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Abstract — Gaming platforms have been recognized for user-
friendly interface which does not require previous computer-
related experience. Easy to use and wide availability of these
platforms at patient households make them an attractive means
to facilitate consumer health. The potential of such widely used
platforms as Xbox for self-management of chronic health
conditions has not yet been fully uncovered. We developed a
Home Automated Telemanagement (HAT) system which
utilizes Xbox to access personal health record, receive self-care
support and exchange information with health care providers.
The system questions patients with congestive heart failure
(CHF) to monitor symptoms, weight changes, medication
adherence and quality of life while educating the patient on
their disease. The patients receive an instant feedback on their
condition in the form of a 3-zone CHF action plan. The patient
self-management information can be reviewed by a provider on
a designated web site. The system is programmed to run on the
Microsoft Xbox videogame console using an active internet
connection and a connection to a computer running Windows
Media Center. The system is designed to be as simple as
possible making it usable by patients with no prior computer or
videogame experience. The feasibility of this approach was
tested in ten adults with no previous Xbox experience who
completed attitudinal surveys and semi-structured qualitative
interviews after using the system. All participants claimed that
they did not have any problems in using the system and that
they would use the system in the future if necessary. An Xbox-
based telemanagement system has potential to optimize the
care of patients with CHF and other chronic conditions.

I. INTRODUCTION

Congestive heart failure (CHF) is a major public
health problem which affects over 5 million Americans and
costs $33.2 billion annually [1]. Repeated emergency room
visits and rehospitalizations for symptom relief contribute to
HF being the most costly cardiovascular illness in the US [1-
3]. Common reasons for hospital readmission in patients
with CHF include delays in symptom recognition,
medication and dietary noncompliance, and lack of
knowledge and skills for competent self management [4-6].

Home-based computer and telecommunication
technologies supporting patient self-management have long
been recognized to have enormous potential in improving
quality of chronic care delivery [7]. Telemedicine
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approaches will be useful in patients with CHF for several
reasons. First, telemedicine will improve disease monitoring
through more frequent assessment of symptoms. Second, use
of patient self-management plans will accelerate treatment in
the setting of CHF symptoms and thus decrease the
utilization of health care resources [8].

The Xbox 360 is a popular videogame console.
Connecting the console to a computer with Windows Media
Center allows you to run a web browser through the console
and navigate web pages. The simple controls, popularity,
and internet connectivity make the Xbox 360 a promising
platform for the development of telemanagement systems in
patients with CHF and other chronic conditions..

Gaming platforms are widely used by individuals
from different age groups. Seniors and individuals with
limited computer skills have been shown to be able
successfully use and enjoy various gaming platforms [9].
Previously, we demonstrated high acceptance of a Wii-based
telecare platform for CHF telemanagement by seniors [10].
However, the potential of utilizing various gaming platforms
including Xbox to enhance self-management of chronic
health conditions has not yet been fully uncovered. The goal
of this project was to explore whether it is possible to take
advantage of the simplicity, popularity, and low cost of the
Xbox 360 and to build a platform able to deliver a
comprehensive disease management program directly to
patient’s home via this widespread gaming platform.

II. SYSTEM DESIGN

The conceptual design of the Home Automated
Telemanagement (HAT) system is based on the principles of
patient-centered care delivery model [11]. The HAT system
supports the major components of this model including
patient self-care, tailored education and counseling,
individualized treatment plan, guideline-concordant decision
support, comprehensive patient provider communication,
and multidisciplinary care coordination [12]. Using this
model, the HAT system has been successfully implemented
and tested in various health conditions [13-17]. The HAT
system consists of home unit, HAT server and clinician unit
[18]. The previous applications utilized laptops, PDA, IVR,
and cell phones for patient home units [19-22].

In this project the HAT home unit has been implemented
using Xbox 360 gaming platform. A software application
was developed using ASP.NET with Visual Basic .NET that
is executed on a server running Windows 2003 Server. A
connection to the Windows Media Center unit with the
MCEBrowser 2.2 plug-in and an active internet connection
allowed users access web content through the Xbox 360
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system. The HAT home unit uses the Xbox360 controller
for input and allows a patient to complete a disease diary
which asks the patient a series of symptom questions,
records their weight, sends the information to the server,
informs and tests their CHF knowledge, then gives the
patient instant feedback on their current condition based
upon their symptoms and weight measurement. The patient
results are stored on the remote server and can be viewed by
the physician using the CHF HAT provider website. The
HAT server implements clinical decision support algorithms
which allow alert provider if any ominous trend is detected
in a timely fashion. Provider can contact patients when there
is evidence that their disease in not controlled optimally thus
averting potential hospitalization or emergency room visit.

The system is designed so that each patient has an “Action
Plan” approved by their physician. The action plan defines
what a patient’s actions should be based upon their self-test
data. Prior to beginning home unit use, the patient has an
action plan approved by their physician. The action plan
accounts for the possible cases of good, fair, and poor
health; respectively corresponding to a green, yellow, and
red ‘zone’. The patient responses from the self testing
portion and weight measurement are used as a gauge for
determining the action plan zone in which the patient
currently belongs. At any time the patient may view their
current zone or review the other zones through the home unit
website.
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Fig. 1. CHF HAT Provider Website

The patient’s physician can access the CHF HAT website
to review patient data, track progress, make changes to
medications, and set alerts. Alerts can be set for the patient
so that if the parameters are not met an email will be sent to
the physician, notifying them which alert was triggered.
Alert parameters include symptom diary score, self-testing
compliance, entering a certain zone, and weight changes.
The site is shown in Fig. 1.

The system also aids in medication adherence. The
application displays a list of current medications with their
dosages and frequencies. The computerized decision support

algorithms on the HAT server allow alert generation to
inform providers about medication non-adherence or other
clinically significant events.

The CHF HAT system features a progress chart which
displays a graph of the patient’s weight measurements or
action plan zones on the most recent self-tests.

There is a Frequently Asked Questions section on the
laptop system for quick access to CHF information.
Comprehensive questions about CHF and answers are
available, providing an easy to use source of general
information the patient may access at any time.

III. RESULTS

The HAT system was successfully designed and
implemented on the Xbox 360 videogame console. A
Lifesource CHF-321P digital scale was used for weight
measurement. The main menu is shown in Fig. 2.

Home Automated Telemanagement

Start self-testing
My Action Plan
My Medications
My Progress
FAQ

Set Patient ID

Fig. 2. Xbox HAT Home Unit: Main Menu

The Xbox360 system allows the user to connect through a
computer running Windows Media Center to the site with
the ASP.NET webpage. The application can be navigated
using the Xbox 360 controller to select options and move
between screens. The text is large and easy to read while all
the instructions are kept as simple as possible.

The patient uses the controller to complete the daily self-
testing portion of the program. When the “Start self-testing”
option is selected the patient is asked a series of multiple
choice questions about their symptoms that day (symptom
diary). A sample symptom diary question is shown in Fig.
3.
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Shortness of breath

«~ No more than usual
c More short of breath when active
o Shortness of breath that doesn't go away

Next

Fig. 3. Xbox HAT Home Unit: CHF Symptom Diary Question

After the symptom diary is completed the patient is shown
a series of instructions for using the weight scale. The
instructions are shown in Fig. 4.

* Weigh yourself at the same time, on the same scale, and in the
same way every day.

* You should wear the same or similar clothing and take off your
shoes when you use the scale.

* Try to get on the scale the first thing in the morning after you
urinate, but before you eat breakfast and have a bowel

movement.

* If you change the routine for weighing yourself, your weight
may change by two or more pounds.

Fig. 4. Xbox HAT Home Unit: Weight Scale Instruction

After the instructions are shown and the patient weighs
themselves, they are taken to an input screen where they can
input their weight using the onscreen keyboard.

Once their weight is input, the HAT system calculates
their action plan zone and displays the appropriate actions to
the patient. A sample action plan green zone is shown in
Fig. 5.

ACTIONS

Here's how to stay in this zone:

1. Keep all your medical
appointments

2. Follow a low-salt diet

3. Weight yourself each day

4. Keep taking your
medications as prescribed

Fig. 5. Xbox HAT Home Unit: CHF Action Plan Green Zone

Then the patient begins the educational portion of the
program. They are first asked a multiple choice question
about the educational tip the received on the previous day as
seen in Fig. 6.

In the blood pressure reading "120/80", which number
represents systolic pressure?

120 is systolic pressure

- 80 is systolic pressure
- Both answers are wrong

Next

Fig. 6. CHF Educational Question

If the question is answered correctly the patient is then
shown the next tip in the section while the tip is also read
aloud. If the question is answered incorrectly, the tip is
repeated and the question is repeated the following day. A
sample tip is seen in Fig. 7. Once all tips for a section have
been answered correctly the patient is given a quiz where
they must answer all section questions without receiving the
educational tips. If all questions are answered correctly,
they move on to the next section, otherwise they must repeat
the section until the quiz is passed.

Blood pressure is the force of blood pushing
against the walls of the blood vessels.

Blood pressure is the measurement
of force applied to artery walls

Next

Fig. 7. Xbox HAT Home Unit: CHF Educational Message
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IV. EVALUATION

A pilot study of the system with 10 subjects without prior
experience in using gaming consoles has been conducted
(60% females, average age 43+11). The study subjects were
given a demonstration of the CHF HAT system and then
were asked to perform a self-testing using the system by
themselves while commenting aloud on anything that came
to mind. After completion of self-testing, all subjects filled
in attitudinal surveys and underwent semi-structured
qualitative interviews about their experience with using
Xbox for self-care and suggestions for improvement. The
subject responses were transcribed and analyzed using
qualitative research software (NVIVO 8).

TABLE I
RESULTS FROM THE ATTITUDINAL SURVEY

N=10 Score, %

Questions 1 2 3 4

1. How complicated was the self-
testing process?

Very complicated 0.0

Moderately complicated 0.0

Slightly complicated 40.0

Not complicated at all 60.0

2. How difficult was it to use the
weight scale?

Very difficult 0.0

Moderately difficult 10.0

Slightly difficult 20.0

Not difficult at all 70.0

3. How difficult was working
with the CHF XBOX 360?

Very difficult 0.0

Moderately difficult 0.0

Slightly difficult 50.0

Not difficult at all 50.0

4. How difficult was answering
the symptom diary?

Very difficult 0.0

Moderately difficult 0.0

Slightly difficult 10.0

Not difficult at all 90.0

5. Did you get all the necessary
information about self-testing
during the first introductory
meeting?

All information 80.0

Almost all information 20.0

Partial information 0.0

Very limited information 0.0

6. How much of your time did
the self-testing take?

Very significant amount 0.0

Considerable 0.0

Little 30.0

Very Little 70.0

7. Would the self-testing

interfere with your usual
activities?

No 50.0

Very Little 20.0

Little 10.0

A great deal 20.0

8. How often do you think you
could commit to completing this
self-testing?

Once a day 60.0

A few times a week 30.0

Once a week 0.0

A few times a month 10.0

9. Would you feel safer while
monitored by the system?

Significantly safer 40.0

Moderately safer 10.0

Slightly safer 30.0

Same as usual 20.0

10. How important for you is it
to know that that the results of
your self-testing can be reviewed
by the study staff immediately
after the test?

Extremely Important 40.0

Very Important 60.0

Uncertain 0.0

Not Important at all 0.0

11. How often would you review
the test results?

Once a week 90.0

Once a month 0.0

Occasionally 10.0

Never 0.0

12. Would you like to use this
self-testing program in the
future?

Certainly Yes 80.0

Maybe 20.0

Unlikely 0.0

No 0.0

Qualitative data analysis showed that response to the
system overall was enthusiastic. All study subjects were able
to complete self-testing including disease diary, weight
reporting, and health education components. The Xbox users
commented, “The text is big enough. It is easy to read,”
“Controls were simple,” and “It is helpful to record your
symptoms.” They also commented, “I don’t like it when it
doesn’t fit the screen and I have to scroll” and “I don’t like
the controller stick.” Regarding the usefulness of the
proposed approach one of subjects commented, “I think it’d
be useful for realizing how I feel today. [It] asked very
relevant questions for my illness”. Other subjects
acknowledged the comprehensive nature of the intervention,
“I think it covers almost anything,” and expressed
confidence in the utility of such intervention for their daily
self-management. Overall, we have concluded that the
interface is sufficient for people with no history of computer
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or videogame use. Further interface improvements may
enhance user experience.

The results from the attitudinal survey (Table 1)
correlated with information from the qualitative interviews.
All study subjects claimed that the self-testing process was
not complicated and it was easy using Xbox for disease self-
management. The majority of respondents (70%) felt that the
self-testing process would not interfere with their usual
activities and that they would be able to use the system at
least few times a week (90%). The study subjects expressed
interest in potential use of the system in the future (100%).
All study subjects felt that it is important that their self-
testing information can be reviewed by their provider.

V. DISCUSSION

A comprehensive disease management platform for
patients with CHF was implemented on the basis of Xbox
gaming platform. Individuals with no previous Xbox
experience were able to successfully complete self-testing
using this platform. They expressed interest in using such a
platform for self-management in the future and felt that the
Xbox-based telecare program may potentially improve their
medical care.

The Xbox 360 system’s ease of use and convenience can
provide reluctant patients with an easy way for physicians to
receive daily feedback from the patient. While physician
visits would still be important to the patient’s care, allowing
the patient to monitor their health frequently and educating
them on their condition will hopefully increase their
condition awareness and quality of life.

The aim of this paper was to introduce a technical solution
of converting such a ubiquitous gaming platform as Xbox
into a full-scale chronic disease management system as well
as to provide preliminary data on potential acceptance of
such a system by individuals with no previous Xbox
experience. For further analysis, more elaborate usability
studies involving comparisons across different platforms
may be warranted. Investigation of clinical impact and cost-
effectiveness of the proposed approach may require
randomized clinical trial design.

Current technical solution is aimed at supporting patient
self-report and interactive on-line communication however it
does not provide for automated collection of physiological
measurements from various sensors and webcam-based
video communications. New features of Xbox SDK and
introduction of Wi-Fi capable disease-specific sensors may
help to address these issues in the future.

In the future we would like to take advantage of the
Microsoft Kinect motion detection system for the Xbox 360
to allow the program to recognize gestures and movement
for navigation. This functionality can further simplify user
interface as well as enhance current solutions for
telerehabilitation and exercise support.

The proposed system can be adapted for other chronic
diseases such as chronic obstructive pulmonary disease [23],

asthma [24], ulcerative colitis [25], hypertension [26],
Crohn's disease [27], and multiple sclerosis [28] where the
same principles have been applied to aid in patient care and
adherence to treatment regiments.

VI. CONCLUSION

The CHF HAT system utilizing Xbox gaming console as a
home telecare unit is a viable platform to test in the
management of CHF patients. This system can be
efficiently implemented for CHF, as well as other
conditions, and is recommended for future use and
expansion. A formal clinical evaluation of the system with
sufficient number of patients, appropriate clinical trial
design, and sufficient time for patient follow-up is
warranted.
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