
component of a comprehensive health intervention.

As the sole intervention type, one particularly important appli-
cation of reminders is to increase medication adherence. For exam-
ple, Curioso and colleagues [81] developed an SMS reminder
system to increase HIV patients’ adherence to antiretroviral ther-
apy (ART)—a type of treatment where extremely high levels of
adherence (over 95%) are paramount to both immediate and
long-term effectiveness. Similarly, Strandbygaard and colleagues
[82] have used daily SMS reminders to increase adherence to asth-
ma treatment. Although such reminders can be very effective—
Strandbygaard et al. report that the participants in the intervention
arm of their trial had 17.8% higher adherence to anti-asthmatic
medications after 12 weeks than the controls—the results are not
always positive. For example, daily SMS reminders used to increase
adherence of French soldiers to malaria chemoprophylaxis did not
result in increased compliance [83].

Another common use of reminders is to increase the consis-
tency of health-promoting behaviors that individuals often forget
to do. For instance, reminders are commonly used to increase the
attendance of medical appointments. Even a single text message
sent 24-48 h prior to an appointment can significantly reduce
the number of appointment no-shows. SMS reminders have been
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successfully used to increase appointment attendance in primary
care [4,33], in family planning clinics [84], for chronic disease fol-
low-up appointments [34], and for ophthalmology appointments
[32]. Similarly, Armstrong et al. [5] showed that a text-messaging
reminder can significantly increase regular application of sun-
screen. In a study with 70 participants over 6 weeks, adherence
to sunscreen application in the group that received daily SMS
reminders was nearly twice as high (56%) as in the control group
(30%) even though there was no difference between the two groups
at baseline. Castafio and Martinez [85] used SMS reminders to help
sexually active adolescents to regularly take their oral birth con-
trol. For such easy health-promoting behaviors, where the main
barrier to doing them regularly is forgetting to do them, reminder
interventions using SMS can be an excellent fit.

In multifaceted interventions, reminders are often paired with
tracking applications, where individuals monitor their behaviors
or physiological states. Many remote coaching and automated
feedback interventions use reminders to ensure that participants
are uploading their data regularly. Diabetes management interven-
tions, for example, have reminders that are triggered if a patient
does not upload her glucose readings in a certain amount of time
[40,47,51]. Similarly, asthma [43] and hypertnsion [30] manage-
ment interventions send patients reminders if they have not up-
loaded their peak flow or blood pressure readings regularly.

Although most health interventions use text messaging as the
mechanism for delivering reminders, reminding functionality can
also be a component of a native phone application. For example,
if users of UbiFit [28] do not journal any physical activities in
24h and no activities are automatically detected, the system
prompts them and asks whether they want to add anything to
the exercise journal. These reminders are a part of the UbiFit appli-
cation itself, and they discreetly wait on the phone’s screen for the
next time the user picks up the phone.

Literature suggests that reminders can be well received by
users. Participants in the UbiFit studies [8,28] were very positive
about reminders to journal their activities, partially because the
reminders were not obtrusive—there was no sound and the user
just saw the reminder next time she used the phone. Even the
more obtrusive text-messaging reminders can be well liked
[5,43]. However, the design of reminders is important. Users object
to reminders that are perceived as being unnecessarily too fre-
quent [21]. The content of the reminders matters as well. For in-
stance, during the participatory design of their reminder system
for medication adherence, Curioso and colleagues [81] found that
their users wanted the reminders to be motivational (reminding
them not only what they need to do but also why they are doing
it), direct, and privacy-preserving (e.g., using code words instead
of direct references to sensitive health conditions, in case someone
were to see the recipient’s phone). Although the content and fre-
quency of reminders varies from intervention to intervention, such
findings suggest that minimizing disruptiveness (both of users’
time and potentially social relationships) is an important consider-
ation for the design of effective reminder-based health interven-
tions. At the same time, Curioso et al.’s findings indicate that
thoughtfully designed reminders have a potential to do more than
just remind individuals: they can also motivate, increasing the
probability of being effective.

5.4.3. Glanceable displays

Informational messages and reminders are both push interven-
tions in the narrow sense—they are delivered to the user’s phone
on a schedule determined to maximize the likelihood that the
delivered information will be effective. In contrast, recent work
on glanceable displays aims to make health-related information
visible every time a user picks up the phone. Glanceable displays
provide users with an overview of their health information that

can be interpreted at a glance and that is visible throughout the
day. In this way, glanceable displays support persistent awareness
of health goals and increase the likelihood that users will engage in
health-promoting behavior.

For example, a key component of the UbiFit application [8,28] is
the feedback about users’ physical activities that is displayed on
the background screen (i.e., wallpaper) of the users’ mobile phones
(Fig. 1). UbiFit uses a stylized image of a garden to display physical
activities that users perform each week. Different types of flowers
represent different types of physical activity—walking, cardiovas-
cular exercise, strength training, flexibility training, and other.
The user gets a flower for every 10 min of walking or cardiovascu-
lar exercise, and for each session of one of the other types of phys-
ical activities (e.g. stretching or strength training). The garden is
automatically updated either when the sensing device detects an
activity or when the user manually journals a new activity. If users
meet their weekly activity goals, a large butterfly appears in the
garden. Up to three smaller butterflies represent goal attainment
for the previous 3 weeks.

Through the use of the garden display on the background
screen, UbiFit enables users to see at a glance how active they have
been this week, how varied their activities have been, and whether
they have attained their weekly goals. Because the garden is visible
each time they use the phone, users have frequent encounters with
feedback about their physical activity. This exposure causes cogni-
tive activation of physical activity goals—making it more likely that
users will continue to be active and notice opportunities to engage
in physical activity [78,86].

A 3-month trial of UbiFit demonstrated the power of this ap-
proach. Participants who had the background display managed to
maintain their level of physical activity over the course of the 3-
month study—including the winter holiday season—while the
activity of participants without the display, who used the same
journaling application, significantly decreased during this period
[8]. Study interviews revealed that seeing the garden display
throughout the day kept physical activity in the front of partici-
pants’ minds. These results suggest that glanceable displays are a
promising avenue for facilitating health behavior change. Chiu
et al.’s [87] Playful Bottle system for motivating water intake uses
arelated approach—they have created a mobile game that provides
feedback in the form of a tree that slowly loses its leaves if the user
does not drink enough water. Stylized representations such as
those used in UbiFit and Playful Bottle could be an effective way
of presenting health information on displays that are likely to be
seen by people other than the user. They also open another avenue
of intervention personalization, potentially enabling users to pick
“themes” that most resonate with them. One participant in the
UbiFit trial, for instance, suggested that for him the system would
have been much more motivating if it had used robots instead of
flowers to represent different types of physical activity.

By increasing the accessibility of health information, these
interventions support individuals’ ability to stay engaged with
their health throughout the day. For a class of health-promoting
activities that require high consistency in order to be effective—
such as adoption of new healthy habits or adherence to a critical
medication regimen—this persistent engagement with health
information is paramount. Yet, a remaining challenge is how to
maximize the effectiveness of the pushed health information while
minimizing the burden on the individuals using them.

5.5. Utilizing entertainment

Few people would refer to managing their health as “fun”. Yet, a
growing number of recent phone-based health interventions have
begun to leverage some form of entertainment to engage individu-
als with their health goals.
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cingular

Fig. 1. UbiFit's glanceable display on the phone’s background screen. Different types of flowers represent different types of physical activities that the user performed this
week (walking, cardio, strength training, and stretching). The butterflies indicate if the weekly activity goal was met this week (the large butterfly) and during the previous

3 weeks.

One common form of this strategy is to make reminders and
informational messages more engaging by interspersing them with
other interesting or amusing non-health-related content. For in-
stance, both Armstrong et al’s [5] text messaging intervention
for sun screen application and Rodgers et al.’s [72] smoking cessa-
tion intervention sent their participants messages with fun con-
tent—such as weather forecasts, jokes, sports scores, or
interesting local news—in addition to health messages. Such mes-
sages were well received, keeping individuals interested in the
intervention. In addition, participants in Whittaker et al.’s [75]
smoking cessation intervention for Maori youth explicitly sug-
gested that the intervention could be improved by including jokes,
quizzes, and other such content. Although the inclusion of general
interest content can give health interventions a lighter touch, fu-
ture work will need to investigate whether certain types of non-
health content work better than others to keep users engaged
and whether there are health/non-health content ratios that opti-
mize user engagement while minimizing the burden created by
the inclusion of additional messages.

The second approach to leveraging entertainment that has re-
cently emerged uses mobile phone-based video games to support
health management. In human-computer interaction there is an
established literature on exertion games—games that require
players to invest significant physical effort as a part of gameplay
[e.g., 88,89]. However, the idea that mobile phones can be used
for games that promote health management is very recent. In
two recent papers, DeShazo et al. [31,90] describe a set of simple
phone games that teach patients with diabetes how to estimate
carbohydrate content and caloric value of various foods (Fig. 2).
They have adapted familiar games of Hangman, QuizShow, and
Countdown to include questions about food relevant to diabetes
and to slowly scaffold users’ knowledge about nutrition. In Hang-
man, for example, users are given six chances to guess how many
carbohydrates are contained in a given food before the stickman
is hanged. To make them more effective, all games can be per-
sonalized based on whether users are vegetarian or not, what
their educational goals are (i.e., to learn to estimate carbohy-
drates, calories, or energy density), and what their current skill
level is. DeShazo et al.’s [31] early results indicate that players
perceive the phone games to be enjoyable and that they think
that playing the games has increased their knowledge about
nutrition.

Grimes et al. [91] have taken a similar approach with their Ord-
erUP! game for helping African Americans learn to eat more health-
ily. In the game, users play a waiter at a restaurant and try to
recommend, from the given choices, the healthiest food option for
restaurant patrons. The healthier recommendations the users make
and the more quickly they do it, the longer they get to keep the job
in the game. As with Grimes et al.’s [76] EatWell system, the food
options in OrderUP! were customized to the food choices that were
popular and readily available in the community that the game was
targeting. A 3-week trial of the game showed that participants
found the game to be enjoyable as well as educational. Participants
expressed that playing the game both helped them learn about the
healthfulness of the foods they typically ate and that it influenced
their food choices. However, the participants thought that the edu-
cational value of the game was limited by the lack of feedback about
why certain foods in the game were healthier than others.

One particularly attractive feature of games like those devel-
oped by DeShazo et al. and Grimes et al. is that they enable individ-
uals to use microbreaks—brief periods of free time during the day
(e.g., while waiting for a bus or at the grocery store)—to increase
their self-management knowledge while engaging in an entertain-
ing, relaxing activity. Both of these games could be played in just a
few minutes. The use of such frequent breaks to improve health
management skills could have far reaching positive health
outcomes.

The use of phone-based video games for health is in its infancy
but is quickly developing. The 2011 meeting of the Games for
Health conference (www.gamesforhealth.org), for instance, had a
full day of presentations on mobile serious games, many of which
are about health. This space is wide open for innovative research
that can not only support individuals in managing their health
but also do so in an enjoyable, immersive way.

6. Discussion

In this paper, we identified five strategies that have been used
in mobile-phone health interventions and the different ways in
which those strategies have been implemented in systems devel-
oped in health sciences and human-computer interaction. Recent
technological advances are creating opportunities for further
developments in interventions based on each of these strategies.
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Fig. 2. DeShazo et al.’s phone-based games for teaching nutritional skills to diabetic patients. Users are asked to estimate nutritional content of various foods. Correct answers

earn users points in the games.

In this section, we briefly review what we see as the main direc-
tions for future work in this important area of health research.
Most mobile-phone interventions based on monitoring of
health information focus only on capturing information about the
health activities and states that are directly tied to individuals’
health goals, such as the amount of physical activity or peak flow
in asthma management. Yet, both in health behavior change and
chronic disease management, understanding the context that
influences these activities and states can be very important for
developing effective health management practices. Mobile phones
can make it possible to capture such contextual information to
help individuals—and their healthcare providers—to better under-
stand the concrete circumstances that influence their health and to
develop strategies to address those patterns. By automatically
associating captured information about health-relevant activities
and states with location, time of day, and other information con-
tained on the phone, such as calendar events or recent emails
and phone calls, phone-based interventions could help individuals
construct a rich understanding of the range of factors that influ-
ence their health and health-related behavior. Similarly, toolkits
like MyExperience [92] and Open Data Kit [93] can help make
the very capture of self-report data smarter. By triggering ques-
tionnaires about health-related activities and states not only at
predetermined times but also based on users’ location, detected
activities and physiological measures, and other factors that the
phone can sense, phone-based interventions can capture self-re-
port data at the times that are most critical to individuals’ health
goals (e.g., by capturing a user’s emotional state when initial signs
of stress are detected). Such information, in turn, combined with a
variety of sensing data, could enable truly effective just-in-time
interventions. Although their potential has been recognized for
several years [17,18], mobile phone technology is only now getting
to the point where such interventions are technically feasible.
Improvements in phone technologies are also opening new
opportunities for facilitating involvement of clinicians. The quality
of photo and video recording available on modern mobile phones
makes it possible to use these devices as ubiquitous and inexpen-
sive telemonitoring terminals. Schreier et al.’s [24] intervention for
remote monitoring of psoriasis is a good example of the kinds of

clinical interactions that mobile phones make possible. Recent
developments of sophisticated medical devices that interface with
mobile phones, such as AliveCor’s iPhoneECG system (www.alive-
cor.com) or Mobisante’s MobiUS smartphone-based ultrasound
system (mobisante.com), could enable phone-based consultations
for a range of conditions, greatly facilitating specialist care in areas
where local healthcare resources are lacking.

Mobile-phone interventions are just beginning to explore the
potential of leveraging social networks. In combination with light-
weight tagging and automatically added location data, social net-
working tools like Twitter and Facebook can enable a whole class
of new applications that use mobile phones to seek and share ad-
vice, expertise, support, and local resources for health manage-
ment. Such applications could enable creation of ad hoc social
networks of people with similar health goals or concerns, helping
individuals to connect with others and to get health-related infor-
mation and advice that is highly customized to their locations, cul-
tural backgrounds, and health situations. Additionally, such looser
social networks might avoid some of the social frictions that arise
with changes in intensity of sharing in more tightly knit networks,
such as those utilized by the Houston system [71].

Similarly, location and other contextual information, such as the
user’s calendar, could be used to alert individuals to opportunities
for healthy activities and local resources relevant to their health
situation (e.g., nearby restaurants that serve healthy food or a sug-
gestion to take a walk after a long meeting). If such prompts are
made suitably unobtrusive and diverse—potentially by drawing
on information mined from social networking tools—they could
provide a dynamic way to keep individuals engaged with their
health goals over extended periods of time, further building on
benefits provided by reminders and glanceable displays.

As we already mentioned, the field of mobile-phone games for
health is only starting. Future work should investigate both new
types of games (e.g., augmented reality games that superimpose
relevant health information on real world objects) and new ways
to motivate health through gaming. For instance, Berkovsky et al.
[94] has investigated providing in-game rewards for performance
of physical activity and Harris et al. [90] have experimented with
tethering health educational content to standard, non-health
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games such as Sudoku. Exploring other strategies for motivating
health behavior and education through games and other forms of
entertainment should be an important direction of future work.

Lastly, the vast majority of phone-based interventions we iden-
tified for this review focus on only three areas: chronic disease
management, supporting health behavior change, and monitoring
of symptoms and critical events. Although all three areas are extre-
mely important, other aspects of health management could benefit
from mobile phone-based solutions. Key among them, we believe,
is personal health information management [95]. The ability to ac-
cess their health information from anywhere, to easily collect and
group care-related information as the information is first encoun-
tered, and to have relevant health-related information integrated
with other daily tools (e.g., calendar), could greatly benefit pa-
tients, especially those who are undergoing treatment for complex
conditions such as cancer. The work in this area is just beginning.
As of mid 2011, Microsoft just announced a mobile-optimized
website for Microsoft HealthVault—the preeminent third party
personal health record—but robust mobile phone applications that
use HealthVault are yet to be developed. Even the few patient por-
tals that currently provide mobile access—such as Spectrum
Health’s MySpectrum portal—support patients’ personal health
information management needs in only limited ways. For instance,
patient portals typically do not allow patients to enter their own
data or annotate their records. Some of our own ongoing work at-
tempts to fill this gap [96,97], but much more work is needed in
this area.

7. Limitations

The review presented in this paper has two main limitations
that are important to acknowledge. The first limitation is that the
review is largely based on research literature from health sciences
and human-computer interaction and does not survey the many
commercial mobile-phone health interventions that have been
developed in recent years. One reason for this choice is that, unlike
for research literature, there is no systematic way to get a compre-
hensive overview of commercial products. The other reason, how-
ever, is that our goal was to provide an overview of the design
space of phone-based intervention and that in the commercial
products we found we did not identify any intervention strategies
that were not also represented in the research literature. Of course,
given the sheer number of commercial systems in this area, it is
certainly possible that we overlooked products that break new
ground in spite of our efforts to be comprehensive.

The other limitation is that the large majority of systems we re-
viewed here are intended to be used by patients or other individ-
uals who are working on their own health goals. We did not
review phone-based systems that help individuals to manage the
health of another person, such as a child or an elderly family mem-
ber. There is exciting new work in this area [e.g., 98] which is likely
to lead to the development of novel intervention strategies which
are currently not used in phone-based interventions for patients
themselves. We suspect that at least some of those new strategies
will be applicable to personal health applications as well, further
contributing to our understanding of how to develop effective
phone-based interventions that can help individuals to manage
their health more effectively, consistently, and enjoyably.
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