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Forward

The fourth edition of The International Conference on eHealth, Telemedicine, and Social
Medicine (eTELEMED 2012), held in Valencia, Spain, on January 30" — February 4™ 2012,
considered advances in techniques, services, and applications dedicated to a global approach of
eHealth.

Development of wireless homecare, of special types of communications with patient data, of
videoconferencing and telepresence, and the progress in image processing and date protection
increased the eHealth applications and services, and extended Internet-based patient coverage
areas. Social and economic aspects as well as the integration of classical systems with the
telemedicine systems are still challenging issues.

eTELEMED 2012 provided a forum where researchers were able to present recent research
results and new research problems and directions related to them. The topics covered aspects
from classical medicine and eHealth integration, systems and communication, devices, and
applications.

We take this opportunity to thank all the members of the eTELEMED 2012 Technical Program
Committee as well as the numerous reviewers. The creation of such a broad and high-quality
conference program would not have been possible without their involvement. We also kindly
thank all the authors who dedicated much of their time and efforts to contribute to the
eTELEMED 2012. We truly believe that, thanks to all these efforts, the final conference program
consists of top quality contributions.

This event could also not have been a reality without the support of many individuals,
organizations, and sponsors. We are grateful to the members of the eTELEMED 2012 organizing
committee for their help in handling the logistics and for their work to make this professional
meeting a success.

We hope that eTELEMED 2012 was a successful international forum for the exchange of ideas
and results between academia and industry and for the promotion of progress in eHealth and

Telemedicine research.

We also hope the attendees enjoyed the beautiful surroundings of Valencia, Spain.
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Abstract— Despite its fast penetration into many fields, the
application of information and communication technologies in
clinical practice is still limited, especially in respiratory
medicine. The availability of tools such as the Internet has
grown rapidly but it is rarely considered as an option for
management of the Obstructive Sleep Apnea Syndrome
(OSAS). We developed a novel multicenter support system for
the follow-up of continuous positive airway pressure (CPAP)
therapy in patients with OSAS. The system essentially consists
of a support network that allows several sleep centers to
perform online monitoring of their patients, whose data are
stored in a secure central server. Patients interact with the
system through a web-based interface that can be accessed
from their home personal computer or tablets. By visiting the
website, patients can answer a weekly questionnaire about
their status and therapy, with access to continuously updated
temporal trends in a graphic format. The system also provides
easy communication with sleep center staff by e-mail and
videoconference. After the development phase, the system has
started to be put into operation. The positive preliminary
results obtained show the potential usefulness of the Internet as
a tool for supporting home monitoring of CPAP treatment in
OSAS.

Keywords-eHealth;  Obstructive
telemedicine; home monitoring.

Sleep Apnea; CPAP;

. INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a serious
disorder caused by partial or complete obstruction of the
upper airway and it is associated with deterioration of quality

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-179-3
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of life, daytime sleepiness, neurocognitive impairment and
cardiovascular disease [1]. OSAS is estimated to affect 2-4%
of adult men and 1-2% of adult women in Western countries
[2][3]. OSAS is strongly related to obesity even though it is
also increasingly identified in non-obese subjects with a
particular craniofacial structure. The incidence of OSAS is
likely to grow in parallel with the spread of obesity now
occurring in many countries. European and Spanish public
health resources assigned to this problem have proved to be
relatively inadequate and unlikely to handle the increase in
OSAS cases [4], so cheaper and alternative management
approaches are needed.

The most frequently used treatment for OSAS is
continuous positive airway pressure (CPAP) applied through
a mask to the nose or the mouth of the patient at home during
sleep. This pressure in the mask is transmitted to the
pharyngeal area, thereby avoiding upper airway obstruction.
One critical factor in CPAP effectiveness is compliance. A
minimum of 4 hours per night of CPAP use is recommended
to avoid compromising outcomes. However, a number of
patients suspend or underuse CPAP treatment, mainly due to
the numerous side effects and lack of knowledge about
possible solutions [5][6]. Some of these side effects could be
easily solved by a close follow-up, especially during the first
weeks, but busy sleep centers have difficulties in giving such
support [7]. Accordingly, there is a clear need to improve
patients’ understanding of the expected advantages of CPAP
use and to monitor and properly address side effects of CPAP
therapy, as well as facilitate the communication of patients
with sleep centers.
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It has recently been recognized that telemedicine could
have a valuable role in improving CPAP adherence and should
be integrated into OSAS patients’ care as fast as possible [8]. It
has been shown that simple telemedicine interventions, such as
weekly phone calls to clarify doubts and encourage CPAP use,
can markedly improve compliance [9]. A randomized clinical
trial showed that the use of a telephone-linked communication
system providing feedback and counseling to OSAS patients at
home improved CPAP adherence, patients’ functional status
and reduced depressive symptoms [6]. Furthermore, another
previous study employed an Internet-based informational
support service for problems experienced with CPAP use [10].
Despite the organizational limitations and poor differences
between intervention and control group follow-up, they
obtained good patients’ acceptance of this monitoring
approach. It is also remarkable that telehealth interventions,
such as televisits, have been found to improve CPAP
adherence in a small group of nonadherent patients versus a
placebo-controlled group [11]. The cost of the interventions,
including the telehealth monitor, home installation and
telephone charges, was lower than the same number of
presential visits. Nevertheless, larger studies are needed to
generalize any conclusion.

Under the framework of an Investigation Project
promoted by the Spanish Society of Pneumology and
Thoracic Surgery (SEPAR) on sleep-related respiratory
disorders, we developed a multicenter support system for the
follow-up of CPAP therapy in OSAS patients. This system
essentially comprises a support network that can be
connected with several sleep centers to monitor and
communicate online with their patients, whose data are
stored in a secure central server. Patients interact with the
system through a user-friendly web-based interface that can
be accessed from their home personal computer or tablet.
Moreover, videoconferencing is available to promote long-
distance communication with the sleep center and provide
non-presential visits.

This telemedicine application seeks to introduce a new
approach to CPAP therapy monitoring, which focuses on
enhancing patients’ motivation and self-management skills
and strengthening the professional-patient relationship, in
order to improve CPAP compliance and reduce presential
clinical visits.

In this paper, the telemedicine support system is
described in detail and preliminary results of the practical
application phase on OSAS patients are shown.

Il.  SYSTEM OVERVIEW AND FUNCTIONALITIES

The system was implemented using PHP language and all
the user interface components were developed as dynamic
server-side pages. In order to enforce completion and internal
consistency of all the forms and surveys contained in the web
application, Javascript components were employed. The
system was developed with a focus on usability and
structural simplicity. During each development stage, special
effort was made to guarantee the maintainability and
versatility of the tool. The system architecture was designed
to allow frequent updating of the individual modules and
easy adaptability to different clinical requirements. The web
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Figure 1. Network overview.

application functioning was successfully tested with the most
important operating systems (Windows XP, Windows Vista,
Windows 7, Mac OS X) and web browsers (Internet Explorer
6 and later versions, Mozilla Firefox, Google Chrome, Opera
and Safari).

The system overview is shown in Figure 1. The main
actors of this structure are: the patient, the Sleep Center and
the Central Server.

A. Patient interface to the system

Patients included in the project are given access to an
Internet-based application implemented as an interactive
website. The equipment needed is nothing more than an
Internet-connected computer or tablet, a microphone and a
webcam. In order to ensure the confidentiality and preserve
security, patients can access the website by logging in with
their personal username and password, assigned during the
enrollment. The system identifies the user by comparing
inserted credentials to the ones stored in the Central Server
and dynamically generates pages containing only the
information available to each user. After logging in, patients
are redirected to the website Home Page. The menu bar
contains the links to the different sections of the website.

e The “Questionnaire” button in the menu bar of the
website redirects patients to a short questionnaire they
are asked to answer once a week. The questionnaire is
composed of 6 questions about patients’ weight, the
amount and kind of physical activity they have done
over the week, the time they have slept and used the
CPAP device, the occurrence of sleepiness in daytime
and problems caused by the use of the CPAP device. In
order to ensure patients’ compliance with the weekly
questionnaire, an e-mail reminder is sent automatically
to each patient once a week.
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Figure 2. Screenshot of the “You record” page. Two of the six charts are shown here. Translation from original version in Spanish: Header:
“Online follow-up of CPAP therapy”. Top menu-bar: “Questionnaire”, “You record”, “Useful files and links”, “Frequently asked questions”,
“Contact the sleep staff”, “Televisit”, “Technical support”, “Log out”. Content:”Y our weight”, ”Your physical activity”.

In the “Your record” section, the patient’s parameters,
which correspond to the weekly questionnaire answers,
are plotted in dynamic Flash charts and continuously
updated. This section was created in order to give
patients a visual feedback of their answers to the weekly
questionnaire (Figure 2).

In the “Useful files and links” section, high-quality
informative documents about OSAS management and
CPAP therapy are available for free download.
Moreover, a list of links to the official websites of the
most relevant OSAS patients associations is also
provided. Educational videos that train patients in the
correct use of the CPAP device and mask are accessible
in this section.

A validated list of answers to “Frequently asked
questions” elaborated by sleep specialists is available.
By clicking on the “Contact the center staff” button, the
patients can easily communicate online with the sleep
center staff by exchanging messages via e-mail to
discuss doubts and ask questions regarding OSAS and
CPAP therapy.

In addition, the “Televisit” button gives patients access
to an interesting function of the system which allows
them to talk to the sleep center staff by
videoconferencing. For this purpose, the LinkCare
Videoconference Module was integrated into the system
[12]. Videoconferences are scheduled by the sleep center
staff and patients automatically receive a confirmation e-
mail containing the day and time of the appointment.
When a videoconference is undertaken, a new browser
window opens, containing the videoconference client.

ISBN: 978-1-61208-179-3

The user enters the videoconference client application
according to his/her user role in the system (professional
or patient). Patients enter the videoconference
application as simple participants and they are unable to
activate or deactivate their webcam and microphone.
This tool allows patients to see the healthcare
professionals and receive teaching and support regarding
their therapy.

The application also provides continuous technical
support. By visiting the section “Technical support”,
patients can directly contact the Webmaster, who is
available to solve potential technical problems about the
website functioning.

B. Sleep center

Several sleep centers can connect simultaneously to the

support system. The healthcare professionals from each
center can undertake the following management activities:

Patients’ status monitoring. Each center can access only
the list of its own patients. The sleep center staff can
observe patients’ data, corresponding to their answers to
the weekly questionnaire. Data are retrieved from a
MySQL database connected to the Central Server and
shown in dynamic Flash charts. After evaluating the
patients’ data, if necessary, professionals can write them
a message with advice and comments about their status.

New patient registration. The sleep center staff has to fill
in a simple registration form inserting the identification
data of each patient, such as the electronic health record
(EHR) number, name initials and a contact e-mail
address. To protect patients’ personal information, their
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name and surname are not included in the registration
form. In addition, some initial medical data are
requested, such as weight, height, apnea-hypopnea index
(AHI), cumulative time with oxygen saturation less than
90% (CT90), etc. Once the registration is completed, a
“welcome” e-mail is sent to the patients’ contact e-mail
address with the credentials needed for authentication by
the website. The username is the contact e-mail address
and the password is automatically assigned, with the
possibility of changing it at any time. If necessary,
professionals can also deregister a patient and prevent
his/her access to the website.

e E-mailing and videoconferencing. Besides e-mail
communication, sleep center staff can easily arrange a
videoconference meeting with patients via a simple
management interface that communicates with the
LinkCare Videoconference Module. By filling in a short
form, professionals schedule the videoconference for a
time suited to both them and their patients. Professionals
enter the videoconference application as coordinators,
allowing them to activate or deactivate the webcam and
the microphone of the different participants of the
meeting.

C. Central Server

All network data, such as the patients’ answers and
authentication data, are stored in the system Central Server.
Data storing is supported by a relational database developed
with the MySQL management system, which is incorporated
into the secure environment of the “Hospital Clinic” of
Barcelona server. The central server administrator is
responsible for all data management and system functioning
supervision. Moreover, the administrator is in charge of the
registration in the network of the sleep centers included in
the project.

I1l.  PRELIMINARY RESULTS

Once the development phase was finished, the system’s
practical application phase began. The support system is
already operating in the main center for the project, the
“Hospital Clinic” of Barcelona.

TABLE I.

So far, the group of patients included has been selected
from consecutive patients coming to the “Hospital Clinic”
sleep center for a routine CPAP therapy monitoring visit. At
the end of the visit, the nurse in charge of the patients
proposed the enrolment in the study. The patients who
declared they had good computer-Internet skills and were
available to participate in the study were included. The sleep
center staff took note of the patients’ personal data and e-
mail addresses. After being recruited, patients received a first
e-mail containing information about the study and the
personal credentials required to access the web interface. In
order to ensure patients’ compliance with the weekly
questionnaire, an e-mail reminder was sent automatically to
each patient once a week. Moreover, after the third
completion of the weekly questionnaire a more personalized
e-mail was sent in order to thank them for their collaboration
and to encourage them to keep answering the questionnaire.
At the end of the monitoring period, participants were invited
to express their satisfaction about the website by answering
an online questionnaire (Table 1). This questionnaire was
developed from the Telemedicine Satisfaction and
Usefulness Questionnaire (TSUQ), a 5-point Likert
questionnaire designed as part of the telemedicine project
IDEATeI and validated in English and Spanish [13].

Of a total of 163 consecutive patients from the Sleep
Clinic, 66 reported basic knowledge of the Internet and
agreed to participate. After 12 weeks of monitoring, the
participation rate was high (82%). Thirty-five patients
responded to the online satisfaction survey and the results are
presented in Figure 3. Patients showed a level of agreement
to the statement "Overall, | am satisfied with the web
service" of 4.3 £ 0.58 points (mean £ SD, 1 = | strongly
disagree, 5 = | strongly agree) and expressed their potential
interest in participating in a long-term web-based monitoring.

IV. CONCLUSION

The multicenter support system we have developed
represents a novel telemedicine approach to CPAP therapy
follow-up in OSAS, where the main objective is patients’
confidence and improved therapy adherence. The availability
of easy communication tools with the sleep center staff can
help patients to rapidly solve problems related to CPAP use

PATIENTS’ SATISFACTION SURVEY

Survey statement

In general, | am satisfied with the CPAP follow-up web service.

The CPAP follow-up web service has helped me to better manage my health and medical needs.

| follow my doctor’s advice better since working with the CPAP follow-up web service.

The CPAP follow-up web service has been easy to use.

The weekly questionnaire of the CPAP follow-up web service has been easy to fill.

In the future | would like to use the CPAP follow-up web service as part of my treatment control.

In the future | would like to receive comments from my doctor about my weekly questionnaire answers.

In the future | would like my doctor use information from the CPAP follow-up web service for my medical visits.

Bl@(®|N|@|9|H|w|N| -

Files and information links about sleep apnea and CPAP therapy available on the website have been useful.

0. The ability to review the progress of my parameters on the “Your record” page has been useful.

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-179-3
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Figure 3. Results of patients” satisfaction survey (mean + SD) where 1 means “I strongly disagree” and 5 means “I strongly agree”. Survey statements
are in Table I.

and consequently increase their satisfaction with community
service. This system application can be particularly
interesting for the management of difficult-to-treat patients,
because they do not adapt easily to CPAP, and of special
populations. Moreover, the possibility of carrying out non-
presential visits via videoconference represents a valuable
opportunity to release sleep clinics from a considerable
amount of support interventions and extra visits, thereby
enhancing the cost-effectiveness of CPAP therapy.

It is remarkable that this system can be readily applicable
thanks to the widespread availability of Internet-connected
home computers or tablets in the population [14].
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Abstract—Web-based preventive interventions have shown to
be effective for the prevention of depression, but high rates of
non-use and drop-out, less than optimal implementation in the
care organization and low acceptance rates cause interventions
to be less effective in practice than in theory and research. The
lack of a holistic overview where the human and technological
context is given a prominent place, seems to be one of the main
reasons for this less than optimal effectiveness. This study
employs methods based on the holistic approach of the CeHRes
roadmap to create a viable web-based intervention and to
investigate the suitability of the chosen methods and the pitfalls
that can be encountered. The study shows that it is possible to
create a viable web-based intervention by including different
stakeholders (users, designers, programmers, researchers) in
different phases of the development process. The employed
methods are suitable and yield complementary results, but
made our approach more user and expert driven than fully
stakeholder driven. Furthermore, our project team was
organized with the researcher as the central hub. Although this
worked well most of the time, we propose a more ideal
organizational structure in which a formal project leader, who
can be a researcher, has a mandate to make decisions and
resources to be involved in all steps of the process.

Keywords-Human  Centered Development;  Web-based
Application; eHealth; Holistic; Design; Depression.

l. INTRODUCTION

To reduce the large public health burden of the high
prevalence of depression, early interventions targeted at
people at risk are essential and can be cost-effective [1, 2].
However, recruiting participants for interventions to prevent
the onset of depressive disorders is quite a challenge [3].
Developing and implementing web-based preventive
interventions might provide an opportunity to overcome this
challenge [3, 4]. Advantages of web-based interventions can
be seen not only in the broader reach, but also in increasing
convenience for the users, the opportunity to provide
information in an interactive and timely manner and cost-
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effectiveness [5-7]. Meta-analyses show that these
interventions, on average, do have a positive influence on the
severity of the complaints [8, 9]. Nonetheless, there are
drawbacks of online interventions. High rates of non-use and
drop-out, less than optimal implementation in the care
organization and low acceptance rates cause interventions to
be less effective in practice than in theory and research [10-
13].

Many studies are done to investigate the effect of a web-
based intervention solely on clinical outcomes, without
attention for the organizational and technical context [13].
Especially the technology is seen as a given, only the effect
can be subject to research. In development, this leads to a
technology push: technology is developed because of the
technological possibility, not because the target group needs
the technology. The lack of a holistic overview where the
human and technological context is given a prominent place,
seems to be one of the main reasons that web-based
interventions do not reach their full potential [13-15].

Recently, other approaches that take into account the
context of the developed technology are gaining ground in
the development of web-based interventions. Human
centered design, which advocates the systematic, continuous
consultation of potential users during the whole design
process, is one of these approaches [16] and has been shown
to have a positive effect especially on user satisfaction and
fitting to user needs [17]. User satisfaction can be seen as an
aspect of usability, which has been defined as: ‘The extent to
which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency, and
satisfaction in a specified context of use’ [18]. Fitting to
needs of the users can be seen as an increased perceived
usefulness of an application [19]. To ensure that these
positive effects can be achieved, certain pitfalls should be
avoided or dealt with in an appropriate manner. Common
pitfalls that have been identified are: losing the focus on the
user [20, 21]; a middle-of-the-road design [14, 22]; an
uninvolved project leader [23].
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Figure 1. CeHRes roadmap

CEHRES ROADMAP

Another approach that is gaining ground in eHealth
development is business modeling, which focuses on
creating an optimal fit between the technology that is being
developed and the organizational resources and capabilities
to create a sustainable technology [24]. A framework that
combines both approaches is the CeHRes (center for eHealth
research) roadmap [15]. The roadmap with five main phases
in the development process is shown in figure 1. The
combination of human centered design and business
modeling in this framework might provide a means to help
achieve the full potential of a web-based intervention for the
prevention of depression.

In this paper, we describe a study into the development of
a web-based intervention for the prevention of depression,
employing methods from the CeHRes roadmap. The goal of
the study is twofold. The first goal is to create a viable web-
based intervention, that is attuned to the needs and wishes of
the end-users and fits the organizational context for which it
will be developed. The accompanying research question is:
What usability and usefulness issues are detected by
employing a human centered design process? The second
goal is aimed at the process: We aim to investigate the
suitability of the chosen methods, the pitfalls we encounter
and ways to cope with these pitfalls. The accompanying
research questions are: How suitable are the employed
methods? What pitfalls are encountered en what lessons can
be learned from this?

The significance of the first aim of the study is obvious
for the application being developed, but additionally, when
developing similar web-based applications, the results can be
used as a vantage point. The significance of the second aim
is much broader. New web-based applications are developed
at a startling rate, but there is no scientifically underpinned
agreement on how to best develop these applications [14]
(for example of an ad hoc development see [25]). The results
of this study will provide a starting point for future
development of web-based interventions.
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Il.  METHODS

A. Content of the Intervention

The web-based intervention for the prevention of
depression developed during this study is called ‘Living to
the full’. This intervention is based on acceptance and
commitment therapy (ACT) and targets experiental
avoidance that can be considered as a generic risk factor for
mental illnesses [26]. The intervention as a group format and
as a guided self-help format with email support by a
counselor have both shown to be effective in reducing
depressive symptoms [27-29]. The content of the web-based
intervention has been adapted from the self-help book
‘Living to the full’ [30].

B. Value Specification

In this phase of the CeHRes roadmap it is determined
which values the different stakeholders deem important.
These values and prospective users’ needs and wishes need
to be translated into functional and organizational
requirements. For this study we have chosen to employ
interviews, rapid prototyping and a feedback session (Table
1) to assess the needs and values of the target group and to
translate them into requirements for the application.
Interviews and rapid prototyping were conducted with
prospective end-users, i.e., people with mild depressive
symptoms who are willing to participate in a preventive
intervention. The feedback session to translate the needs and
values of this target group into requirements was conducted
with researchers, designers and programmers.

1) Interviews and Rapid Prototyping
Semi-structured interviews were performed to identify the
needs and requirements of the target group and the
usefulness of various possible functionalities of the system.
The interviews were combined with rapid prototyping [31].
In total, 18 interviews were conducted. The interview
participants were recruited from a previous study into the



eTELEMED 2012 : The Fourth International Conference on eHealth, Telemedicine, and Social Medicine

effectiveness of ‘Living to the full’ as a guided self-help
format with e-mail support [28]. Our participants were not
able to participate in that study because of an overwhelming
number of responses, but were willing to participate in our
study. All participants received a gift voucher for their
participation. Prior to the interview, the interviewer
explained the goal and process of the interview, obtained
permission to audio record the interview and each
interviewee signed an informed consent. A typical interview
lasted about 45 minutes.

TABLE I.  OVERVIEW OF RESEARCH ACTIVITIES AND INSTRUMENTS

Research phase Research activity Research method

Assessment of needs and
values of target group.

Value
specification

Interviews & Rapid
prototyping

Feedback session
(researchers, designers &
programmers)

Translation of needs and
values in requirements.

Design Usability assessment by Usability testing
target group.
Usability assessment by Cognitive Walkthrough
experts.
Prioritizing points for Feedback session
improvement. (researchers, designers &

programmers)

The interview scheme was based upon eHealth and
Human Centered Design literature [15, 21, 31, 32] and
consisted of three parts. Part 1 focused on previous
experience with the content of the intervention (ACT) and
with web-based interventions in general. Furthermore, the
needs and requirements were discussed by asking three
cruxes that the web-based intervention has to satisfy and one
thing that would be a reason to quit (or not start) the
intervention. Rapid prototyping was part 2 of the interview
and focused on the usefulness of three parts that were
available as a paper prototype, i.e., text message coaching,
online diary and feedback. Part three assessed demographics,
such as age, education and internet experience.

The interviews were not transcribed, but were analyzed
within 48 hours after the interview had taken place,
according to the guideline of Holtzblatt [33]. We used a
thematic analysis to identify patterns in the responses [34].
Part 1 was analyzed by translating the cruxes and reasons to
quit into needs and values. Part 2 was analyzed by counting
the number of respondents who would and would not like to
use the different features. Further information was coded
using a thematic analysis. All analyses were done by two
independent coders.

2) Feedback session

The results of the interviews and rapid prototyping were
communicated to the designers and programmers by means
of a report written by the researchers. This report was
presented and discussed with the development team of the
web-based application to translate the needs and values into
requirements. The researchers specified the most important
needs and values and the development team used their
expertise to implement these requirements into the prototype
of the application.
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C. Design

In this phase of the roadmap, (a prototypical version of)
the technology is developed, based on the requirements. The
framework advocates the application of cooperative design
in which the design team creates the technology with
prospective users and stakeholders together. For this study
we have chosen to employ think aloud usability testing with
the target group and a cognitive walkthrough with experts
(Table 1) to assess the usability and usefulness of the web-
based application.

1) Usability testing

Usability testing was used to assess the usability of the
application by the target group. We employed a scenario-
based think aloud protocol [35], i.e., respondents were
guided through the application by means of scenarios that
pose a problem or task that might be solved or completed by
using the program and respondents were instructed to
verbalize their thoughts during the whole process of the test.
We conducted 10 usability tests. Participants were recruited
using online advertisements and were part of the target group
of the web-based intervention. All participants received a gift
voucher for their participation. All usability tests were
recorded and coded retrospectively. The material (audio and
video) was reviewed and issues were identified by the
researcher. Verbal comments as well as actions taken by the
respondents could be coded as issues. These issues were
analyzed using a coding scheme based upon the
subconstructs of the 1SO definition of usability [18]
following the work of Hornbaek et al. [36].

2) Cognitive Walkthrough

The cognitive walkthrough method was used to assess
the usability of the application by experts. This method was
used in addition to usability testing by the target group to
gain a broader overview of the usability of the application
[35]. Eight experts of the University of Twente conducted
the cognitive walkthrough. Issues were coded using the same
coding scheme as used for the usability testing.

3) Feedback session

The results of the usability testing and cognitive
walkthrough were communicated to the designers and
programmers by means of a report written by the
researchers. This report was presented and discussed with the
development team of the web-based application to prioritize
the points for improvement.

I1l.  RESULTS

A. Value Specification

The mean age of the 18 respondents was 45 years (sd =
10), 78% (n = 14) was female and 78% (n = 14) has
completed at least higher vocational education. The needs an
values that arose from the interviews are presented in Table
1.

67% (n = 12) respondents indicated that they would use
text message coaching. 11% (n = 2) would not use this
feature and for the remaining 22% (n = 4) using this feature
depends on the content of the text messages. Reminders (n =
11) are seen as the most useful content for the text messages,
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although assignments (n = 6) and motivation (n = 4) are also
seen as useful content.

The possibility of an online diary was received with
mixed reactions. 44% (n = 8) would definitely use it and
thought of it as a pleasant addition. However 56% (n = 10)
would only use the diary when it is part of an assignment in
the course.

TABLE Il.  NEEDS AND VALUES

Needs and values

N

Functional design application

Feedback/contact with counselor

Added value of content

Flexible schedule of doing the course

Contact with others using the application

Attractive application

Fixed endpoint

Specific/clear instructions

Limited time investment (content and assignments to-the-point)

Personal attention

Encouragement to complete the course

RPlWW W w W, oS

Focus on ‘real-world’ of the users

All respondents indicated that feedback would be useful
and even essential. Feedback is expected on assignments, but
it can also be useful for gaining new insights, support and
motivation. Several respondents (n = 5) stress the importance
of the feedback being personal.

Based on the results of the interviews and rapid
prototyping, a report with recommendations was written by
the researchers and communicated with the design team. The
recommendations were prioritized and an action plan was
agreed on.

B. Design

The mean age of the 10 participants of the usability test
was 38 years (sd = 11), 90% (n = 9) was female and 70 % (n
= 7) has completed at least higher vocational education. The
8 participants of the cognitive walkthrough can be
categorized as usability experts (n = 7) and target group
experts (n = 1) [33]. In total, both methods yielded 476
issues, virtually equally distributed between the usability
testing and cognitive walkthrough (respectively 52% (n =
242) and 48% (n = 225)). Table 111 shows the distribution of
the issues over the subconstructs of usability and the amount
of positive (+), neutral (+/-) and negative issues.

TABLE Ill. IsSUES DESIGN PHASE
Usability testing Cognitive total
Walkthroug
+ +/- total | + +H- | - total

Effectiveness | 12 | 3 76 91 0 0 85 85 176

Efficientcy 20 | 3 31 54 0 1 1 55

0
Satisfaction 4515 47 97 29 | 3 107 | 139 | 236
Total 77 | 11 | 154 | 242 | 29 | 3 193 | 225 | 467

Issues ranged from the functioning of features (e.g.,
respondent cannot adjust the volume of the player of the
mindfulness exercise; usability test, respondent 6); to layout
(1 like the colours, usability test, respondent 11); and to the
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lack of options (The mindfulness exercise should have the
option to download the exercise as mp3-file; cognitive
walkthrough, respondent 6). As can be seen in Table I11 there
were differences in the sort of issues both methods detected.
Usability testing yielded more positive issues and the issues
were more evenly divided over the subconstructs. The
cognitive walkthrough yielded only 1 issue in efficiency and
most issues were found in satisfaction.

Based on these 467 issues, 109 unique points for
improvement were formulated. Of these points, 38 came
forward in both methods, 19 were uniquely based on the
usability testing and 52 were uniquely based on the cognitive
walkthrough.

The 109 points for improvement were communicated to
the design team, by means of a report in which the
improvements were categorized by feature of the application
(e.g., signing up; the first lesson). During the feedback
session with the researchers, designers and programmers, a
prioritization was made, based on the study results and the
estimation of the estimated effort (time and money) to
implement the points of improvement.

IV. CONCLUSION AND DISCUSSION

A. Application

Our first research question was aimed at identifying
usability and usefulness issues by employing a human
centered design process. The study has shown that
employing the chosen research methods yielded many issues
related to the application. Regarding usefulness, our results
show that the most important needs and values of the target
group are a functional design of the application, feedback or
contact with a counselor and the importance of added value
of the content of the intervention. Furthermore, we have seen
that text message coaching seems a viable feature of the
web-based intervention, as long as the content of the text
messages serves as a reminder, an assignment or is
motivational. An online diary can be useful, under the
condition that the diary is embedded in assignments.
Moreover, feedback is essential for a web-based intervention
for the prevention of depression. Regarding usability, the
results yielded over 100 points of improvement on usability
aspects of effectiveness, efficiency and satisfaction. Studies
have shown the significance of a well attuned intervention to
reduce non-use and dropout of an intervention [10-12]. By
employing a human centered design process, we feel that we
have succeeded in our goal to lay the foundation of a viable
web-based intervention, that is attuned to the needs and
wishes of the end-users and have thereby increased the
expected future adherence to this intervention. However, the
second part of our goal was to create an intervention that fits
the organizational context for which it will be developed.
Due to the methods we have used, our approach was more
user and expert driven than fully stakeholder driven. The
care professionals and the organizational context, might not
have been given the appropriate attention. Nevertheless, the
developed intervention seems to be viable for the end-users
in their context.
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B. Process

The research questions that accompany our second
research aim were focused at the suitability of the employed
methods, the pitfalls we encountered and the lessons we have
learned. The methods used in the value specification phase
seem to be suitable. They have yielded valuable information
on the needs of the target group and the usefulness of
different features. However, according to the CeHRes
roadmap [15] and human centered design literature (e.g.,
[32]), participation of the target group should start before the
value specification phase. In this study the researchers and
the design team have decided in advance that the target
group has a need for the intervention and the chosen mode
(web-based). Therefore, other modes (e.g., mobile, devices)
have not been considered and the actual need for a web-
based intervention has not been researched. We feel that, for
this topic, there is enough evidence to support the
significance for web-based interventions [1-9], but it is
important to always assess ones assumptions before trusting
them blindly.

For the design phase we used a target group method
(usability testing) and an expert method (cognitive
walkthrough). Interestingly, the expert method yielded far
more unique points of improvement than the target group
method. This is in line with the overview of usability
methods of Jaspers [35] that states that in a later stage of
development expert methods might yield more usability
results. An explanation might be that end-users find it harder
to separate the content and context from functional
characteristics of a system [14]. This might also explain the
differences in the distribution of the issues over the
subconstructs  effectiveness, efficiency and satisfaction.
Nevertheless, in line with the CeHRes roadmap, we feel it is
important to view the system not as a stand-alone
application, but in its context. Therefore, although the target
group method did not yield as many unique points for
improvement, it is still an important part of the design phase,
especially because the end-users do not see the application
separate from its context.

In this study, we have made a first step in developing a
web-based intervention for the prevention of depression
following the CeHRes roadmap. Although we have included
different stakeholders (users, designers, programmers,
researchers), care professionals and the organization in
which the intervention will be implemented have not been
involved. This makes it hard to investigate whether the
developed intervention fits the organizational context for
which it is developed. Including these two important
stakeholders in future research might lead to a better
organizational fit. In the value specification phase, this could
be realized by employing focus group methods and in the
design phase by usability testing combined with interviews
[15].

In the development process, we have encountered all of
the common pitfalls described in the introduction (losing the
focus on the user; a middle-of-the-road design; an
uninvolved project leader) to a certain degree. Losing the
focus on the user was seen most prominently in discussing
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and prioritizing the points of improvement in the design
phase. Time and costs can quickly become more important
than the needs and wishes of the users. It would have been
better to involve the users in prioritizing the points for
improvement. The pitfall of a middle-of-the-road design was
also encountered in the design phase when users reacted
differently on design ideas. For example, a sentence that was
intended to rouse curiosity was found to be provoking for
some participants and therefore tuned down. We did not
encounter the pitfall of an uninvolved project leader as such,
but we did encounter difficulties in the project team and
interdisciplinary issues. Our project team consisted of
researchers, designers and programmers. There was no
formal project leader, instead one of the researchers took this
role. The project team was organized with the researcher as
the central hub. Although this informal project management
worked well most of the time, there were instances where the
informal project leader did not have the authority to make
certain decisions or the resources to be involved in all
aspects of the development process. These issues have led to
time delays and confusion. A more ideal organizational
structure based on our experiences and literature can be
found in figure 2 [14, 23, 32]. In this figure, the project
leader might be one of the researchers, provided that
adequate resources and has a mandate to make decisions in
the development process.

Projectleader

Researchers Designers

Users, expertsand Programmers
other stakeholders

Figure 2. Ideal organizational structure

meessssss——— |ntensive contact

Necessary contact

Desired contact
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Abstract—People suffering from mild dementia may get lost
during a walk, which can be dangerous for them and adds to
the anxiety felt by their informal caregivers. TalkMeHome is a
new service that allows these people to get home safely in such
situations using their mobile phone. They can call a remote
care professional who will guide the lost person home. To
accomplish this, the professional caregiver is able to follow the
person’s GPS-location on a map and in Google Streetview.
This paper reports on four experiments with TalkMeHome to
assess the effectiveness and user experience of the service. In
all four cases the participants were guided home satisfactorily,
even under suboptimal conditions. The experiments further
revealed that talking people home is demanding for the care
professional and that they need adequate ICT support. The
contribution of our work is that we evaluated this new service
with real patients and real professional care givers in a semi-
controlled environment.

location-based
remote care;

Keywords-dementia;
positioning system (GPS);
professional; user test.

services;  global
lost person; care

l. INTRODUCTION

It has been estimated that in 2010 there were 35.6 million
people living with dementia worldwide. Expectations are
that this number will increase to 65.7 million by 2030 and
115.4 million by 2050 [1]. For people suffering from
dementia, out-of-door mobility is an essential element of
their quality of life [2]. However, these people are at
considerable risk of getting lost during a walk, which can
lead to hazardous situations [3, 4]. Moreover, the thought
that their loved ones could be involved in an accident as a
result of their disease adds to the burden felt by informal
caregivers. To protect people suffering from dementia and to
relieve the anxiety experienced by their informal caregivers,
a number of interventions can be performed, such as locking
doors to prevent a person with dementia (PwD) from leaving
the house [5]. Such measures are however very disruptive
and reduce the quality of life of people with dementia.

It has been recognized that the use of the Global
Positioning System (GPS) may help to solve the problems
experienced by caregivers and people with early dementia in
a less disruptive manner [6]. Using this type of technology,

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-179-3

the PwD typically carries a GPS tracking device. At home,
an informal caregiver may then log into a secure
environment (a website) to determine the location of the
carrier of the GPS device [7, 8]. Some of the available
trackers can be switched to two-way voice communications,
which are commonly activated using the alarm button on the
device. In case somebody suffering from dementia is unable
to find the way home, an informal caregiver may, after
obtaining the location of the PwD, go outside and bring the
loved one home.

Despite the obvious bhenefits of the application of
tracking devices (increased mobility for PwDs, fewer
worries for informal caregivers), this technology has several
shortcomings. For example, in many cases the main
caregiver is an elderly person, often a spouse [1], who may
not be able to physically get the PwD and take him home.
Moreover, other informal caregivers such as adult children
may not always be available because they live too far away
or because they are bound by other obligations. Finally, not
all caregivers may feel comfortable using new technology,
such as a secure website.

TalkMeHome [9] is a new mobile service that overcomes
these problems through a healthcare professional (see Figure
1). This person works from a care center and is specialized
in remote care for people with dementia. PwDs can call the
professional from their mobile phone when they are lost,
which results in an “alarm” on the computer system that the
professional uses. The professional accepts the call and talks
someone home by providing instructions on how to walk
(“turn left here”, “turn right at next intersection”). To
accomplish this, the professional’s computer system provides
a special dashboard that shows the PwD’s location in real-
time on a map and in Google Streetview. TalkMeHome
works on a wide variety of mobile phones, as long as they
have a GPS receiver and a UMTS data connection to stream
the PwD’s coordinates to the care professional. The service
is primarily intended for people with early-stage dementia
who live at home. TalkMeHome is a commercial service that
PwDs will pay for. TalkMeHome also allows informal
caregivers to follow the location of a PwD, but this part of
the service out of scope for our work.
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informal caregiver
at home

lost person
outside

care professional
in care center

voice connection and
GPS position update

GPS position update

Figure 1. Main actors in the TalkMeHome service.

In this paper, we discuss the evaluation of TalkMeHome.
The goal of the evaluation was to assess the effectiveness
and user experience of this novel service before it will be
made available commercially and to investigate how PwDs
and care professionals experience the service.

The novelty of our work is that we evaluated the service
with real PwDs and real professional care givers in a semi-
controlled environment. In recent years, a number of pilot
studies on the use of GPS for dementia patients have been
carried out [7, 8, 10-13], but not for a service like
TalkMeHome. These studies do however endorse the
potential benefits of the use of GPS technology. At the same
time, they also point out that the technology used should
function sufficiently reliably. Furthermore, the need for a
very simple tracking device is stressed [7] plus that these
devices are mainly considered suitable for patients in the
early stage of their illness [10]. It has been shown that not
only informal caregivers who have experience with the use
of tracking devices feel positive about the application of GPS
technology, but formal caregivers as well [11]. Another
application of GPS technology for lost people is the use of an
adapted TomTom, which they can use to find the way back
home [12, 13].

The remainder of this paper is structured as follows.
Section Il discusses the user requirements that served as an
input for the development of the service. Section |11 presents
the technical setup for our experiments, followed by the
applied method in Section IV. Section V gives an overview
of the results of our evaluation, followed by a discussion in
Section VI. Section VII concludes the paper.

Il.  USER REQUIREMENTS

Before TalkMeHome was developed, we identified what
the PwD (a possibly lost person) and the care professional
guiding the PwD home would require from the service. To
find these requirements, desk research was conducted,
including a literature study and writing scenarios. Moreover
a senior care professional was consulted, an employee of
“Carint Reggeland”, which is a care organization in the East
of the Netherlands.

Also the researchers carried out a number of small
experiments in which conventional trackers were used,
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combined with an additional mobile phone to simulate the
anticipated implementation as close as possible [14].

A. Persons with Dementia

The requirements of the PwDs pertained to the mobile
device they would have to use. Three options for such a
device were discerned:

e A conventional tracking device, which enables the
localization of the PwD as well as two-way voice
communication.

e The combination of a mabile phone (hot necessarily
equipped with GPS) and a separate tracking device
which the PwD may, for instance, wear on a belt.

e A mobile phone using the 3G standard (UMTS) and
GPS.

To the best of our knowledge, no conventional tracking
device was available which allowed voice communication
and localization updates simultaneously, a conditio sine qua
non for the TalkMeHome service. For that reason, the first
option was rejected. The second option was regarded less
desirable because in this case the informal caregiver must
ensure that the PwD carries two devices, and both need to be
charged as well, which was considered too cumbersome.
Hence we chose the third option. An advantage of using a
mobile phone is that such a device is not stigmatizing as
nowadays almost everyone carries a mobile phone.
Especially PwDs using a walker may want to carry the phone
on a strap around the neck. For the same reason hands-free
operation of the phone must be possible. It goes without
saying that the mobile phone used should be as simple and as
light as possible.

The second point of attention from the PwD’s point of
view were the GPS location updates. The aforementioned
experiments with existing trackers showed that the typical
interval of one minute between two GPS location updates
was too long because even with a walker, walking velocities
of elderly people may range from 0.9 to 1.1 m/s [12].

B. Care Professionals

The care professional who guides a lost person home
must have a map showing the position of the person. This
map should be extended with images of the surroundings of
the guided person, when available, so that it becomes easier
to formulate adequate instructions. A trace of the path taken
thus far by the PwD as well as a route planner suitable for
pedestrians were seen as needed to further support the
professional in guiding the PwD home. These new functions
should augment the basic functions available to a care
professional, such as being able to answer a call (i.e., handle
an alarm) and get (medical) information on the PwD who is
calling.

IIl.  TECHNICAL SETUP

We ran the experiments with a prototype of
TalkMeHome, which integrates into the Universal Alarm
Receiver (UMO) from Verklizan, a company based in the
Netherlands. The UMO is an existing commercial product
for care centers that is widely in use across Europe, but as
yet without support for guiding people home. It provides an
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elaborate dashboard for care professionals to handle alarms,
which we extended with TalkMeHome-specific functions.
For the location updates, we used the services of FindWhere,
also a Dutch company. We connected their location server to
the UMO, thus making real-time location information
available to care professionals.

Figure 2 depicts the implementation of the TalkMeHome

service in more detail. The most important components are:

e A dashboard, used by the care professional to guide
PwDs home. When an alarm is received, the
dashboard displays (medical) information about the
PwD as well as the location of the PwD. For this
purpose, Google Maps with Street View was used.
The dashboard also enables the voice connection
with the PwD.

e A smartphone, used by the PwD to make contact
with the care professional. For the test described
below a Nokia 5230 was selected because of its
uncomplicated user interface and favorable pricing.
FindWhere’s application iFindWhere (version
6.07.05) was installed on the smartphone and the red
button of the Nokia served as the alarm button to be
used by the PwD in order to establish the contact.

e A location server, which keeps track of the position
of each smartphone, provided that the smartphone is
registered properly. In the test version of the
software used to update the GPS location, the time
interval between two updates was set to 18 seconds.

IV. METHOD

The goal of our evaluation was to answer two questions:
(1) how effective is the TalkMeHome service in guiding
PwDs home and (2) what is the user experience during the
process of talking someone home, both for PwDs and for
care professionals.

A. Participants

As has been noted by other researchers, getting
participants (people with dementia) was not easy [10]. The
customer database of Carint Reggeland was consulted,
medical coworkers were invited to recommend participants
and local newspapers published information about the
service tested. In addition, we used a set of inclusion criteria
to determine if PwDs fall in the target group of
TalkMeHome (see below).

Eventually four participants took part in the evaluation,
as well as the two care professionals (Figure 3, taken from
[15]). All participants came from the region of Twente, in the
Eastern part of the Netherlands.

The inclusion criteria we used for the participants were:

o  Suffering from mild dementia.

Lives more or less independently at home.

Is quite able to follow instructions.

Must be able to use the available smartphone.

Is able to walk a longer distance.

Signed an Informed Consent (and the informal care
giver as well).
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Figure 2. Organization of the TalkMeHome service.

Two experienced care professionals took part in the test.
Both of them were employees of Carint Reggeland, one of
whom also provided input during the user requirements
phase (see Section II). It should be noted that prior to the
tests the care professionals had not had an opportunity to
gain experience in guiding a person with mild dementia
home.

B. Talking Someone Home

For the actual evaluations, each participant was visited at
home. Then it was determined first whether the participant
met the inclusion criteria. If this was the case, the participant
was invited to go out for a walk, accompanied by two
researchers from our team. After walking a certain distance
(typically 500 m.) the actual test began by pushing the alarm
button, simulating the PwWD being “lost”. This established a
connection with the care professional. After that, the care
professional guided the participant back home. One of the
researchers observed the participant while the main
responsibility of a second researcher was to ensure the
safety, for instance regarding traffic, of the participant.

Figure 3. One of the care professionals guiding someone home.

While the participants were being talked home, data was
collected in a number of ways. First, the observations made
were written down. Moreover, the conversation between the
participant and the care professional was digitally recorded.
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After talking someone home, a short interview with each of
the participants was conducted asking their opinion about the
ease of use of the smartphone, their feelings regarding safety
and security, and their motivation to use a smartphone. After
each TalkMeHome session, the care professional also
completed a questionnaire containing questions about the
hardware and software used (e.g. the experienced usability),
work load (e.g. whether it was possible to do other tasks
while guiding somebody home), how the communication
with the participant was experienced, and finally how
comfortable the care professional felt when guiding a person
home. After completion of all tests, the data were assembled,
analysed and discussed by the researchers. In a second
meeting the views held by the two participating care
professionals were put forward.

V. RESULTS

In this section, we present a short summary of the results
of the four TalkMeHome sessions. We discuss the
effectiveness of the service and the user experience in
Section VI.

A. Participant #1

The first participant was an elderly lady in her seventies.
Together with her husband she lives in a small town with
7000 inhabitants. She was diagnosed with Alzheimer four
years ago. Sometimes her right-left discrimination is poor.

Establishing a connection between participant and care
professional took place without difficulties. But after a few
minutes the transmission of GPS locations came to a hal,
most likely due to insufficient UMTS coverage. However,
this participant was able to describe her surroundings
accurately, including street names and characteristic features
such as buildings and parking lots. Based on this
information, the map and corresponding satellite images, the
care professional was able to satisfactorily guide the
participant through her home town. Only once the participant
took the wrong direction but this was corrected by the care
professional after 20 meters. Right-left confusion occurred
only once. The care professional knew on which wrist the
participant wore her watch, which could have been helpful if
necessary.

B. Participant #2

The second participant lives on her own in a larger city
(130,000 inhabitants). She has been known to suffer from
Alzheimer’s disease for some time. She walks with a walker
and for that reason the smartphone was used hands-free.

Despite this use of the smartphone, the communication
between the participant and the care professional went
smoothly during the test. Only once the participant took the
wrong direction but again this could be corrected after 20
meters. The map used, however, turned out to be incomplete
and inaccurate as the apartment of the participant was not on
the map yet. But as she was familiar with the immediate
vicinity of her home she still could be guided home
successfully.
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C. Participant #3

The third participant lives in a city of more than 70,000
inhabitants. She has suffered from dementia for some years.
She already got lost once.

This test started under the trees of a small park. GPS
locations got through to the care center only after a restart.
The walk began with a straight road of about 100 meters
with no crossroads. Because apparently no information was
needed, the care professional stopped talking for a while.
Then, somewhat confused, the participant stopped walking.
When the conversation was resumed, the participant
responded very well to instructions. Difficulties were
observed at a road construction site. It took a while before
the care professional understood the situation. After that, she
guided the participant home taking a detour.

D. Participant #4

The fourth and final participant lives with his spouse in a
village (over 7,000 inhabitants). He has been diagnosed with
a mild form of Alzheimer’s disease by a gerontologist.

Again, at the start of the walk, there were some
difficulties establishing the connection between the care
professional and the participant. Also, the participant broke
the connection once unintentionally. As in the previous tests
no technical problems were encountered after that. Contrary
to the findings of the other three tests, this participant
sometimes gave erroneous information, such as incorrect
street names, which made the care professional’s task harder,
particularly since for this area Street View was not available.
This participant interrupted the walk for a short chat with a
friend.

VI. DISCUSSION

We discuss the results of our evaluation in terms of the
two questions we are addressing: (1) how effective is
TalkMeHome and (2) what is the user experience during the
process of talking someone home. We also discuss the
limitations of our results.

A. Effectiveness

In all four tests the participants were guided home
satisfactorily. The start of a walk posed a specific problem:
as the viewing direction of the participant was unknown, and
the participant was not walking yet, the meaning of the terms
left and right were not clear. In the experiments this was
solved by asking the participant simply to start walking. If
the direction turned out to be wrong, the participant was
subsequently asked to turn around. Apart from this issue
only a couple of easily corrected mistakes were observed
during the tests.

The experiments showed that conditions for the
TalkMeHome service are optimal if three conditions are met:
a reliable map is available, GPS locations are updated
frequently (preferably with interval of less than 10 seconds,
as experiments showed), and PwDs are giving a good
description of their surroundings during a walk. However, if
only two of the three conditions are met, guiding a PwD
home may still be possible. For example, the PwD’s
description is not really necessary as guiding a PwD home
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based on a reliable map and GPS locations turned out to be
possible as well. Moreover, it is still possible to guide a PwD
home if the update of GPS locations should (temporarily)
come to a halt, provided an initial location is available, the
PwD is able to describe his or her surroundings sufficiently,
and a reliable map is available, Finally, a small difference
between reality and the map used is not necessarily
insurmountable.

The test showed the value of relevant information, such
as on which hand a (wedding) ring is worn in case of a right-
left confusion. It should be investigated how such
information can be made available to the care professional
and how it can be kept up-to-date.

B. User Experience

The contact between the PwD and the care professional
was found to be good as became apparent from the
completed questionnaires and the digitally recorded
conversations. There were few misunderstandings between
them. If possible, the participant and the care professional
had a chat, for example about the weather conditions, which
contributed to a relaxed atmosphere while maintaining the
necessary contact.

The evaluation further revealed that guiding somebody
home is a demanding task for the care professional because a
great deal of information needs to be processed quickly by
them. As there is always a certain time delay the care
professionals should anticipate the situation ahead. A higher
update frequency for the GPS locations resulting in a more
fluid motion, and more precise locations would be helpful.
There appeared to be little time for other tasks, such as
looking up additional information about the PwD. This
suggests that the user interface of the dashboard needs to be
optimized for TalkMeHome.

C. Limitations

The focus of the evaluation described in this paper is the
actual process of gquiding people home. How the
TalkMeHome service will be incorporated into everyday life
of the PwD, including the question whether PwDs are able to
contact the care center autonomously, was not taken into
consideration. A PwD who has difficulty to contact the care
center may benefit from alternative scenarios, for instance a
scenario in which a worried informal caregiver contacts the
care professional, who then establishes the contact with the
PwD.

The PwDs who participated in the evaluation were not
really lost, but accompanied by researchers who paid
attention to safety issues. It is unclear how PwDs would react
to the TalkMeHome service in a more stressful situation. The
meeting with the care professionals revealed the
professionals’ concerns regarding these matters. How should
they act if a PwD is unable to respond properly? How can an
unsafe situation (e.g. in traffic) be avoided? Issues regarding
their (legal) responsibility should be looked into.

VII. CONCLUSION AND FUTURE WORK

We discussed TalkMeHome, a novel mobile service that
allows people with early-stage dementia to get home safely
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when they are lost. With the single press of a button, they
can call a remote care who is specialized in (remote) care for
people with mild dementia. This care professional uses the
TalkMeHome dashboard to follow the lost person’s location
on a map and to provide instructions (directions) for this
person how to get home safely. The service’s added value is
that it increases the quality of life of people with mild
dementia (increased level of mobility) as well as that of the
informal care giver (fewer worries). It also allows people to
live at home longer, which reduces the load on intramural
care facilities.

We evaluated the service with four people with early-
stage dementia. Our goal was to assess how effective
TalkMeHome is and how the users (PwDs and care
professionals) would experience it. The novelty of our work
is that it involved real PwDs and real professional care givers
in a semi-controlled environment

As for effectiveness, all four participants were guided
home satisfactorily, technical imperfections set aside. Only a
few easily corrected mistakes were noticed. The evaluations
further showed that guiding a PwD home is possible even
under suboptimal conditions (unreliable information of the
PwD, missing location updates or an incomplete map). This
suggests that TalkMeHome is an effective service, which
increases our confidence that it can be made available as a
commercial service. It also shows that a technology that is
not 100% accurate can still provide an added value.
Regarding the experiences of the users, both PwDs and care
professionals, we conclude that the contact between both was
easy but guiding somebody home is a demanding task for a
care professional.

Additional research may focus on optimizing the use of
the service in everyday life as well as alternative scenarios.

In terms of user experience, our work revealed the
difficulty of the care professional’s task. This suggests that
the user interface of the dashboard needs to be optimized for
TalkMeHome and that it is of paramount importance to offer
proper education for care professionals, both in regular
education and continuing training. With an aging population
the demand for appropriate support will only increase. For
this reason the research group ‘ICT-Innovations in
Healthcare’ will take the initiative for a ‘Skills Lab’, a
laboratory equipped with the necessary hardware and
software to facilitate research and training with regard to the
skills of a care professional, for instance in terms of
protocols for care professionals to guide someone home.
This research and training will not be limited to the actual
TalkMeHome service presented in this paper. The Skills Lab
will support the necessary research and training facilities.
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Abstract— Though the application of telecommunication
technology for rehabilitation of aphasic patients has been
proposed as an appropriate mode for the delivery of speech
and language services in general and for aphasic patients in
particular, systematic research into the delivery of therapy via
telerehabilitation (TR) is limited. The present study attempts
to fill this gap by comparing the effects of TR to the effects of a
conventional face-to-face (FtF) therapy. Eight patients with
aphasia participated in a within-subject case study design
(ABAC/ACAB). Patients received a 14-session block of TR at
their homes via a custom-made Internet server, as well as a 14-
session block of conventional FtF treatment in the clinic. Each
patient was evaluated four times, before and after each of the
two series of therapy. Patients also completed self-reported
satisfaction questionnaires regarding the two treatment modes.
All participants benefited from therapy, regardless of therapy
mode. There was no significant difference in the effect of
therapy on most measures in the formal assessment, as well as
on the satisfaction measures. When a significant difference was
found between the two treatment modes, TR was found to be
more beneficial. Qur results provide evidence that TR is not
only feasible and suitable for the treatment of aphasic patients
but that it may also be as effective as FtF therapy. Despite the
promising results of the present study, future research is
required in order to investigate the effect of TR in populations
with more diverse speech and language disorders.
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1. INTRODUCTION

Telerehabilitation (TR) is a branch of telemedicine, in
which health services are delivered to patients from a
distance through information technology and
telecommunication systems. The main motivation for
developing telemedicine in general and TR in particular was
to offer accessible treatment to individuals who live
relatively far from health centers, in geographically remote
regions, as well as to individuals with physical disability for
whom travel is difficult [9][13]. The earliest reports on
treatment of speech and language disorders from a distance
appeared in the 1980s. Since then, service delivery has been
examined with the use of technologies such as telephone,
television, computers, and satellite [1]. In the last decade,
technological developments have enabled the use of
videoconferences and internet-based features [1][2].
According to a recent review by Mashima and Doarn [9],
these developments led to the implementation of tele-
services in various areas within the speech language and
hearing therapy. For instance, TR was examined as part of

treatment of swallowing disorders, voice disorders,
stuttering, and speech disorders in individuals with
Parkinson's disease, cleft palate, autism, and hearing
impairment.

Technologically-based rehabilitation of individuals with
brain damage has great potential. Yet, this potential has to be
established through careful research. It is important to study
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the feasibility and effectiveness of both assessment and
treatment from a distance. One of the main questions with
which researchers have been concerned is whether
assessment of language and speech disorders following brain
damage could be as reliable as face-to-face assessment.
Brennan et al. [3] and Gerogeadis et al. [4] reported that
when using a picture description task, no difference was
found between assessment from a distance through
computer-based videoconference and conventional FtF
assessment.

Further analysis that looked at the effects of background
variables of age, gender, education level, and experience
with technology on TR and FtF treatments revealed no
significant differences between linguistic performances in
either environment for TBI patients [3]. In addition, Palsbo
[10] administered a more comprehensive assessment of
functional communication, using three subtests from the
Boston Diagnostic Aphasia Examination [5]. In this study,
very high levels of agreement were recorded between stand-
alone videoconference and FtF assessment.

Though these results were encouraging, the study did not
control for impairment severity and type of communication
disorder. In a later study, Hill et al. [6] showed that aphasia
severity had little effect on assessment accuracy for the
majority of tests.

The feasibility and reliability of technologically
governed assessment from a distance are very important for
planning and monitoring speech and language therapy
programs. However, it is not enough to examine assessment
if treatment is to be evaluated. There is some evidence
regarding TR for people who suffer from voice disorders [8]
as well as for people suffering from speech disorders in
Parkinson's disease [12]. These studies used both objective
measures and self-report to examine the efficacy of
treatment. They documented no difference in outcome
measures between patients treated via TR technology and
those treated through conventional therapy.

Nonetheless, it is unclear whether the results of treatment
to one population can be generalized to treatment of another
population, especially when aphasia patients are concerned.
If the goal is to develop and implement a TR protocol to
aphasia patients, it is important to show that the mode of
therapy delivery is not only feasible but that it is as effective

as the traditional FtF therapy. Such research might promote
the use of TR as the treatment of choice, and might help in
allocating insurance funding to this line of treatment.

Thus, the present study aims at establishing the
feasibility and effectiveness of TR to patients with aphasia.
The study compares the outcome of speech and language
therapy provided through both TR and FtF modes. The two
treatment modes will be compared through both objective
measures, mainly the change in scores in formal tests, and
subjective measures that included self reported satisfaction.
Our main question was whether TR via the Internet could be
as efficient as is conventional FtF therapy.

The remainder of the paper is structured as follows:
Section II describes the research method. Section III
introduces the results of the comparisons between the two
modes of therapy. First, we present scores on the objective
assessment battery and then we present scores on the
satisfaction questionnaires. Finally, Section IV presents the
main conclusions of the study.

II. METHOD

Participants: Eight native Hebrew speaking individuals
with aphasia participated in the study. Table 1 presents
background characteristics of these patients. All participants
were right handed with at least 11 years of education,
between age 46 and age 72. They all suffered a single left
cerebrovascular accident (CVA), most of them in the
distribution of the middle cerebral artery. Lesions were
confirmed by CT or MRI scans. Participants were 4-50
months post CVA. They all passed an audiometric hearing
screening test that demonstrated normal hearing levels
(< 35db HL 500-4000Hz).

The diagnosis of aphasia was determined on the basis of
the Hebrew version of the Western Aphasia Battery [7][11].
Five participants were diagnosed with Anomic Aphasia, two
participants were diagnosed with Conduction Aphasia and
one was diagnosed with Broca's Aphasia. The WAB Aphasia
Quotient at study entry ranged between 12.6 and 91, with a
mean of 68.5 (SD = 24.14).

Study design: The study used a within-subject case
study design (ABAC/ACAB). All eight participants received
two types of treatment (TR and FtF). Each type of treatment
included 14 therapy sessions that took place twice to three

TABLE L. BACKGROUND CHARACTERISTICS OF STUDY PARTICIPANTS

P1 P2 P3 P5 P6 pP7 P8
Age (years) 63 70 46 64 71 72 68 54
Gender M M F M M M M M
Handedness Right Right Right Right Right Right Right Right
Education 17 12 11 15 15 15 12 16
MPO 50 30 30 21 32 12 4 28
Lesion location Left MCA  Left MCA Left MCA Left MCA  Left Basal Left MCA Left parietal Left Basal

ganglia ganglia

AQ 12.6 72 73 91 76.6 87 66 69.8
Aphasia type Broca's Anomic Conduction  Anomic Anomic Anomic Conduction Anomic

Note. P=participant; F=female; M=male; MPO=months post onset; MCA=middle cerebral artery; AQ=aphasia quotient
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times a week. There was a six-week recess in between the
two types of treatments to minimize the effect that the first
treatment could have on the results of the next treatment.
Four participants received TR first and then FtF (hereafter
Group 1) and the other four participants received FtF first
and then TR (hereafter Group 2). Each patient was evaluated
four times, before and after each of the two series of therapy
sessions (that is, before and after TR, before and after FtF).

Assessment: An independent clinician who did not
provide therapy to a given patient evaluated him or her. The
assessment was conducted in two sessions and included the
Hebrew version of the Western Aphasia Battery [7][11],
commonly used to diagnose aphasic syndrome and severity.
For each patient a measure of Aphasia Quotient (AQ) was
calculated as a summary of scores of the oral language
subtests of the WAB: spontaneous speech (content and
fluency), auditory comprehension, repetition, and naming.
AQ scores can range from O up to 100, with 100 representing
intact abilities.

In addition, an assessment of the participant's satisfaction
with the therapy process was conducted at the end of each
session series, using structured questionnaires designed for
each type of treatment. Both questionnaires consisted of 13
identical questions. Following the TR session series, the
questionnaire contained the same 13 questions plus five
additional questions that focused on technical aspects. The
questionnaires included both positive and negative
statements about the treatment. Each patient was asked to
specify his/her level of agreement with each statement, on a
1-4 scale. For example, the patients were asked to state their
level of agreement with statements such as: "Using a
computer for treatment is easy’, “The treatment was
stressful”, "I was happy with the interaction I had with the
clinician during the treatment”.

In addition, six weeks following the completion of the
second treatment series, each patient was requested to fill a
questionnaire that contained 17 statements. The patient was
asked to indicate for each statement which mode of treatment
s’/he would prefer. Responses could be TR, FtF, both or
neither. The patient was encouraged to explain his/her
decision. For example, the patient heard statements such as
"T understood the clinician better", "I made greater progress".
After each statement the patient was asked to choose TR or
FtF, or to say "both" if s/he thought that both treatments were
equally good or "neither" if no treatment could be selected.

Treatment: At the beginning of the treatment session
series each person was presented with a set of pictures and
was requested to name them. A different set of pictures was
used in each treatment program. Following this initial
naming test, a set of 20 pictures that the patient failed to
name was defined separately for every person. This set was
then divided into two subsets of ten pictures — one set was
used for training and the other set was used to assess
generalization following all therapy sessions. Each treatment
session lasted 45 minutes. The session began with a short
spontaneous conversation, followed by a diagnostic naming
test of the ten words. The next twenty minutes were
dedicated to improving naming of these 10 pictures. In the
remaining time, several other language tasks were chosen
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and tailored by the SLP to fit the patient's individual needs
and personal goals. The same structure applied in both the
TR and the FtF protocols. During the period of the study
none of the participants received any other treatment for
aphasia.

System: A custom-made web application that provides
videoconference along with a shared whiteboard was used
for the TR. This system contains more than 50 various
language-related tasks, such as naming, semantic relations,
hearing comprehension, reading and so on.

III.

This section first presents scores on the aphasia
assessment and then scores on the satisfaction questionnaire

RESULTS

A. Aphasia assessment

For each patient, we calculated the difference between
score before and after each treatment in AQ as well as in
each of the four subsets scores of the WAB. Differences
were then averaged across participants, separately for the TR
mode and FtF mode. Figure 1 presents the percent of
improvement following treatment in both AQ and in the four
WAB sub-scores.

As can be seen in Figure 1, there was improvement in all
skills in both modes of treatment. A paired t-test that
examined improvement in both modes of treatment showed
no significant differences on any of the assessment subsets
(speech, auditory comprehension, repetition, naming). The
difference between improvement in AQ following TR and
following FtF was significant (t (pp=7)= 2.606, p = 0.035) (see
also Table 2). It should be noted that the AQ score is
combined of the other four sub-scores, and thus, the
difference in AQ was stronger than the differences in each
subtest.

In order to further estimate the effect of treatment mode
(TR vs. FtF) and treatment order (1st vs. 2nd), we used linear
regression model for panel data, with person as a subject

(panel) and period and treatment mode as factors
(covariates).
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Figure 1. Improvement in language skills, by treatment mode
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TABLE IL MEﬁglgg Iég‘;?éﬁ%éﬁl) ASN]%)P?EI;;%SSESSMENT SCORES BY mean delta=10.2 (SD 3.51) and Group 2mean
’ delta=7.35 (SD. 6.09), t  =0.81, p=0.45. Therefore,
Paired t-test Regression there was no significant difference between the two
Scale Effect | Effect | t* p- Period Mode groups in the carry over effect. That is, in both groups,
of TR | of FtF | (df=7) | value | effect effect improvement between testing times was similar and the
Mean | Mean (SD, (SD, order of treatment mode had no effect on scores on the
(SD) (SD) p-value) p-value) .
AQ 651 321 76 004 167 33 aphasia test battery.
2.82 2.59 SD=1.02, SD=1.02, : . . :
(282) | 259 ;:0. D :):0.001) B.  Satisfaction questionnaires
Speech 0.25 0.87 072 | 049 | -1.37 0.62 In this section, we present participants' answers on
(249) | (1.24) (SD=0.75, | (SD=0.75, the satisfaction questionnaires, as provided at the end of
T Y 555 596 5 ?022503) 8:309-33) each 14-session treatment series (at the end of either the
comprehension | . : : : : : TR tor the FtF treatment). We also present the answers
(0.73) (0.83) (SD=0.35, | (SD=0.35, .
p=0.19) p=0.26) that were provided at the end of both treatments
Repetition | 8.37 375 155 1016 1087 462 regarding the comparison between the two modes, as
(10.42) | (13.08) (SD=2.78, | (SD=2.78, collected a month and a half after the end of the second
p=0.75) P=06~096) treatment.
Namin 0.57 0.21 0.9 0.39 -0.24 0.3 : :
g 063 | 069 (SD=030, | (SD=0.30, 1) Satisfaction from each treatment mode
p:043) p2023) Separately

* t-test compared improvement in TR to improvement in FtF. Df = degrees of freedom

Table 2 presents the regression analyses (effect and SD
of mode and period and the p-value). As can be seen in Table
2 there was no effect of treatment order for most of the sub-
scores, except for the Speech subtest which had significant
order effect (that is, there was greater improvement after the
first treatment than after the second one). The regression
showed significant effect of treatment mode for the AQ score
only, as did the t-test analysis.

In sum, TR led to a greater improvement in AQ than did
FtF therapy. Improvement in scores on the Speech subtest
were higher following the first treatment session series than
following the second session series, regardless of treatment
mode.

Next, we examined whether the order of treatment
affected the carry over between the two treatments. A paired
t-test analysis compared the total change in AQ scores
between the two groups. That is, we computed the difference
(delta) in AQ scores between the 4™ and the 1% assessments
for each group separately (Group 1: TR then FtF; Group 2:
FtF and then TR) and then compared those deltas. This test is
based on an assumption of no interaction between period and
treatment mode. Any possible interactions were examined
through an analysis of variance (ANOVA) with period and
mode as factors, which resulted in these p-values for the AQ
score: period p=0.25, mode p=0.034 and interaction
period*mode p=0.97. The t-test analysis showed no
significant difference in deltas between groups: Group 1
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Overall, the participants showed similarly high
satisfaction from both treatment modes. They felt that
each treatment was as simple to understand, as comfortable,
as available, as interesting, and as helpful as the other.

a) Satisfaction regarding common questions for TR
and FtF

For each of the 13 common questions, we estimated
agreement between answers for TR and FtF using Kappa
statistics (that is, testing the relation between the observed
agreement and the expected agreement according to the
given distribution of answers). We analyzed cases of
disagreement between satisfaction ratings using exact
generalized McNemar statistic. This test analyzes each pair
of symmetrical cells and compares the observed distribution
with a uniform (50%-50%) distribution. No result was
significant (as might be expected because of the small
sample size). Table 3 presents the distribution of answers to
the satisfaction questionnaire in each treatment mode, as well
as the agreement between treatment modes (in percent),
Kappa score, and p-value.

As can be seen in Table 3, there was high agreement
between ratings of the two treatments, with 5 out of 13
questions receiving the same ratings by all participants
(Agreement=100%), and the remaining questions receiving
highly similar ratings.
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TABLE III. DISTRIBUTION OF ANSWERS TO SATISFACTION QUESTIONNAIRE IN EACH TREATMENT MODE, AGREEMENT BETWEEN TREATMENTS, AND
KAPPA SCORES
No. Question Mode Grades (n) ** % Agreement Kappa (p*)
7| 2 3 4
1 I would recommend this treatment to someone else TR 0 0 0 8 100% -
FtF 0] 0 0 8
2 I felt uncomfortable during treatment TR 8| 0 0 0 100% -
FtF 81 0 0 0
3 The treatment was too complicated TR 71 0 1 0 37.5% 0.0 (0.5}
FtF 3] 2 3 0
4 I would like to participate in this treatment again TR 0o 0 0 8 100% -
FtF 0] 0 0 8
5 The treatment was interesting TR 0| O 0 8 87.5% 0.0 (-)
FtF 0] 0 1 7
6 The treatment was stressful TR 81 O 0 0 75% 0(-)
FtF 6| 0 2 0
7 I was satisfied with the quality of the pictures TR 0 0 1 7 75% -0.14 (0.66)
FtF 0] 0 1 7
8 There was a change in my speech after treatment TR 0l 1 3 4 75% 0.54 (0.03)
FtF 0] 0 3 5
9 The quality of speech therapy was TR 0 0 4 4 50% 0.2 (0.16)
(choose from options) FtF 0| 2 1 5
10 The clinician helped me TR 0| O 1 7 75% 0.38 (0.08)
FtF 0] 0 3 5
11 The treatment met my expectations TR 0o 0 7 1 100% 1 (0.002)
FtF 0] 0 7 1
12 The interaction with the clinician was TR 0 O 8 0 100% -
(choose from options) FtF 0| O 8 0
13 The availability of treatment was TR 0| O 0 8 75% 0.0 (-)
(choose from options) FtF 0| O 1 7

*#1=Not at all / poor, 2=Low / Adequate, 3=Medium / Good, 4=High / Excellent

A One tailed: Agreement higher than expected

b) Satisfaction regarding TR treatment

Table 4 presents the distribution of answers that
participants gave on the five questions that addressed the TR
alone.

As can be seen in Table 4, most responses indicated high
satisfaction from TR. Participants reported no difficulty in
learning how to use the TR system, they felt that the TR
system was easy to use, and they were satisfied with the
quality of the materials.

2) Comparing satisfaction between treatment modes

Next, we analyzed responses on the satisfaction
questionnaire filled a month and a half after the end of
second treatment. Figure 2 presents participants' preferences
of either on of the treatments or answers that indicated no
preference.

TABLE IV. NUMBER OF PARTICIPANTS WHO ENDORSED SPECIFIC
ANSWERS ON TR SATISFACTION QUESTIONS
Question High Medium Low Not at
all
Easy to use 4 2 1 1
Learning how to 2 1 1 4
use is effortful
Need technical 1 0 3 4
assistance
Most people will 7 1 0 0
learn easily
Excellent Good Adequate Poor
Audio quality 5 3 0 0
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The overall agreement and asymmetry tests between the
two modes showed 68.4% agreement with Kappa=0.193
(p=0.0095) and asymmetry of 29 vs. 14 (p=0.03).

As can be seen in Figure 2, for most statements (93/136)
participants had no preference for either treatment (chose
"both" or "neither"). For example, for statements such as
"There was more frustration in the treatment" all participants
chose "neither" or "both", and for statements such as "I will
recommend to people in my condition to participate in this
kind of treatment", most participants chose "both".

When showing a preference for one treatment over
another, FtF was more favorable (29/136) than TR (14/136).

Both mMNeither

mFtF mTR

58%

Figure 2. Comparing satisfaction between treatment modes
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For example, when asked to rate statements such as "I
was satisfied from the interaction with the clinician", and "I
advanced more through treatment", more participants chose
FtF than TR. When asked to rate a statement such as "I was
satisfied with the treatment availability", more participants
chose TR than FtF. When examining the content of the
statements on which no agreement was found, we saw that
most of these statements revolved around the interaction with
the clinician. In those statements participants preferred FtF
over TR.

In sum, when examining satisfaction levels, participants
had no preference of one mode over another, except when
asked about the interaction with the clinician, which they
rated as more favorable in the FtF mode.

IV.  CONCLUSION AND FUTURE WORK

The current study sought to explore whether speech and
language therapy delivered via telerehabilitation had similar
effects as did conventional face-to-face therapy. The effect
of therapy was examined by using objective scores obtained
from a formal assessment of aphasia, as well as by collecting
subjective satisfaction data.

Overall, the results show that the delivery of speech and
language therapy via telerehabilitation at home yields at least
the same results as similar therapy delivered in the clinic.
The results of the present study add to former reports about
the reliability of the assessment of speech and language
difficulties [4][6][10]. In addition, the results suggest that the
technology is not only suitable for assessment but that it is
also effective when used for therapy. Theses results are
similar to several earlier reports that found that TR was
effective in treating people with voice disorders [8][12]. The
novel contribution of the current study is that it shows for the
first time the beneficial effects of TR in the treatment of
aphasia.

It is important to note that TR resulted in higher general
aphasia scores relative to FtF treatment. It could be the case
that the technological novelty of the TR added both to the
participant's motivation and to the therapist's motivation. As
for the subjective report, we found that participants were
satisfied from both modes of treatment. However, when
asked to choose between the two modes, participants showed
a preference toward the FtF mode, mainly in reference to
questions that addressed personal contact with the clinician.
As in an earlier report [3], participants were generally
satisfied with TR with regards to audiovisual quality, and
ease of use, yet some individuals may still require help in
solving technical problems during TR sessions at home.

Despite of the small sample in the present study, we
believe that our results are promising. They add evidence
regarding the efficiency of TR and thus make it possible to
offer such treatment either alone or in combination with FtF
therapy to people suffering from aphasia. TR expands the
accessibility of speech and language therapy to this
population, overcoming obstacles such as lack of rural
services, geographical distance, transportation difficulties, or
lack of mobility.

Although the results of the present study are encouraging,
future research is still needed to investigate the effect of TR
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in diverse populations in terms of the nature and severity of
the speech and language disorders.
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Abstract—In this paper we present TAM-TAM (Tele Assistance
and Monitoring), a tool devised to provide assistive and intuitive
videoconferencing. It can be used to provide social support,
remote consultation, remote monitoring and training or
rehabilitation group sessions through multi-user
videoconferencing. TAM-TAM relies on a simple and minimalist
interface based on accessible standard web technologies and open
video streaming solutions. We also describe our progress for
bringing TAM-TAM mobile, targeting Android and iOS tablet
PCs and mobile market.

Keywords—videoconferencing; teleconsultation; social care;
nursing home; group home; elderly.

L INTRODUCTION

The accelerating pace of the world’s population aging is
remarkably changing the demographic distribution of
population, as predicted by the last International Population
Report issued by the U.S. National Institute on Aging [1],
which foresees that the global population aged 65 and over
(about 7 percent of the world’s population in 2008) will rise to
14 percent of the total by 2040. In Europe, the number of
Europeans aged over 65 will increase by 52.3% from 2005 to
2030, with more than 100 million people older than 80 years by
2020 [2].

The ageing of the population together with changes in
lifestyle become two key factors in the growing prevalence of
chronic disorders [3], which put in risk the current healthcare
system since it is more focused on the treatment of acute
diseases. In 2002, the World Health Organization (WHO)
launched the Innovative Care for Chronic Conditions (ICCC)
initiative, which formulated the basic principles and strategies
to improve the management of chronic patients: disease
prevention, an increasing implication of the patient and
relatives in the management of the disease and a joint work
between primary, secondary care and all the actors involved in
healthcare.

In this context, there is a need for technological tools that
help to deploy this integrated care for chronic patients, who are
mainly composed by the elderly, impaired and long-term care
patients. Hence, videoconferencing postulates as a very
powerful technology to enhance social support, loneliness and
depressive status of those collectives [4].

However, there is still a lack of intuitive applications for
those collectives. According to [5], Internet technologies would
be more used if they were better adapted to the elderly. On the
other hand, the main reasons adduced by non-cybernauts for
not using the Internet are the difficulty (71%) and the effort
required for learning how to use it (60%). Among the proposals
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for improving the usage of Internet technologies, price and
simple interfaces are considered to be prominent.

In this paper we present TAM-TAM (Tele Assistance
Monitoring), a tool that offers an intuitive interface for the
elderly, impaired and long-term care people as well as for
health professionals to provide social support, remote
consultation, remote monitoring and training and rehabilitation
group sessions through multi-user videoconferencing.

II.  RELATED WORK

Although there are several initiatives and projects dealing
with devices and applications devised for the aforementioned
collectives, whenever a hardware device is needed but not
produced in mass, it results in a relevant increase of the cost of
the system, which is not affordable by public health systems.
That’s why TAM-TAM focuses on standard hardware such as
PCs and tablet PCs, as discussed in subsequent sections. Some
related projects do not include videoconferencing functionality
(ALZ-AVANZA project [6]), they rely on the use of a specific
set top box connected to a TV display (ATTENTIANET
project [7) or they have built their specific tactile hardware and
specific software (Colabor@ project [8]).

On the other hand, there is also a wide range of
videoconferencing applications, either open or proprietary that
could be adopted for being integrated in a new application. In
general, videoconferencing solutions can be classified into two
types: dedicate systems and desktop systems.

Dedicate systems consist of an integrated equipment
including all the interfaces with external devices (i.e. camera,
microphone, speakers, display) and a hardware or software
codec for the audiovisual digital transmission. Some examples
of manufacturers are Sony, Tandberg, Polycom and Cisco,
amongst others. These systems are, in general, expensive and
rely on specific proprietary hardware. Moreover, changes in
their interfaces are not easy to implement.

Desktop systems are applications that can be installed or
run on a computer and are very diverse in nature and number.
Some relevant free tools include Ekko, TokBox and Vawkr,
which can be easily embedded in a web site or as part of
another application. However, they lack some functionality
such as recording conferences or sharing documents, and they
are not open source, so they cannot be freely modified or
improved to be adapted to specific medico social environments
(see section III.A). Among payment solutions it is worth
mentioning Adobe Acrobat Connect Pro and ViewCat, both
flash-based, and Skype, which currently supports
videoconferencing in iOS (4.0 or above) and a subset of
Android (2.1 or above) devices. Regarding open source
solutions, the most relevant is OpenMeetings, a flash-based
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tool that includes shared desktop, blackboard, and multi
videoconferencing. However, the complexity of the application
odds with the goal of providing a very intuitive interface and
makes it difficult to run it on tablet PCs.

Finally, we need not forget about HTMLS, a recent
standard that could be used in the next future for developing
videoconferencing solutions. Currently, the specifications and
implementations of HTMLS5 in different browsers support the
rendering of video streams in the same browser without the
need of external plugins. The main unsolved issue is the access
to the local camera for streaming the video, although some lab
experiments have already proven its feasibility [9].

III. REQUIREMENTS AND FUNCTIONALITY

A.  System Requirements

TAM-TAM has been developed in the context of a working
group lead by the BCDS research group [10] in coordination
with the Social Services Cohesion Board depending of the
Girona’s Council. This working group, called “ICT,
socialization and active ageing” explores and promotes new
efficient ways for supporting the elderly, dependent and
impaired people through the use of ICT technologies. This
collaboration relies in the collection of the requirements from
end users but also in testing with real users in a real
environment, which includes nursing and group homes as well
as particular homes involving the target collectives.

Five scenarios have been identified for the provision of
videoconferencing services in medico social environments.

1) Rendezvous: Given an appointment, the patient accesses
the application and waits until the professional is ready to
assist them. Only when the professional is ready, the
videoconference is started. This is the typical operation in real
life, where patients wait for the doctor to be available for the
consultation. The professional constantly monitors waiting
patients and selects who is to be attended next.

2)  Remote camera control: The patient is contacted by a
professional or call center. This scenario is foreseen for cases
where alarms are involved, where the patient’s impairment is a
barrier to use technology or when an intensive monitoring is
needed. Since the videoconference is not started by the patient,
it involves privacy issues that should be formalized in an
agreement with the patient or their family.

3) Call center: The patient contacts an intermediary,
which redirects them to the appropriate professional if needed.
Here the patient may or may not have an appointment with the
professional. The call center may act as the receptionist of the
professional or as an integrated service that can be used to
manage emergency calls and filter user requests according to
the criteria of an intermediate health or social professional.

4) Single videoconferencing: This is the typical scenario
present in most of videoconferencing tools. A user has a set of
contacts with which they are able to interact as long as they
are all connected at the same time. This set of contacts may be
static (not modifiable by the user) or dynamic (modifiable)
depending on the requirements of the application and the skills
of the target user.
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5)  Multi videoconferencing: This scenario is foreseen to
enable the practice of training or rehabilitation group sessions
for patients (e.g. occupational therapy), improving the feeling
of belonging to a group of people with similar problems and
concerns. Moreover it is also useful for holding medical or
training sessions among professionals and/or the members of
the patient’s support group, as their familiars and carers.

B.  System Functionality

Current main functionalities present in TAM-TAM are
described in detail next.

Videoconferencing. It is the central element in TAM-TAM,
as it is needed for providing telemonitoring and teleassistance
health and social services. Videoconferencing has proved to be
very useful both from the medical and social perspective. On
one hand, from the medical point of view, it enables a closer
monitoring of the patients while improving their compliance to
the prescribed treatment or therapy [11]. On the other hand,
from the social perspective, it alleviates the patients’ loneliness
and depressive status and improves their emotional and social
support thanks to their interaction with their families, social
carers or psychologists [4]. TAM-TAM currently supports
scenarios 1, 2, 4 and 5 from those identified in section III.A, all
of which rely on the same core. This fact proves how versatile
the system can be by adapting the front-end operation and
interface. The video quality can be dynamically tuned to fit the
available bandwidth and avoid delays in the transmission.

Calendar, messages and notifications. A relevant feature in
some environments is the presence of a reminder mechanism
for activities or actions that need to be carried out punctually or
periodically, such as drug administration, exercises to be
carried out, medical appointments (physical or by
videoconference). TAM-TAM offers different interfaces for
that purpose. First, it provides a calendar-like interface for
editing and consulting any activity or action that is linked to a
certain date, time and periodicity, what we call a notification.
Each notification can be configured with an urgency degree
(low, medium and high), which determines whether it will
trigger a visible warning when the user accesses TAM-TAM or
whether it will be kept in the calendar with no visible warning.
Then, we also provide a mailbox-like interface for enabling
users to send customized messages to any other user associated
to them. Calendars become a very powerful tool when people
belong to nursing or group homes, which are monitored by
specific associations, as they can be used to manage the
patient’s agenda from the association itself. Edition interfaces
can be configured to be accessible to all or part of the
application users, depending on their profile and skills.

Instant messaging and chat. These features introduce a
higher complexity in the use of telemonitoring and
teleassistance applications, since they need a direct interaction
of users with physical or tactile and virtual keyboards, which
might be something not affordable when dealing with some
types of patients. However, in some occasions when the
audiovisual interaction between two parties becomes not
feasible due to temporal bandwidth constraints, it may act as a
backup means of communication. Moreover, for users that do
not have difficulty in using technology, this may act as an
added value to establish and maintain a less formal
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communication with other users. Therefore, TAM-TAM can be
configured to provide instant messaging and chat
functionalities depending on the user profile.

User authentication. Since user authentication needs to be
kept as simple as possible, a user and password approach has
been adopted, offering the possibility to remind them for future
accesses. In tablet PCs or if the user device is to be used by a
single patient, authentication can be highly simplified by
following an initial setup that bundles the application to the
user.

User contacts. TAM-TAM enables bundling a set of
predefined contacts to a user by the system administrator as
well as adding new users by sending invitations. The user’s
contact list is available to determine whether a user is
connected so that a communication can be started.

IV. ARCHITECTURE
A. Architecture

TAM-TAM consists of two main parts: the portal or front-
end, and the server or back-end, as depicted in Fig.1.

The front-end is the application that users access, either
from their web browsers or as an installed application. It offers
the interface for the whole system functionality, i.e.
videoconferencing, calendar, messages and notifications,
instant messaging and chat, authentication, user contacts, etc.

The back-end is composed of the modules that obtain and
manage the information stored in the system’s databases.
TAM-TAM currently uses two different relational databases,
one for users, contacts and profiles and a different database for
managing the calendar, messages and notifications. Regarding
the modules, they provide the intelligence for the
functionalities offered by TAM-TAM and the interfaces with
the corresponding databases. For example, there is a module
responsible for managing notifications, messages and the user’s
calendar. This module is implemented as a web service that
offers the functions to store create new events, messages and
notifications as well as to consult them for a specific user. The
front-end makes use of those functions whenever a new

/—TAM-TAM servers (back end)ﬁ

notification is to be created or when a user logs into the system
to consult any pending urgent notification. There is also a
module dealing with videoconferencing, which receives all the
audio and video streams and forwards them to those users that
belong to the same audiovisual single or multi
videoconferencing. This module is a servlet running on the
multimedia server. Fig. 2 identifies the technologies being used
in TAM-TAM, described in subsequent sections.

B. Client Technology

TAM-TAM client technology is based on the Adobe Flash
and Adobe AIR technologies. While the first is used for
generating a Rich Internet Application (RIA) to be run on a
web browser, the latter is used to build native applications for
mobile and tablet devices (see section V).

RIA technologies offer in the web browser some features of
traditional desktop applications, while making the update
process transparent for the user, avoiding the reload of web
pages and offering capabilities for designing intuitive
interfaces.

Among the available frameworks used for the development
of RIAs, JavaFX, Microsoft Silverlight, AJAX, Google Web
Toolkit and Adobe Flash are the most relevant and adopted.
Adobe Flash was chosen for TAM-TAM, since it enables the
development of web applications in a simple manner by means
of the Adobe Flex framework. Adobe Flex is an open source
compiler and SDK based on two underlying programming
languages: MXML and ActionScript (AS). While the first is
used for easing the design of user interfaces, which can be
based on Cascading Style Sheets (CSS), the latter offers an API
that can be used for achieving interactivity and, in our case, for
integrating audio and video conferencing in a simple way. AS
is an open source object-oriented language that can be
compiled into a SWF file to be run on the Adobe Flash Player.

The control of multimedia flows in Flex is achieved by
using the NetConnection and NetStream classes offered by the
AS API to create a RTMP connection to the media server and
stream an audio and video transmission over that connection.
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Moreover, the possibility of invoking web services from the
AS language simplifies the extension of current functionalities
and its integration with external services. This has been the
approach followed to generate and consult calendar events,
notifications and messages, implemented as a PHP web
service. The same approach will be used to consult and modify
the patient’s electronic health record, presumably stored in
remote Hospital Information Systems.

C. Server Technology

The multimedia server architecture is based on Red5 [12],
an open source Flash server written in Java and hosted on
Google Code. Red5 supports the delivery of multimedia
content through the RTMP, RTMPT and RTMPS protocols,
whose specification is open for the public use.

The fact that Red5 is an open source project eases the
modification of the server and enables the development of
cheaper and open solutions with respect to other proprietary
server alternatives as Adobe Flash Media Server and Wowza.

Red5 contains an HTTP and application server that can host
a custom-made servlet managing the multimedia streams and
generating specific events for the connected clients to notify
any change produced in the shared objects.

On the other hand, the server part also consists of an AMP
server, which combines an Apache web server, a MySQL
database server and PHP. Whereas the web server hosts the
Flash web application, the MySQL database server is needed
for the different databases regarding users, contacts and
profiles and the calendar, messages and notifications.

Finally, it is important to remark that both Red5 and AMP
servers are available for GNU/Linux, Windows and Mac OS X
operating systems, which eases the deployment of TAM-TAM
in different production environments.

V. TOWARDS MOBILE VIDEOCONFERENCING

In the last years, with the increasing development of the
tablet PC market, very few companies or initiatives have taken
benefit of the new capabilities provided by those devices for
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developing videoconferencing applications other than video
calls [13][14]. Tablet PCs have long-lasting batteries and
capacitive screens that ease their use with respect to PCs and
portable PCs. They can be easily transported and charged,
sustained and connected to external displays by using docks.
Main operating systems running on tablet PCs are iOS,
Android and Windows 7, being Android the most adopted in
mobile devices and tablet PCs other that the Apple iPhone and
iPad.

Next, we describe the progress for bringing TAM-TAM
mobile in different operating systems in the mobile context.
Since TAM-TAM is to be run on the Adobe Flash Player, any
operating system (OS) or device supporting Flash will be
suitable for running the client application, as long as it has a
microphone, a front webcam and a fixed, Wi-Fi or mobile
Internet access.

Currently, the use of Adobe Flash technology enables the
development of applications to be run on the browser targeting
a very large part of the market, excluding iOS and some old
versions of the most common OSs. In order to be run on the
browser, Adobe has specific versions of the Flash Player for
different OSs and browsers [15].

From our experience and tests, Flash-based
videoconferencing performs well on all Windows, Linux and
Mac OS X PCs, tablets and/or mobiles, but it still has some
limitations when running on Android and is not compatible
with i0S.

When an Adobe Flash (version 10.3 or higher) application
is run in the browser on an Android 3.0 (Honeycomb) device,
the execution sandbox does not allow it to access the local
camera for streaming the local video and audio. While in other
operating systems the Flash player asks the user for permission
to get access to the local camera, in Android this feature is
disabled, thus preventing the user to send his own video stream.
This issue will presumably not be solved in future releases
since Adobe has recently announced that the Adobe Flash
player plugin for mobile browsers will not be continued.
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Fig. 4. TAM-TAM “Multi videoconferencing” operation mode screenshot

The solution to deal with the aforementioned limitations
relies on the use of the Adobe AIR middleware, which enables
to build standalone Flash-based client applications that are run
like native applications. Adobe AIR is available for different
operating systems, including Android and iOS. Whenever
installing an AIR-based application in iOS or Android, if
Adobe AIR is not installed or embedded into the application,
the user will be required to do so. When developing AIR
applications for Android, a manifest file needs to be configured
for stating which are the local resources the application will
have access to, such as the camera, microphone, contacts, etc.
This step is not required for iOS applications, since
applications are trusted. Whenever the user installs the AIR-
based Android-enabled application, they will be asked to
accept the security permissions required by the application,
which, from that moment, will be capable of accessing those
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resources without any further explicit authorization. Our
experience and findings using Adobe AIR shows that current
release (AIR 3.0) fully supports the access to the front camera
in Android 3.0 or higher, which was not possible on previous
releases. On the other hand, Adobe AIR is perfectly suitable for
flash-based i0S videoconferencing.

A reduced version of TAM-TAM has been successfully
tested as a standalone application on three tablet PCs: Acer
Iconia A500 (Android 3.0), Acer Iconia W500 (Windows 7)
and Apple iPad (i0S).

VI. INTUITIVE VIDEOCONFERENCING

Making videoconferencing intuitive is one of the major
goals when designing medical and social applications, since
they need to deal with a large diversity of users and different
degrees of technology knowledge. For that purpose, TAM-

28



eTELEMED 2012 : The Fourth International Conference on eHealth, Telemedicine, and Social Medicine

TAM has been designed to be intuitive, as in the operation
modes illustrated in Fig. 3 and Fig. 4, which present different
views of the rendezvous and multi videoconferencing modes
implemented in TAM-TAM.

In the rendezvous operation mode, the role of the user
determines the presentation and functionality being displayed
to the user. On one hand, the professional has the full control
over the system, since he is responsible for selecting the user to
be attended from a patient’s queue, controlling the video
quality whenever needed and pausing or ending the
consultation. The videoconference is started, paused and
finalized according to the professional’s decisions. On the other
hand, the patient just logs into the application and waits for the
professional, which will conduct the teleconsultation. When the
videoconference is not active the user views notification
messages like “Your doctor is online, please wait to be
attended”, “Your doctor is currently busy, please wait to be
attended” and “Your consultation has been finalized”.

In the multi videoconferencing mode, a group of users
belonging to the same group interact with each other. When
logged, they all can see who else in the group is already
available and start videoconferencing by just a single click on
the user’s name or picture.

Regarding authentication, when running TAM-TAM in a
browser, login information can be saved for further accesses.
Additionally, when dealing with tablets, the application can
operate in the same manner or even be individually bundled to
a single user.

This simple user interfaces ease very much interaction for
people for which technology may be an impairment. Moreover,
when using tablets or mobile devices, the possibility to access
videoconferencing applications by just a single touch on the
screen makes the difference with respect to other type of
devices.

VII. CONCLUSIONS AND FUTURE WORK

We have presented TAM-TAM functionalities, architecture
and underlying technology. TAM-TAM uses the Adobe Flex
framework, which enables the design of usable interfaces and
provides videoconferencing support, while opening the door to
the development of portable health applications on iOS and
Android mobile phones and tablet PCs.

The multi videoconferencing and rendezvous operation
modes of TAM-TAM are accessible for demonstration at [16],
where additional videos and resources can be also found.

Currently, we have started small-scale tests with selected
users who are running standard PCs in their homes. Next step
will include the usage of tablet PCs. This work is being done in
the context of the “ICT, socialization and active ageing”
working group depending on the Girona’s Council. The results
are being taken into account for improving the usability of the
TAM-TAM application. Additional clinical assessment as well
as non-functional tests and measurements need to be carried
out, including the cost-effectiveness assessment,
videoconferencing performance, delay, scalability and jitter
depending on the type of connectivity (WiFi, mobile, etc.).
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Other relevant features that will be adopted in the future
include audio and video recording, to take pictures of the
patient’s aspect or some types of lesions and to adopt more
secure authentication mechanisms, mainly when dealing with
health professionals, through the use of X.509 digital
certificates. Moreover, we also foresee the integration of TAM-
TAM with Hospital Information Systems, so that health
professionals have access to the patient’s electronic health
record.
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Abstract—It is  hypothesized that telemedicine
applications can make rehabilitation care more effective
and efficient. Besides the demonstrated potential of
image/audio-based technology, it is expected that
telemedicine applications, which use biomedical and ICT
technology, to support physical and cognitive behavioral
rehabilitation at home or daily life style management,
both under remote supervision of professionals, are
considered very promising. Compared to traditional
rehabilitation methods, these telemedicine applications
enable the patient to receive more intensive treatment at
moments they prefer, or when care/coaching is needed,
instead of when scheduled. In addition they also have the
advantage that no translation of the learned skills to
everyday life is needed. However, these telemedicine
applications are often too much technology driven and
insufficiently guided by the need of end users and the
added value of these applications is still insufficiently
known as a proper evaluation methodology is scarcely
applied and large studies are lacking. This paper
addresses these two aspects by describing a concept for
development of end wuser driven telemedicine
applications followed by an evaluation methodology that
enables us to show the added value when applied in
every day care. This is illustrated for telemedicine
applications that focus on physical rehabilitation of
patients with a chronic disease who are experiencing
problems with physical functioning. Based on the results
available so far, it can be concluded that these
telemedicine applications are well accepted by patients
and are at least as effective as traditional care.
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l. INTRODUCTION

Both the European and American population is aging.
With regard to The Netherlands, it is expected that the
number of people aged over 65 years will increase to about
24% of the total population by 2050. Besides the increase in
the proportion of elderly in the population there is also an
increase in the number of people suffering from one or more
chronic illnesses. Currently in The Netherlands, 1 of 4
people suffers from a chronic disease and it is expected that
this number will rise sharply in the coming years. Since
both the elderly and those with chronic diseases have higher
care consumption this increase means a surge in pressure on
our healthcare system.

Treatment of chronic diseases focuses on the relief of
symptoms and related complaints as well as on increasing
self-management by patients; this with the overall aim of
increasing quality of life and level of participation in
society. There are various treatments for patients with
chronic disorders: such as drug treatments but also non-
pharmaceutical treatments, like physiotherapy and
multidisciplinary treatments are becoming increasingly
important. It is however not realistic to continue these
treatments in the way they are currently provided. This is
due not only to the growing number of people in need of
such care, but also due to the decline in labor capacity and
the rise in costs that the care system is facing. In addition,
our current way of care provision is strongly geared towards
professional guidance with the patient not sufficiently in the
driver’s seat.

Prompted by these trends, but also facilitated by the new
possibilities of technology, it is expected that telemedicine
can contribute to more cost-effective patient centred care.
This style of care provision is considered of utmost
importance for our current and future care.

According to the Dutch Technical Appointment (NTA)
telemedicine is defined as a process in healthcare,
characterized at least by the following two features (NTA
8028; [1])
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e Distance is bridged by using Information and
Communication Technology (ICT)

e  There are at least two actors involved, at least one of
them is an approved care professional or acts on behalf of an
approved care professional

The use of ICT in healthcare is a relatively recent
development. In 1906, the Dutch physiologist Willem
Einthoven transmitted Electrocardiograph (ECG) signals
over telephone lines. He investigated ECG signals from
patients in the Hospital from his laboratory located 1.5 km
away. However, this was for research purposes only [2].
Medical care on a distance started in the 1920s when
physicians were linked by radio to ships at sea to assist in
medical emergencies [3]. Nowadays a Google search using
the term ‘ICT and healthcare’ results in about 16.820.000
hits.

One of the areas in healthcare where telemedicine
applications are considered to be of potential is the
rehabilitation that merely aims at supporting patients in
acquiring and maintaining an active lifestyle. Recently, the
first systematic reviews related to telemedicine in this field
have been conducted. Kairy et al. [4] performed a
systematic review on clinical outcomes, clinical processes,
such as attendance and compliance, healthcare utilization
and costs associated with tele-rehabilitation for individuals
with physical disabilities. They included 28 papers,
published between 1993 and 2006, that used an
experimental or observational study design. They concluded
that tele-rehabilitation can lead to similar clinical outcomes
compared to traditional rehabilitation programs, with
possible positive impacts on some areas of healthcare
utilization. However, the majority of the reviewed papers
concerned technology that focused on image/audio-based
technology. Other more advanced technologies such as
sensor based technology and virtual environments, are
hardly considered. LaPlante and Peng [5] published a
systematic review in 2011 that included 31 articles which
they analyzed in terms of study design quality, intervention
characteristics and support for e-health in physical activity
interventions. This review demonstrated that it is
increasingly common to use various e-health technologies to
address physical activity, but they also concluded that it is
impossible at this moment to give definitive evidence for the
effectiveness of e-health technologies as insufficient
systematic and proper evaluation studies have been
performed. In addition, a recent review [6] concluded that
there is even less evidence regarding the costs or cost-
effectiveness of telemedicine applications, as well as the
fact that there is insufficient evidence of the added value.
The fact that telemedicine applications are still too
technology driven and insufficiently guided by the needs of
end users is also considered to hamper implementation and
successful uptake of telemedicine applications by its
stakeholders, including healthcare institutes, health
professionals and health insurance companies [7].
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This paper focuses on these two aspects, a concept for
development of end user driven telemedicine applications
and an evaluation methodology which enables us to show
the added value of telemedicine when applied in every day
care. This is illustrated by reference to telemedicine
applications which focus on physical rehabilitation of
patients with chronic disease who are experiencing
problems with physical functioning. Firstly, the
telemedicine applications will be addressed by describing
the overall concept as well as some examples for physical
rehabilitation. Subsequently an evaluation 