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Abstract— The increasing cost of healthcare represents a
serious challenge to most developed countries. Telehealth has
been widely promoted as a technology to make healthcare more
effective and affordable. However, current telehealth systems
suffer from vendor lock-in and high cost, and are designed
for managing chronic diseases, rather than preventing them.
In this paper we evaluate technologies for supporting senior
health consumers. Based on this we propose a framework for a
novel telehealth system overcoming many of the shortcomings
of existing technologies. The new system is web-based, has
a Facebook-like plug-in architecture for adding new health
applications, and incorporates social networking functionalities.
We discuss the challenges in implementing the system, and
summarize a user study evaluating the system. Our results
demonstrate that health consumers have a positive view of this
new telehealth technology, and that it can positively change the
attitude of users towards their health.

I. INTRODUCTION
The healthcare systems in many developed countries are

struggling with an increasing number of elderly people, more
chronic diseases affecting them, a shortage of healthcare
professionals, and healthcare spending rising faster than
GDP [49], [30]. A recent study revealed that the three
main emerging issues concerning public health are: providing
access to affordable healthcare, solving chronic health prob-
lems and preventing diseases [16]. One promising approach
to achieve these goals is to empower health consumers to bet-
ter manage and monitor their health. Home-based healthcare
applications can enable users to track their health status and
to actively participate in treatment regimes and preventive
strategies. In order to impact overall healthcare spending
such systems must be widely available and affordable.

In this paper we will review consumer-level health in-
formatics applications and demonstrate their advantages and
shortcomings. Based on this we will propose a novel frame-
work for web-based, patient-centric, affordable and extend-
able telehealth systems and explain in detail the development
of a prototype based on this framework. Our implementation
uses OpenSocial and Drupal to achieve social networking
functionalities and a Facebook-like plug-in architecture for
user generated healthcare content. Our user study shows
that elderly users welcome the opportunity to become more
proactive in managing their health, and that such tools can
empower users and give them more control over managing
and improving their health.

Section II analyzes current consumer-level health infor-
matics applications. Section III derives requirements for a
more patient-centric telehealth system. Section IV presents

our framework for a novel telehealth system and Section V
and VI explain its design and implementation, respectively.
We evaluate our prototype in Section VII and conclude the
paper in Section VIII with a summary of our contributions
and future work.

II. CONSUMER-LEVEL HEALTH INFORMATICS
APPLICATIONS

The most common consumer-level health informatics ap-
plications are telehealth systems, health record management
systems, health information websites, and exergames.

Telehealth systems consist of vital signs measurement de-
vices and a patient station, which allows interaction between
patients and care providers [45]. The patient station can be
a mobile phone, a specialized PDA-like device [15], or a
sophisticated computing device with a large display allowing
video conferencing [2]. The system’s clinical interface allows
care providers to check individual patient data or to monitor
an entire cohort by displaying patient alerts sorted by priority.

Telehealth systems are most commonly employed for
patients with chronic diseases where regular vital signs
monitoring, such as heart rate, blood pressure, or weight,
is necessary. The regular recording of patient data allows
early intervention, reduces hospital admissions, and improves
patients’ quality of life [10]. Further advantages are the
ability to reach underserved sections of the population,
especially those in remote locations [26], and facilitating
“aging in place” rather than in an institution [24]. The main
drawback of telehealth systems is their high price. While it is
widely accepted that the systems are useful to patients, there
is conflicting evidence of their cost effectiveness [48] and
there is a reluctance of many funding agencies, e.g. health
insurance companies, to cover the costs. Since telehealth sys-
tems are part of the formal healthcare system, clinicians owe
the same duty of care as with conventional forms of delivery
and hence their commitment is crucial [14] and suitable
incentives might be necessary. Additional disadvantages are
the need for technical support [5], the inability to touch the
patient [41], missing patient data such as posture, speech and
mental state [18], reduced social contact, and vendor lock-in,
which makes it difficult and costly to add new functionalities
and content.

Health record management systems allow patients to
manage and share their healthcare data (personal health
record) [17], [27]. An increasing interest in these systems
can be observed by employers, professional health groups,



and government agencies. Major software organizations such
as Google and Microsoft initially invested heavily in this
field because of the promise of attracting a large audience
for health-related advertising and services [27]. However,
“Google Health” has been permanently discontinued and
Microsoft’s “HealthVault” [34] is available only at a limited
number of jurisdictions. The usual funders of healthcare,
e.g., governments and insurance companies, seem reluctant
to invest in such systems.

Advantages of personal health records include the empow-
erment of patients, increased patient safety, improved quality
of care, and cost savings by reducing duplicate examinations
and improving diagnosis and treatment. Disadvantages are
the costs of assembling personal health records from different
sources [47], interoperability with existing systems, user
concern about privacy [31], and dealing with different legal
requirements (privacy, security, etc.) in different jurisdic-
tions [17]. A recent comparative study of Google Health
and Microsoft’s HealthVault suggested that both systems had
flaws in the user experience and entry of health data must
be made simpler, quicker and more enjoyable [40].

Health promotion websites include general healthcare in-
formation [32], healthcare support tools [1], education re-
sources [36], monitoring and self-diagnosis tools [29], health
and fitness evaluation tools [37], online care providers [19],
and patient discussion groups [7].

The websites enable users to take a more active role in
their health by raising awareness of symptoms, risk fac-
tors, treatments, and prevention of diseases. This can result
in improved communication with healthcare professionals
and increased compliance. Online doctor consultations can
reduce costs and increase availability of healthcare [33],
[22]. However, the large volume of online health infor-
mation makes it increasingly difficult for users to discern
which resources are accurate and appropriate. Inaccurate
information can result in patients using wrong medication
or not taking prescribed medication, which can have se-
vere medical consequences. Furthermore, a large amount of
advertisement is disguised as independent medical advice,
and the complexity of information requires a high level of
reading ability [38]. Most health related websites merely
provide information about a disease, but do not address lack
of patient motivation, anxiety, low confidence, or ignorance
when considering positive lifestyle changes.

The popularity of computer games is resulting in increased
research and development of “serious games” for use in
therapy, interventions, healthcare education and training [13].
Many professional game developers offer Exergames that
support physical and mental exercises [43]. This trend has
been accelerated by the integration of new sensor tech-
nologies, such as accelerometers and RGBD cameras, into
consumer-level devices (smartphones, Wiimote, Kinect, etc.).

Various studies report that exergames can give players
regular exercise, reduce the risk of falling [8], improve self-
esteem [21], reduce depression [20], and improve partic-
ipants’ feelings about their general health. Despite these
advantages there is still a debate about the long-term benefits

of exergames. A common problem is the limited content
of most exergames and that gameplay might replace other
physical activities. A study using the Wii Fit showed no
noticeable long-term increase in exercise activity and fit-
ness [46]. Memory games can reduce stress and improve
cognitive skills [9], [6], but there is no evidence that this
improves general cognitive abilities [6]. Smart phones can be
used to record patient data such as heart rate [3], physical
activity and falls [23], but results can be unreliable since
there is no independent assessment (e.g., FDA or TÜV
review) or quality standard (e.g., an ISO standard).

III. REQUIREMENTS

A. Literature Review

The above review of consumer health informatics appli-
cations demonstrates a series of shortcomings constraining
widespread use and health outcomes. Commercial telehealth
applications and many health record management systems
are centered around the clinical user, the health service
provider and the vendor’s interest of generating a reoccurring
revenue stream. The applications perform well in collecting,
analyzing and monitoring health data, but there is little
support for patients to positively change their lifestyle.
Furthermore, most of these applications are expensive, suffer
from vendor lock-in, which makes it difficult to add new
content, and their use does not fit into the regular activities
of the user, i.e., the applications are disruptive.

Health information websites offer an impressive range of
information, but it can be difficult to assess the reliability,
meaning, and implications of the information. Web-based
discussion and support groups can provide a more personal
experience and add a social factor which can help patients
with coping and commencing positive lifestyle changes.

Serious games and exertainment applications are arguably
the most patient-centered consumer health informatics ap-
plications. However, evaluations of their effectiveness report
mixed results, especially for long-term use. One of the main
problems is the limited content, which means applications
can become repetitive and boring and hence lifestyle changes
are only temporary [42]. In most cases content is controlled
by the vendor, must be purchased, and monitoring data is not
shared between different games, i.e., a continuous recording
of health parameters and activities is not possible.

In order to promote a more widespread use of health
informatics applications and achieve better health outcomes,
the applications must offer a wide range of content and
functionalities, there needs to be a quality control of content,
and different applications must be integrated to deliver a
complete picture of health status and changes over time.
Furthermore the application must be low-cost (preferably
free), easy-to-use, concentrate more on the prevention of dis-
eases, and provide patient motivation and support. The latter
requirement suggests the incorporation of social networking
features. This can also help to reduce loneliness, which has
been shown to result in serious health problems [35].



B. Interview Study

In order to get a clearer picture of the requirements
for a more accessible patient-centric telehealth system we
performed an interview study with eight elderly potential
users [11]. The study was designed as a qualitative inquiry
focusing on elderly people’s perceptions and requirements.
The first part of the study consisted of semi-structured
interviews conducted with each participant. For the sec-
ond part paper prototypes based on different existing heath
informatics applications were presented to the users and
evaluated.

The results demonstrated that the Internet is a suitable
platform to deliver telehealth applications. Elderly users
suggested several applications such as exercises for different
health problems, diet control, and simple network games.
They generally favored a user interface layout which is clean,
iconic and colorful, and uses a single horizontal menu at
the top, which makes it easy to identify and choose key
functionalities. Buttons or icons are preferred over hyperlinks
and ideally should contain suitable images and text. Interview
results indicate that social support through Facebook-like
features is useful, as long as an online community of like-
minded users exists. Social interactions can be used to reduce
loneliness, motivate each other, and share experiences.

IV. CONCEPTUAL FRAMEWORK

A. Key Design Principles

The above analysis and user study resulted in the following
key design principles (ordered by importance):

• Open and extensible: The system should offer a wide
variety of health-related applications that are tailored
towards the needs and preference of patients. Otherwise,
the content can become repetitive and uninteresting to
users and results only in short-term lifestyle changes.
The system should be “open”, so that third-party devel-
opers can contribute content via a plug-in mechanism
(eliminate vendor lock-in).

• Ubiquitous and affordable: The system must be ac-
cessible online for free via a common web browser,
ideally such that it can be viewed on PCs, tablets and
smartphones.

• Social and emotional support: The system should
create a caring community, enabling users to provide
and obtain social support to and from other users. Social
features should be incorporated to reduce loneliness,
e.g., enable users to become friends of other patients
(that have similar health conditions and interests), to
perform health-related activities together (e.g., playing
a memory game), and to motivate each other.

• Feedback and motivation: The system should pro-
vide users with feedback on their health progress and
motivate them to become more proactive, e.g., make
positive lifestyle changes. Visual feedback via easy-to-
understand graphs and charts is particular important to
users with limited health literacy.

• Privacy control: User privacy must be maintained and
users must be able to fully control their health data, e.g.,
what is shared with other users.

• Personalized user interface: Users should be able
to easily customize the system and select applications
tailored towards their needs.

• Linear structure and clear instructions: The system
should follow a linear structure wherever possible in
order to avoid confusion and frustration.

The key differences between our proposed design
(Healthcare4Life) and traditional telehealth systems
are summarized in Figure 1.

Fig. 1. Key design changes to make telehealth more accessible and more
effective in addressing key challenges of public health.

B. Framework

Based on the above requirements we developed the frame-
work illustrated in Figure 2. The framework has an open
Facebook-like architecture enabling third-party developers
to contribute new content and functionalities. Examples
are applications for monitoring, health information, mental
fitness and education. Physical fitness and rehabilitation can
be achieved by adding applications using consumer sensing
devices [12]. Accessibility is further improved by making
the system web-based, so that it can be assessed on a PC,
PDA, and mobile phone. In order to assess the quality of
content we propose to employ a ranking system displaying
user satisfaction and popularity of each service. The ranking
system should contain separate scores from patients and
registered clinical/academic users.

In order to share data among multiple applications unify-
ing data elements must be introduced which relate different
types of data. This can be achieved by using a triplestore
database: data entities are composed of subject-predicate-
object triples, where the predicate represents the unifying
element. For example, different exercise games might use
different measures to record users’ physical activities, which
can be unified using a “calories burned” and “perceived-
level-of exertion” [4] scale similar to those used in gym
equipment. The unified data can then be used by monitoring



applications to enable users to design activity plans and track
progress.

While commercial telehealth systems put an emphasis on
clinical networks, we utilize social networks to help users get
in touch with their family, make new friends, and discuss
medical complaints with peers and support groups. The
aim is to improve emotional health, which is essential for
the overall well-being. Social networks can also help with
motivating the patient, e.g., by achieving family support, and
competing/exercising together via a video link or in a virtual
environment.

Fig. 2. Conceptual framework for Healthcare4Life.

V. DESIGN

Based on the framework in Figure 2 we designed a
prototype in order to demonstrate the key design principles
and test user reactions towards them.

A. Key Functionalities

The primary focus was on the plug-in feature enabling
third-party developers to contribute new content and func-
tionalities. Therefore, a user interface for health consumers
is provided and a separate interface enabling developers to
add applications to the system. The user interface employs
large-sized fonts and an icon-based horizontal menu (top of
Figure 3). The navigation structure is predominantly linear
(bottom of Figure 3). Users can customize functionalities by
creating a personalized application directory by searching
through all available applications (Figure 5).

In order to give the user immediate summative feedback,
the current Healthcare4Life score is displayed on the main
page as illustrated in Figure 4. The score combines the
current health status and exercise and memory performance.
The health status is computed from vital signs measures such
as weight (body mass index), heart rate, and blood pressure.
The current prototype scores vital signs measurements using
scales obtained from the literature. For example, a body mass
index between 18.5 and 25 (normal weight) gives a high
score, whereas a body mass index of above 40 (morbidly
obese) gives a very low score. The current calculation does
not take into account patient-specific parameters such as

Fig. 3. Main menu depicting key functionalities (top) and content and
navigation structure (bottom) of Healthcare4Life.

ethnicity, gender, age, or being a professional athlete. In
future versions the computation of the vital signs score can
either be refined by using more complex formulas, or patients
can be enabled to adjust scales for the vital signs measures in
consultation with a health professional. The exercise score is
obtained from exercise games and other applications measur-
ing physical activity such as pedometers [12]. The memory
performance is currently computed from a single memory
game, but more games will be added in the future. A large
number of commercial applications are already available in
this field [39], [28].

It is interesting to note that the commercial tool Life-
timeHealthDiary [25] also uses a single index called “total
health score”. The score is computed using imported clinical
data, device-derived data, and community-entered data, but
no details are given on the underlying formulas. Since the
company offers modules based on patient condition, data
types to be imported, and the professional services that are
to be offered, we assume that their computation uses more
patient-specific parameters than our application.

Fig. 4. The Healthcare4Life score is a summative weekly health score
providing easy-to-understand feedback.

B. Health Applications

In order to be successful Healthcare4Life requires
a large number of health applications catering for different
needs of users. The user can select applications from the
application directory (top of Figure 5). A basic overview of
each application and average user ratings are provided to
help users choose the most suitable applications. After se-



lection the applications are shown in the Health Applications
directory of the user (bottom of Figure 5).

Fig. 5. The application directory listing all available applications (top) and
a set of applications selected by a user and displayed in the user’s Health
Applications directory (bottom).

Currently implemented applications include:
• Weight Tracker: The application allows users to input

their current weight at arbitrary points of time, which
can then be displayed over user-defined time intervals.
In addition the user can input a target weight, which
should be discussed with a health professional. We
decided against automatically computing a target weight
from the body mass index, since setting too ambitious
targets can be demotivating and dangerous (loss of
muscle mass instead of fat).

• Multiplayer Memory Game: We implemented the
popular “Matching Pair” game with a multiplayer
modus. The purpose of the game is to find a pair of
matching cards by turning over two cards at a time, and
turning them back if they do not match. Different levels
of difficulty can be selected and users can collaborate
or play against each other.

• Exercise Tracker: The exercise tracker allows users
to track their physical activity over time. Examples
include walking, housework, gardening, and swimming.
Exercise goals can be set and users are advised to
discuss them with their health professional. The total
physical activity is measured in the form of energy

expenditure, i.e., the amount of calories burned. The
default value for healthy individuals is 14 kcal/kg per
week and corresponds to low/moderate intensity exer-
cises in STRRIDE studies [44].

• Vitals Tracker: The Vitals Tracker allows users to
input vital signs measurements using a simple tabular
interface, and displays them as a graph over user-
defined time periods. Values within the normal range
are indicated in green. Currently tracked vital signs are
blood pressure (systolic/diastolic), resting heart/pulse
rate, and blood glucose.

C. Social Networking Functionalities

Users can create social support groups using a Facebook-
like interface. Friends can be searched for using various
criteria such as name, hobbies and health conditions. The
actual health conditions of other users are not displayed and
users are encouraged not to use their real name as profile
name for privacy protection. Users can send friend requests
and accept or decline other users’ requests.

VI. IMPLEMENTATION

We implemented our web-based telehealth platform using
OpenSocial and Drupal. In order to simplify the addition of
social networking functionalities an existing API or speci-
fication can be used. We prefer OpenSocial over Facebook
and other single platform APIs because the developer is not
constrained by vendor restrictions and usage policies. De-
velopers have full control over their system and the freedom
to integrate it with other OpenSocial containers. The ability
to run applications on various containers may encourage
potential developers to contribute health applications.

The implementation of our application is further simpli-
fied by using a content management system supporting the
development of dynamic websites. We use Drupal because
it includes the OpenSocial Shindig-Integrator, which can be
used to integrate the Apache Shindig container (an open
source reference implementation of an OpenSocial container)
with any Drupal-based system. Hence, Drupal can be used
to construct a fully-featured and extensible web-based tele-
health system that can host OpenSocial health applications.
Other advantages are the large developer community and
the fact that Drupal includes more than 11,000 contributed
modules.

A. Container

One of the key challenges is the development of the plug-
in feature that enables developers to contribute health appli-
cations. We started the implementation process by designing
a customized theme for Healthcare4Life using HTML
and CSS, which was imported into Drupal. Although Drupal
comes with many design templates, we opted for a new
theme based on the derived interface design requirements.
We then installed and activated existing Drupal modules
where appropriate. For instance, we employed the Flag
module for storing data (e.g., friends and activities) and the
Webforms module for developer and user registration.



After implementing the basic functionalities, we integrated
OpenSocial with Drupal to transform Healthcare4Life
into an open platform. Apache Shindig was installed and
integrated with Drupal via the Shindig-Integrator mod-
ule. Figure 6 depicts the architecture of our system. We
also connected Healthcare4Life with Apache Shindig’s
OpenSocial SPI (Service Provider Interface) to allow gadget
applications to access shared data. The SPI implements: (1)
retrieving profile information, (2) storing and retrieving activ-
ities, (3) storing and retrieving application-specific persistent
data, and (4) sending messages.

Fig. 6. Plug-in architecture of Healthcare4Life.

Communication between Apache Shindig and
Healthcare4Life takes place via standardized AJAX
requests, defined in the OpenSocial JavaScript API. Apache
Shindig provides a variety of security options to secure
requests and responses. It uses Shindig user security
tokens, two- and three-way handshakes, OAuth, and
various encryption technologies. The hosting process of
Healthcare4Life via Apache Shindig is made possible
through the following components:

• OpenSocial Data Server: Provides a mapping im-
plementation of the server interface to the container,
including a RESTful API, for the developers to connect
it to a backend application.

• OpenSocial Container JavaScript: JavaScript environ-
ment that sits on top of the Gadget Container JavaScript
and provides the OpenSocial functionalities (e.g., pro-
files, relationships and activities).

• Gadget Container JavaScript: Manages the basic gad-
get functionality including security, communication, and
user interface.

• Gadget Rendering Server: Renders the gadget XML
(i.e., the definition of a gadget) into JavaScript and
HTML in order to expose it via the container’s
JavaScript, usually as an <iframe> element.

B. Applications

Since Healthcare4Life is an OpenSocial container,
third-party developers can contribute content and function-
alities, as long as they are OpenSocial-based applications
or packaged as such. Generally, there are two broad cate-
gories of applications that can be hosted: client-side (i.e.,
lightweight applications that do not rely on a server) and
server-oriented (i.e., applications that rely on an external

server for processing and rendering data). Both types of
applications execute within the Healthcare4Life con-
tainer but differ in terms of the functionality they can provide
to users. Client-side applications are created using HTML,
JavaScript, CSS, OpenSocial Templates, and/or Flash. They
are known to provide limited functionality and typically use
the OpenSocial persistence API to store data on a container.
Server-oriented applications can realize advanced function-
alities, which can be developed using any technology, e.g.,
HTML, JavaScript, CSS, OpenSocial Templates, Flash, PHP,
Python, Java, Perl, .NET, or Ruby.

Third-party applications can be deployed in
Healthcare4Life via the application developer
user interface or via Drupal’s admin interface. Developers
can add applications that reside on external web servers
by specifying the URL of the corresponding XML file.
Application developers are also requested to select a
suitable application category, e.g., monitoring, diagnosis,
or rehabilitation. The application will be rendered on the
client side by Apache Shindig via the Shindig-Integrator
module. We have tested this feature by deploying an
existing application called “Calorie Calculator” from
LabPixies.com, a web gadget developer owned by
Google.

We also created and added several applications ourselves:
Weight Tracker, Exercise Tracker, Vitals Tracker and Multi-
player Memory Game. These applications were implemented
using AJAX. HTTP and JSON (Java Script Object Notation)
was used to get back responses in object form. The Google
Charts API was used for generating the graphs and charts in
our applications. The memory game was originally written
as standalone JavaScript application. In order to integrate it
into Healthcare4Life it was converted into an XML
document with HTML and JavaScript bodies, much like
the architecture of a Google gadget. Using OpenSocial
the application receives access to the social data of the
Healthcare4Life container. This enables users to search
for playing partners.

VII. RESULTS

A. Technology Evaluation

OpenSocial and Drupal integrate well and can be used
to develop extendable online telehealth systems with social
networking functionalities. While in theory OpenSocial con-
tainers can be programmed in any language, it is easiest to
use Apache Shindig, which supports only Java and PHP. One
major problem is the lack of tutorials for developing rich
and complex gadget applications, such as multiplayer games.
Issues with compliance arise when rendering applications
implement the 0.9.x version of the API, as the Shindig-
Integrator of Drupal is only available in version 1.0. We
also found that running the same application across multiple
OpenSocial containers is not as simple as documented.

Our investigation so far suggests that it is possible to
develop gadget applications to achieve almost anything typ-
ically seen in healthcare-related applications. For example,
patient parameters (e.g., weight) can be stored in a database



with the data acquisition date, and plotted using JavaScript
and Google chart APIs. Complex graphics and interfaces can
be integrated by using Flash ActionScript and communica-
tion through OpenSocial’s external interface mechanism.

The OpenSocial specification does not deal with data
sharing (e.g., patient parameters), but can be extended ac-
cordingly. Care must be taken when deciding whether func-
tionality is provided by extending the OpenSocial API or by
simply writing methods using a web development tool. For
instance, sharing of patient parameters between applications
can be achieved by using user profile data from the CMS
instead of using OpenSocial.

It is possible to embed non-OpenSocial-based applications
into containers. However, if the application depends on
drivers (e.g., for sensors), libraries and plug-ins such as
Silverlight, then these must all be installed on the client side.
This makes it difficult to add complex applications such as
webcam-based monitoring and rehabilitation tools.

B. User Study

We evaluated the usability and effectiveness of our ap-
plication with a user study involving 43 seniors aged 60 to
85. The majority of the participants were active computer
users (88%) using a computer almost every day. Less than
half of them (44%) used social networking websites such as
Facebook. Less than one third used self-care tools, e.g., blood
pressure cuffs, glucometers or health websites. Participants
were invited to use Healthcare4Life over a six week
period and they were interviewed at the start of the study,
after 3 weeks, and at the end of the 6 week period.

Figure 7 depicts the popularity of the various functionali-
ties of Healthcare4Life over the trial period. The health
applications were most popular among the participants (35%
of all activities performed). This demonstrates the importance
of having a plug-in feature for increasing the amount of
available content. The Facebook-like comment page termed
“Activities” was the second-most commonly used feature
(22%) and was followed by the “Friends” page (17%). This
indicates that users are interested in sharing experiences and
making social connections. Among the applications the Vital
Tracker was the most frequently used one (29%), followed by
the Exercise Tracker (28%), and the Weight Tracker (22%).
The Calorie Calculator was least used by the participants
(8%) because of its comparably complex user interface, the
time required to input data, and because many food items
were not relevant to a New Zealand context. This observation
emphasizes the need for customizing applications according
to the users’ location, culture and language.

In order to evaluate usability issues and the usefulness
of different functionalities we used a survey with responses
rated on a 6-level Likert scale. Participants stated that
Healthcare4Life encourages them to be better aware
of their health (80% agreement), that the charts/graphs help
to better understand health progress (80% agreement), and
that the health applications reduce the need to use different
websites for managing health (72% agreement). 65% of

Fig. 7. Participants’ activities in Healthcare4Life.

participants agreed that Healthcare4Life has the po-
tential to positively impact their life, and 56% found that the
application simplifies cumbersome health monitoring tasks.

However, only 33% of users agreed that the social features
motivated them to use the system, and only 31% agreed that
the involvement of friends helped them to better manage their
health. Four participants of the study expressed disappoint-
ment that their friend requests were not responded to. Most
of the participants were not comfortable to accept strangers
as “friends” in the system. A typical comment was: “I would
not share my medical details with someone I don’t know”.
One participant elaborated on this: “I find the use of the
word ’friends’ for people I don’t know and will never meet
very inappropriate and off-putting. Also it’s really important
to learn more about the people in your circle so that you
care enough about them and their goals to be able to offer
support”.

VIII. CONCLUSION AND FUTURE WORK

We presented a novel web-based telehealth system targeted
at seniors, which is extendable by third-parties and has social
aspects. Our technology evaluation and functional prototype
showed that OpenSocial is a suitable platform for such a
system. A user study demonstrated that there is a need for
more patient-centric telehealth systems, and the overall idea
was well accepted. Crucial for the success of the application
is a sufficiently large user community and developer support.
Participants made it clear that a wider range of health
applications was required tailored towards individual needs
(health conditions). Social networking functionalities are
desired, but not in the form we might know from Facebook
and similar social media sites. Our results suggest that web-
based telehealth systems have the potential to positively
change the attitude of users towards their health management,
i.e., empowerment and a higher awareness of health issues.

In future work we would like to expand the range of
available health applications in collaboration with health
professionals. The social networking features need more
investigation, i.e., how can we increase social contacts and
instill a sense of mutual care while alleviating privacy con-
cerns? One solution might be to incorporate teleconferencing
facilities to allow face-to-face meetings and build up trust.
The long-term health effects of Healthcare4Life are



still unknown and we would like to investigate them once
sufficient content has been incorporated.

IX. ACKNOWLEDGEMENTS

We would like to thank the participants of the user
study for their kind support, patience and valuable feedback.
We acknowledge WellingtonICT, SeniorNet Eden-Roskill and
SeniorNet HBC for advertising the study and for allowing us
to use their premises to conduct the introductory sessions.
We also thank Nilufar Baghaei for her help.

REFERENCES

[1] Aetna Inc. Decision Support Tools, 2010. www.aetna.com/
members/health_wellness/support_tools/decision_
tools.html.

[2] AmericanTeleCare. Homepage, 2010. www.americantelecare.
com.

[3] Bluespark. Heart Monitor, 2010. itunes.apple.com/us/app/
heart-monitor/id291845681?mt=8.

[4] G. Borg. Psychophysical bases of perceived exertion. Medicine &
Science in Sports & Exercise, 14(5):377–81, 1982.

[5] T. Botsis, G. Demiris, S. Pedersen, and G. Hartvigsen. Home telecare
technologies for the elderly. Journal of Telemedicine and Telecare,
14(7):333 – 337, 2008.

[6] J. Butcher. Mind games: do they work? BMJ, 336(7638):246–248,
Feb. 2008.

[7] Cancer Survivors Network. Homepage, 2010. csn.cancer.org/.
[8] Cobalt Flux Inc. Dancetown Homepage, 2010. www.dancetown.

us.
[9] S. D. Dandeneau, M. W. Baldwin, J. R. Baccus, M. Sakellaropoulo,

and J. C. Pruessner. Cutting stress off at the pass: Reducing vigilance
and responsiveness to social threat by manipulating attention. Journal
of Personality and Social Psychology, 93(4):651 – 666, 2007.

[10] A. Darkins, P. Ryan, R. Kobb, L. Foster, E. Edmonson, B. Wakefield,
and A. E. Lancaster. Care coordination/home telehealth: The system-
atic implementation of health informatics, home telehealth, and disease
management to support the care of veteran patients with chronic
conditions. Telemedicine Journal and e-Health, 14(10):1118–26, Dec.
2008.

[11] J. S. Dhillon, C. Ramos, B. C. Wunsche, and C. Lutteroth. Designing
a web-based telehealth system for elderly people: An interview study
in new zealand. In Proceedings of the 24th International Symposium
on Computer-Based Medical Systems (CBMS 2011), pages 1–6. IEEE
Computer Society, 2011.

[12] J. S. Dhillon, C. Ramos, B. C. Wünsche, and C. Lutteroth. Leveraging
consumer sensing devices for telehealth. In Proceedings of the 13th
International Conference of the NZ Chapter of the ACM’s Special
Interest Group on Human-Computer Interaction (CHINZ 2012), pages
29–35, New York, NY, USA, 2012. ACM.

[13] U. Dieterle. Games/simulations for health: Tracking down the evidence
on efficacy. In Proceedings of the 25th Annual Conference on Distance
Teaching & Learning, 2009.

[14] E. Dishman. Inventing wellness systems for aging in place. Computer,
37(5):34–41, 2004.

[15] Docobo. Homepage, 2010. www.docobo.co.uk.
[16] Edelman. Health engagement barometer - health

influence in the era of public engagement, Jan. 2009.
www.edelman.com/image/insights/content/
edelmanhealthengagementbarometerpresentation.
pdf.

[17] J. D. Halamka, K. D. Mandl, and P. C. Tang. Early experiences with
personal health records. Journal of the American Medical Informatics
Association, 15(1):1–7, Jan. 2008.

[18] B. Harnett. Telemedicine systems and telecommunications. Journal
of Telemedicine and Telecare, 12:4–15, 2006.

[19] Hawaii Medical Service Association. HMSA’s Online Care for
Consumers, 2010. consumersonline.hmsa.com.

[20] C. Hawn. Games for health: The latest tool in the medical care arsenal.
Health Affairs, 28(5):w842–w848, 2009.

[21] W. Ijsselsteijn, H. H. Nap, Y. de Kort, and K. Poels. Digital game
design for elderly users. In Proceedings of the 2007 conference on
Future Play, pages 17–22. ACM, 2007.

[22] Kaiser Permanente. Health plans for medicare, families, and em-
ployers, health information at kaiser permanente, 2010. https:
//www.kaiserpermanente.org.

[23] H. Ketabdar and T. Polzehl. Fall and emergency detection with mobile
phones. In Proceedings of the 11th international ACM SIGACCESS
conference on Computers and accessibility (Assets ’09), pages 241–
242. ACM, 2009.

[24] S. Koch. Home telehealth - current state and future trends. Interna-
tional Journal of Medical Informatics, 75(8):565–576, Aug. 2005.

[25] Lifetime Health Diary. Homepage, 2012. http:
//lifetimehealthdiary.com.

[26] M. Loane and R. Wootton. A review of telehealth. Medical Principles
and Practice, 10:163 – 170, 2001.

[27] S. Lohr. Google and Microsoft look to change health care, Aug. 2007.
The Ney York Times, http://www.nytimes.com/2007/08/
14/technology/14healthnet.html?pagewanted=all&_
r=0.

[28] Lumosity. Brain games & brain training - lumosity, 2010. www.
lumosity.com.

[29] MacHealth Pty Ltd. Your Diagnosis homepage, 2010.
yourdiagnosis.com.

[30] S. R. Machlin. Trends in health care expenditures for the elderly age
65 and over: 2006 versus 1996, medical expenditure panel survey,
2009.

[31] Markle Foundation. The personal health working group - final report,
connecting for health, 2003.

[32] Mayo Foundation for Medical Education and Research. May-
oclinic.com, 2010. www.mayoclinic.com.

[33] MDLiveCare. MDLiveCare Health Services, 2010. https://www.
mdlivecare.com.

[34] Microsoft. Microsoft HealthVault, 2010. www.healthvault.com.
[35] G. Miller. Why Loneliness Is Hazardous to Your Health. Science,

331(6014):138–140, 2011.
[36] Ministry of Health (New Zealand). HealthEd Homepage, 2010. www.

healthed.govt.nz/.
[37] National Heart Foundation (New Zealand). Your Heart Forecast

homepage, 2010. www.yourheartforecast.org.nz.
[38] J. R. Nebeker, J. F. Hurdle, and B. D. Bair. Medical informatics in

geriatrics. Journal of Gerontology: Medical Sciences, 58A(9):820 –
825, 2003.

[39] Nikoli Co. Ltd. Brain Age2: More training in minutes a day!, 2010.
www.brainage.com/launch/index.jsp.

[40] K. Peters, M. Niebling, C. Slimmer, T. Green, J. M. Webb, and
R. Schumacher. Usability guidance for improving the user interface
and adoption of online personal health records. Technical report,
UserCentric.com, 2009.

[41] M. Rahimpour, N. H. Lovell, B. G. Celler, and J. McCormick. Patients’
perceptions of a home telecare system. International Journal of
Medical Informatics, 77(7):486 – 498, 2008.

[42] ScienceDaily. Wii fit may not help families get fit, Dec.
2009. www.sciencedaily.com/releases/2009/12/
091218125110.htm.

[43] D. J. Skiba. Games for health. Nursing Education Perspectives, pages
230 – 232, 2009.

[44] C. A. Slentz, B. D. Duscha, J. L. Johnson, K. Ketchum, L. B. Aiken,
G. P. Samsa, J. A. Houmard, C. W. Bales, and W. E. Kraus. Effects
of the amount of exercise on body weight, body composition, and
measures of central obesity: STRRIDE - a randomized controlled
study. Archives of Internal Medicine, 164(1):31–39, 2004.

[45] R. N. Spivack. Innovation in telehealth and a role for the government.
Studies in Health Technology and Informaticse, 118:32 – 42, 2005.

[46] Y.-L. Theng, A. B. Dahlan, M. L. Akmal, and T. Z. Myint. An
exploratory study on senior citizens’ perceptions of the nintendo
wii: the case of singapore. In Proceedings of the 3rd International
Convention on Rehabilitation Engineering & Assistive Technology (i-
CREATe ’09), pages 10:1–10:5. ACM, 2009.

[47] L. Wangsness. Electronic health records raise doubt, 2009.
www.boston.com/news/nation/washington/articles/
2009/04/13/electronic_health_records_raise_
doubt.

[48] R. Wootton, N. Patil, R. E. Scottt, and K. Ho, editors. Telehealth in
the Developing World. Royal Society of Medicine Press Ltd, 2009.

[49] World Health Organisation. Factsheet no. 302 - the global shortage
of health workers and its impact, Apr. 2006. www.who.int/
mediacentre/factsheets/fs302/en/print.html.


