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gUEst Editorial

In this special issue of the Journal of CyberTherapy and Reha-
bilitation, you will find several papers that were selected from
the more than one hundred submissions received by the Scien-
tific Committee for the International Symposium on Neurore-
habilitation.

Seeing the need to strengthen the collaboration between tech-
nical and health related disciplines, the International Sympo-
sium on Neurorehabilitation: from Basics to Future was held
in Valencia, Spain on October 15-16, 2009. The main purpose
of the Symposium was to bring together engineers, researchers
and health care professionals to share ideas and experiences
with the aim of creating a “common language” that will help
to increase the efficacy of the neurorehabilitation process and
to improve the quality of life of patients. World-renowned re-
searchers in cognitive and motor rehabilitation, virtual reality,
telerehabilitation, brain-machine interfaces, patient assessment,
behavioral science, neuroplasticity, neuroimaging, neurophar-
macology and rehabilitation robotics updated participants on
the current state of their respective research areas during the
Symposium. Similarly, more than 350 delegates from around
the world participated in this event and provided examples of
their current work.

In the coming years, the incidence of diseases and afflictions
with a neurological origin will increase to–what some have ven-
tured to call–epidemic proportions. Among the main reasons be-
hind this “coming epidemic” is the shift that the world’s
population will experience, according to several forecasts, to-
wards an increasingly older population as a result of improve-
ments in medicine and standards of living. According to the
United Nations, more than 20 percent of the world’s population
will be over 60 years old by the year 2050, more than doubling
the current size of this population segment. This shift towards
an older population will not be limited to the developed world;
most of the developing world will experience a similar popula-
tion shift in the coming decades. Unfortunately, an aging popu-
lation increases exponentially the risk of suffering from
afflictions affecting the central nervous system, which could lead
to a lower quality of life for these individuals, or even death.
Among these afflictions one can find multiple sclerosis, Parkin-
son’s disease, Alzheimer’s disease, stroke, among many others.
Recent advances in neurorehabilitation, the specialized and

interdisciplinary treatment of individuals suffering from neu-
rological afflictions, can prove to be extremely important to
ameliorate the suffering experienced by these individuals and
to help them to return to a normal life. At the same time, we
are seeing the increasing importance of technology in our
everyday lives. As a result, technology is also playing an im-
portant role in the improvement of neurorehabilitation, and
we feel that its importance will only increase over time. Ap-
plying technology to the neurorehabilitation process can not
only assist us in obtaining more precise diagnostics and in
improving the flow of information between health care pro-
fessionals but it can also help us to develop more effective
and efficient rehabilitation-specific clinical pathways. Simi-
larly, the increasing bandwidth capacity of our telecommuni-
cation networks could bring hope to individuals that do not
have access to rehabilitation facilities by making possible the
implementation of telerehabilitation-based treatments. Fur-
thermore, the increasing importance of assistive technology
and orthetics also shows how technology can have a great im-
pact on the quality of life of our patients long after the reha-
bilitation process has finalized.

In this symposium, several sessions have been centered in
virtual rehabilitation and related fields. Virtual Rehabilita-
tion is a recent scientific and technological area that inves-
tigates the use of interactive graphics technologies and
telecommunications to provide rehabilitation and clinical
services in a more effective and efficient way. It is a multi-
disciplinary field that combines technologies such as virtual
reality, augmented reality, bioelectronics, medical imaging,
ambient intelligence, natural man-machine interfaces, all
aimed at achieving better therapies for patients and more
sustainable services health.

At this moment, we are experiencing the emergence of an infor-
mation society increasingly based on the production and ex-
change of information. New information and computer
technologies (ICT’s) are having an impact in the field of rehabil-
itation of motor and cognitive functions. Over the past twenty
years this progress in technology has provided clinicians with
new opportunities for evaluation and treatment of cognitive dis-
orders, which were not available with traditional methods. Sev-
eral tools have been created in order to evaluate and train the
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cognitive impairment that is associated with acquired or devel-
opmental cerebral damage including memory, spatial knowledge
representation and planning abilities and executive function.

With virtual rehabilitation we are developing engaging virtual
worlds in which patients interact while rehabilitating, envi-
ronments that are capable of recognizing the patient and pro-
vide the necessary services even at home, miniaturized and
low-cost tracking and monitoring systems used to enable pa-
tients to continue rehabilitation at home thus saving costs to
health services and improving both the quality of care, intel-
ligent TV screens that recognize the patient's movements and
through virtual agents are leading him in the exercises, or ro-

botic systems that assist the patient in their exercises in both
the clinic and at home. In coming years, we will attend to a
revolution in this field through the combined efforts of clini-
cians and technology, which we intend to make closer ties in
scientific events like the International Symposium on Neu-
rorehabilitation. We hope that you enjoy these papers and that
you will join us in the next edition of the International Sym-
posium on Neurorehabilitation to be held in 2011.

Mariano Alcañiz, Ph.D., 
Director Institute LabHuman 

and Javier Chirivella, Ph.D., 
Director Servicio Daño Cerebral/NISA



analysis of mUltitoUch tEchnology 

for nEUrorEhaBilitation

Mariano Alcañiz1, Vicente Abarca1, Jose A. Lozano1 and Neus Herrero1

The technology for supporting user friendly and intelligent interaction becomes very important for technology ap-
plied to rehabilitation. In this paper we review state of the art information and communication technologies (ICT)
applied to cognitive and motor rehabilitation in order to discuss the advantages of multitouch technologies over
other technologies. We describe a multitouch system specifically developed for use in clinical rehabilitation. The
ergonomic analysis and user acceptance results are described.

A multitouch tabletop display system based on Frustrated Total Internal Reflection (FTIR) has been developed using
user centered design principles in order to adapt the technology to patients with acquired TBI. We also described the
classification of hand gesture commands for interacting with the system developed using the library Human-Touch.
Several software applications have been developed both for usability tests and for cognitive rehabilitation tasks.

The different natural man-machine interface technologies are analyzed for their use in neurorrehabilitation and the
possibilities of the multi-touch technology are analyzed. The implementation of a prototype specially adapted for
its use in neurorrehabilitation is described and the ergonomic analysis and user satisfaction results are described.

Keywords: Multitouch, Cognitive Rehabilitation, Tabletop, Natural Interface, Virtual Rehabilitation
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introdUction

The technology for supporting user friendly and intelligent inter-
actions becomes important for technology applied to rehabilita-
tion. Specifically, many researchers worldwide have focused on
the input technology using hands and gestures, which are the most
intuitive tools for humans. This technology becomes a core com-
ponent of the information devices adopting dynamic touch inter-
faces. This paper will describe a hardware platform and its
component technologies that are used to manipulate the contents
naturally by recognizing the motion of the user’s hands and the
contact between the hands and display. This technology enhances
the availability of next generation multimedia contents utilizing
the interaction between the user and information system for re-
habilitation purposes.

One of the benefits of the tabletop display is the natural direct
manipulation experience they provide, as well as their potential
for more complicated interactions using multiple fingers. It would
be desirable to allow more than one user to access the display
without affecting the work of others. The users of a tabletop dis-

play could randomly access any point on the display by simply
touching the desired location. Also, physical objects could be
used for augmented reality. Lastly, the expense of developing the
system is not expensive. Ultimately, the system developed pur-
sues interaction of four components–human, computer, physical
objects and displayed objects. Additionally, tabletop displays can
help cooperative interaction of multiusers as a medium of com-
munication. The ability to directly touch and manipulate data on
the screen without using any intermediary devices has a very
strong appeal to users. In particular, novices benefit most from
the directness of touch screen displays. A fast learning curve and
inherent robustness, meaning it contains no movable parts, makes
touch screens an ideal medium for interacting with interactive
graphic based applications. While touch screen use is widespread
in special purpose applications, the slow adoption of touch
screens into more general computing devices has be attributed to
known issues of relatively high error rates, arm fatigue, and lack

of precision (Armstrong, C., 1989.) Due to technical restric-

tions, most commercially available touch screen devices in use
today are only capable of tracking a single point on the surface
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of the device. However, during recent years there has been an in-
creased interest towards multi-touch technology that permits de-
tection of several fingers at the same time.

BackgroUnd of mUltitoUch tEchnology

Multi-touch technology is a human-computer interaction tech-
nique that uses a touch screen or tablet to recognize multiple si-
multaneous touch points and software to interpret those
simultaneous actions. This frequently includes the position and
pressure or degree of each touch point independently, which al-
lows gestures and interaction with multiple fingers or hands and
can provide rich interaction through intuitive gestures. Depending
largely on their size, some multi-touch devices support more than
one user on the same device.

Multi-touch technologies have a history beginning in 1982, with
pioneering work being done at the University of Toronto (Mehta,
1982) and Bell Labs (Akatani & Rohrlich, 1983.) Lee et al. (1985)
described one of the first multi-touch prototypes that consisted of
a touch tablet capable of sensing an arbitrary number of simulta-
neous touch inputs, reporting both location and degree of touch for
each. The Digital Desk, described by Wellner (1991), used an early
front projection tablet top system that used optical and acoustic
techniques to sense both hands and fingers as well as certain ob-
jects, in particular, paper-based controls and data. Fitzmaurice et
al. (1995) demonstrated the concept and later implemented the abil-
ity to sense the identity, location and even rotation of multiple phys-
ical devices on a digital desktop display and used them to control
graphical objects. A novel and very interesting approach to this
class of device was the Haptic Lens (Sinclair, 1997), a multitouch
sensor that had the feel of clay; it lost its shape the harder you
pushed and resumed its basic form when released. In 2006, Mitus-
bishi introduced the Diamond Touch system (Wu et al., 2006) that
is capable of distinguishing which person's fingers and hands are
which, as well as location and pressure. The first commercially
available product using multi-touch technology was the Lemur
Input Device, a professional multi-media controller from the
French company JazzMutant (www.jazzmutant.com.) It was
launched in 2005. In another paper, (Han, 2005) the author de-
scribes a very elegant implementation of a number of techniques
and applications on a table format rear projection surface that used
FTIR techniques for finger tracking. Some other prototype descrip-
tions can be found in Rekimoto, 2002 and Wilson, 2004, 2005.

ict’s and cognitiVE rEhaBilitation

We are experiencing the emergence of an information society in-
creasingly based on the production and exchange of information.
New information and computer technologies (ICT’s) are impact-
ing the field of rehabilitation of cognitive functions. Over the past
twenty years this progress in technology has provided clinicians
with new opportunities for evaluation and treatment of cognitive

disorders which were not available with traditional methods. Sev-
eral tools have been created in order to evaluate and train the cog-
nitive impairment that is associated with acquired or
developmental cerebral damage including memory, spatial knowl-
edge representation, planning abilities and executive function.

In the past few decades, computers have developed rapidly in
power and sophistication. A variety of software and multimedia
computer programs can be used as tools for assessment and even
treatment, including applications in cognitive rehabilitation (Arm-
strong, 1989; Gontkovsky et al., 2002; Green et al., 1994; Johnson
& Gravie, 1985; Smart, 1988.)

Applications of an advanced form of computer technology, virtual
reality (VR) and evaluations of its efficacy, have appeared in stud-
ies on the assessment, treatment, and functional outcomes of pa-
tients with cognitive impairments (Christiansen et al., 1998;
Elkind, 1998; Knight & Titov, 2009; Lengenfelder et al., 2002;
Rizzo et al., 2000; Rose et al., 2005; Schultheis & Rizzo, 2001;
Tsirlin et al., 2009.) With the introduction of VR tools, it has be-
come possible to assess and train patients in ecologically relevant
environments (Katz et al., 2005; Rizzo et al., 2006.) The use of
computerized tools, in particular VR, presents specific advan-
tages–adaptability to varying user abilities, compensation for sen-
sory deprivation and motor impairments, a high level of
engagement and motivation and repetitive training which may, in
some cases, be used at home. These tools provide multi-sensorial
stimulation and feedback and more realistic tasks that are safe and
suitable for rehabilitation. The realism and engagement of VR
tools also help the transfer of learning to the real world (Rizzo &
Kim, 2005.)

The evolution of VR research made it possible to integrate video
and virtual objects in real time, resulting in a mix of real and virtual
or mixed reality named Augmented Reality (AR.) AR provides
safer and more intuitive interaction techniques that offer the op-
portunity to interact with 3D objects in the real world (Azuma,
1997.) AR provides a more realistic feeling of presence and reality
judgment than VR because the environment and the elements the
patients use to interact with the application are real. However, few
studies have developed AR systems for cognitive rehabilitation
(Correa et al., 2007; Richard et al., 2007.)

Another advancement of ICT’s in the field of cognitive rehabilita-
tion is telemedicine which is the use of telecommunicating tech-
nology for diagnostic and therapeutic purposes (Lathan et al.,
1999.) Specifically, telerehabilitation is the remote delivery of re-
habilitation services such as teleconsulting, monitoring, and train-
ing and care of people with acute and chronic disabling disorders.
This method of rehabilitation becomes useful when the patient is
unable to move to a rehabilitation center so it can be applied in
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rural and underserved areas. Other advantages include reducing the
cost of hospital visits and maintaining the improvements achieved
during the process of rehabilitation in the unit. Several studies have
showed telerehabilitation advantages and utilities for cognitive re-
habilitation (Burdea, 2003; Caltagirone & Zannino, 2008; Currell
et al., 2001; Grimes et al., 2000; Schoenberg et al., 2008.)

dEscriPtion of hardWarE PrototyPE

A prototype called HumanTouch was developed for testing the ca-
pabilities of multi-touch technology on cognitive rehabilitation.
In figure 1 some images of the prototype are shown.

The HumanTouch system uses a projector to transfer the image

onto a mirror. It is then reflected onto a board surface which is
made up of a translucent glass screen.

The interface works by reading an image through the screen which
is generated by the infrared reflections on the fingers’ skin.

hardWarE configUration

The system consists of four main components–an image projector,
an infrared LED illuminant block, a camera with an infrared pass
filter and a special table made with a retroprojector system.

The advantages of this approach compared to other configura-
tions like hanging the projector on the roof, or projecting from

Alcañiz, Abarca, Lozano and Herrero

Figure 2. Touch detection in the HumanTouch system.

Figure 1. HumanTouch prototype; right user interaction with multitouch system.



the back are the following:
– Difficult and dangerous overhead installation of the projector
is avoided.
– The system does not need to be calibrated often. If the cam-
era and illuminant is rigidly mounted to the retroprojector
structure, there is no need to re-calibrate the camera and pro-
jection to the surface when the unit is moved. Similarly, since
the distance of the camera and projector to the surface is con-
stant, there are no problems related to adjusting focal length
of either the camera or projector when the unit is moved.
– With the retroprojection, occlusion problems typical of
front-projected or oblique-projected systems are eliminated.
For example, it is possible for the user to stand over the pro-
totype without their head or their hands occluding the pro-
jected image.
– By controlling the projection surface, the image projection
quality can be guaranteed.

The second device used was an infrared illuminator. To illumi-
nate the surface, the most common infrared LED’s could be
used, mounted in line arrays around the screen. In order to ob-
tain a consistent illumination, the arrays were installed in a chas-
sis nine centimeters from the screen perimeter. The position of
the illuminator was adjusted during the building phase in order
to obtain the optimum performance. These LED’s should be
mounted in a simple electronic circuit.

Regarding the camera, any conventional camera with an in-
frared pass filter that fits the requirements in frequency and res-
olution could be used. Also, a black and white camera could be
used because in this case color information is not needed. It is
also important that it has good resolution and a wide-angle lens.
The resolution should be at least 640x480 since the camera is
set at the side of the projector, in front of the user and the effec-
tive resolution decreases with the distance to the camera. There-
fore, in the edge where the user is sitting, the resolution will be
the worst. The angle is important to cover the whole table and
an angular lens could be used for that purpose.

The imaging source used was The ImagingSource DBK
21BU04, a USB Bayer camera with a 1/4”Sony CCD which
captures visible and the near infrared light. A B/W camera
with a resolution of 640x480 VGA output and refreshing rate
is 60 fps was used. Several other lenses can be used to widen
the angle.

Finally, the last device used with the prototype was a retropro-
jection structure. The most important features are the surface
area used similarly to a touch screen and the mirror system to
project the image from the projector.

It is important that the surface where the system is going to be placed
reflects the infrared light because in the detection algorithms the re-
flected light needs to separate the fingers and shapes from the back-
ground (they reflect the IR light through the screen and the camera,
placed under the surface, captures the image.) For this reason, for ex-
ample, a black board could not be used. On the other hand, that surface
must not be transparent because the image to be projected. The solu-
tion in the study was to use a semitransparent surface to show the pro-
jection image and the light reflected. Most surfaces accomplish this.

The mirror system was quite simply constructed. Only a sturdy table
with a hole as the touch screen was needed. That hole was covered
by the semitransparent surface and a mirror was placed under it at a
45-degree angle. The image was projected onto the mirror which re-
flected it onto the surface. On the other hand, the IR light, which came
from the finger and shapes through the touch screen, was also reflected
by the mirror to the camera which was placed near the projector.

softWarE to dEtEct and track fingErs

Like other vision-based interaction systems, the difficult part is to de-
sign robust algorithms that reliably detect the interaction of the user
and are fast enough to work in real time. This system does both.

There is a main distortion in the image–there is a barrel distortion
since the lens is wide angle. This kind of distortion is stronger as
long as the focal length is shorter.

JCR
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Figure 3. Image captured by the camera with a 
finger touching the surface.
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The correction of this distortion was achieved through a standard
camera calibration procedure.

After correcting the distortion, the next step was the segmenta-
tion of the contacted fingertips. An appropriate threshold value
was applied and contacting elements were isolated. To determine
the threshold value an adaptative threshold algorithm was used.
The value was determined by considering the histogram of the
image. Once the adaptative threshold algorithm was applied, a
simple mathematical morphology (opening and closing) was
used for eliminating noise. Later, the resulting figures were
processed, being classified as isolated blobs that appear like fin-
gers. Finally, additional tracking algorithm was necessary to es-
tablish a temporal coherence for finger position. The most
common model for the tracking problem is the generative model,
which is the basis of popular solutions such as the Kalman and
particle filters.

hUmantoUch and cognitiVE rEhaBilitation

In relation to multitouch technology application in the health
field, LabHuman is working on several prototypes for cognitive
evaluation and rehabilitation of patients with brain damage.
Specifically, an application for Unilateral Spatial Neglect (USN)

disorder has been developed and another for training activities
of daily living (ADLs) within the framework of Occupational
Therapy.

The USN prototype transfers multitouch technology to several
standardized pen-and-paper tests used for detecting visual neg-
lect and measuring its severity. The hypothesis in this study is
that multitouch technology could be very useful in order to mo-
tivate USN patients to carry out the conventional sub-tests of the
Behavioral Inattention Test (BIT, Wilson et al., 1985), such as
line crossing, letter cancellation, star cancellation, figure and
shape copying, line bisection and representational drawing. This
would facilitate the patients’ performance and also measure the
USN severity by tracking the screen location when patients per-
forming the tasks touch the screen with their fingers. This would
make possible an estimation of the extent of the observer’s spa-
tial exploration deficit. From the therapist’s point of view, the
computerized control of a system with these features could be
very useful to provide patients with tests and tasks in an auto-
mated way. Other advantages are the adaptability to varying user
abilities and the facilitation of real time feedback concurrent with
task performance together with the obtained scores. In figure 4
some tasks developed for the system are shown.

Alcañiz, Abarca, Lozano and Herrero

Figure 4. Dumpscreens of the USN prototype developed for HumanTouch interface.
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Specifically, the multitouch USN prototype offers the patient
a virtual environment from every sub-test mentioned previ-
ously and a multitouch interface based on the HumanTouch
prototype.

In relation to occupational therapy, and in a similar way to
the prototype described before, the study shows it would be
possible to transfer multitouch technology to conventional
tasks used for developing, recovering, or maintaining daily
living and work skills in patients with brain damage. This pro-
totype is a first attempt to rehabilitate cognitive disabilities

in these kind of patients. Basically, this prototype offers a vir-
tual environment that shows several decks of cards, each as-
sociated with a daily living task. The patient then selects one
of these decks and the screen displays all the cards included
in it (each card is associated with a necessary sub-task to
carry out the complete task correctly) in random order. Then,
the patient has to put all the cards in order, obtaining the cor-
rect sequence of cards which completes the daily living task
properly. During the task, the virtual environment displays
real time feedback about the patient’s performance. In figure
5 some parts of the occupational therapy module are shown.
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imProVing gait aftEr strokE – 

trEadmill or Walking; QUantity or QUality

Birgitta Langhammer1 and Johan K. Stanghelle1 

The main aim of the present study was to evaluate treadmill training versus walking outdoors in order to improve quality
aspects like step length, step width, cadence and quantitative aspects like endurance, walking speed and distance in
walking. A secondary aim was to evaluate factors that might be influential in retrieving walking capacity.

The results indicate that treadmill walking achieved improved function, such as an increase in walking speed and dis-
tance, in less time than walking outdoors and in regard to bilateral step length with higher degree of symmetrical use.
This observation supports the notion that walking exercises on a treadmill are an effective and important tool in reha-
bilitation. The patients studied were well past the acute period of time after stroke. The fact that both treadmill walking
and walking outdoors did improve functional activities supports the importance of “booster doses” of rehabilitation in
order to maintain physical function levels. 

Keywords: Physiotherapy, Rehabilitation, Stroke, Treadmill, Walking

introdUction

Walking capacity is an important aspect of stroke rehabilitation
regarding endurance, functional activities like ADL and as a pri-
mary goal expressed by the patient (Globas, Macko & Luft, 2009.)
Different approaches are used in the rehabilitation of stroke pa-
tients in order to enhance and improve walking capacity and there
are different options depending on which aspect of walking is
being considered (States, Pappas & Salem, 2009, Tang et al., 2009,
Moseley, Stark, Cameron &  Pollock, 2005.) In order to enhance
walking in the acute stage, the therapist often focuses on stability,
balance and quality of movement.  In the chronic stage functional
aspects, such as endurance and quantity and how long and how
fast walking is possible, become more important during rehabili-
tation (Peurala, Airaksinen, Jäkälä , Tarkka & Sivenius, 2007, van
de Port, Kwakkel  &  Lindeman 2008.)  

There are very few studies on walking exercises outdoors com-
pared to walking indoors despite the advantages considering that
fact that most patients suffering from the complications related to
stroke return home.  One of the options for an independent living
and domestic life is that you can walk indoors and outdoors. Task-
oriented training is recommended in the acute rehabilitation to gain
skills for patients with stroke (Langhammer & Stanghelle 2000,
Pollock, Bær, Pomeroy & Langhorne 2007.) It is safe to assume

that walking outdoors is beneficial training for a patient who
wanted to improve this skill. Walking outdoors is not a goal in itself
but rather improvement in rehabilitation. If the patient’s goal is to
walk to the grocery store two kilometers down the road or to walk
quickly across a street, there is probably a need for endurance,
power and strength. On the other hand, reducing pain or economiz-
ing walking because of asymmetry calls for another approach.
Walking parameters like bilateral stride length, step width and ca-
dence are part of a qualitative aspect of gait where one would as-
sume a symmetrical stride length, narrow step width and a
reasonably low cadence would indicate a better performance.

Treadmill walking has been shown to be a valuable therapeutic tool
for improving walking patterns post-stroke (Ada, Dean, Hall,
Bampton & Crompton, 2003.) It is also effective in enhancing en-
durance (Macko et al., 2005.) Although treadmill training does not
seem to enhance performance more than ordinary walking exer-
cises in the acute stage (Nilsson et al.,2001, Moseley, Stark,
Cameron &  Pollock, 2005, Dickstein, 2008), it might be beneficial
in improving gait in the chronic stage. A question posed, then, is
will exercise gain transfer from a treadmill to walking over ground?

The main aim of the present study was to evaluate treadmill train-
ing versus walking outdoor in order to improve quality aspects
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like step length, step width, cadence and quantitative aspects like
endurance, walking speed and distance in walking. A secondary
aim was to evaluate factors that might be influential in retrieving
walking capacity.

mEthods

A single blind randomized controlled trial was set up. Patients
were tested within the first day after arriving, and were randomly
assigned to one of two groups directly after the test by a person
not involved in the study. One group performed treadmill exer-
cises and the other group performed outdoor walking exercises.
Participants were informed about the study and participation was
voluntary. The study was approved by the Regional Committee
of Medical Research Ethics.

Inclusion criteria were neurological impairment and age above
50 years. Exclusion criteria were objections to taking part in a
physical rehabilitation program, insufficient language, an unstable
cardiac status, neurosurgery and a pre-morbid history of ortho-
pedic problems or any problems that would prevent patients from
walking.

tEsts

The Motor Assessment Scale, item 3 was chosen to evaluate balance
as the participants entered the program. Item scores in the test range
from 0 to 6, and the total scores range between zero  and 48 (Carr &
Shepherd, 1985.) 

During The 6-Minute Walk Test length and gait speed were recorded
(Guyatt et al., 1985.) The participants were asked to walk as quickly
as they could for six minutes. The 6-Minute Walk Test was also used
to assess exercise tolerance (Larsen, Aarsland, Kristiansen, Haugland
& Dickstein, 2001), thus measuring functional exercise capacity. 

A 10-meter walk test was performed by walking 10 meters, with
markers on the heels on both the affected and the unaffected foot, to
measure quality of walking. The walkway was 14 meters long, with
two meters for warming up and two meters for slowing down, as also
used in other studies (Ada, Dean, Hall, Bampton & Crompton, 2003.)
The participants were instructed to walk as fast and as safely as they
could. Gait speed was measured with a stop-watch. 
The patients were tested on arrival at the clinic (test 1) and at the end
of the intervention period (test 2.) The participants were permitted to
use assistive devices and take a rest during the tests.  An experienced
investigator, familiar with the tests and blinded to group allocation,
performed all tests in a separate section of the recreational center. 

intErVEntion

The group performing the treadmill exercises completed walking
exercises five days a week during the testing period. The partici-
pants walked on the treadmill. The exercises were carried out with

the treadmill in a flat position and the participants could use sup-
port if needed. The working load was determined in co-operation
with the participants to a level they felt comfortable with and they
felt no insecurity in balance or discomfort otherwise. 

The group assigned to outdoor walking also exercised five days
a week at a comfortable speed and with the use of ordinary assis-
tive devices when necessary. The walk was performed regardless
of weather conditions, and the intention was a 30- minute con-
tinuous walk. 

The other activities in the physiotherapy department were the same
in the two groups. 

statistical analysis

Descriptive statistics are presented as mean and standard deviation
(SD.) An independent t-test was used to assess baseline differ-
ences. First, a multiple regression analysis was performed where
6 -MWT distance, 10 m walking speed and step variables was en-
tered as dependent variables separately and all other variables were
entered as independent variables in order to find the significantly
correlated variables. Final models were then analyzed with the
same dependent variables but now with the significantly correlated
variables time after stroke, time exercising, group assignment and
gender-independent variables (Tabachnick & Fidell, 2001.) Pre-
liminary graphical analysis determined that all applicable variables
met the assumption of normality and that no significant outliers
existed. Statistical significance was set at p<0.05. 

rEsUlts

A total of 39 patients were initially included in the study with
baseline tests. Five participants dropped out, three in the tread-
mill group and two in the walking outdoor group. Four partici-
pants, two in each group, were returned to the hospital because
of acute symptoms, and one in the treadmill group, discontinued
the stay for personal reasons. There were no baseline differences
between the groups, and the length of stay was equal in the two
groups with a mean of 2.5 weeks (see Table 1.) Group activities
and exercises were carried out five days a week and during
weekends only self - training was performed. The mean treadmill
speed during exercise was 0.5 m/s, with a range of 0.4 to 1.1 m/s
and a flat surface. The mean time per session for treadmill walk-
ing was 12 minutes, and the total exercising time was 107 min-
utes. The outdoor walks were carried out at a comfortable
walking speed. The time spent exercising depended on the
weather conditions, but was on average 29 minutes per session.
The total mean time for outdoor walking was 316 minutes. Thus,
significantly less time was spent on the treadmill than on walking
exercise outdoors (p=0.02.)  The groups were supervised by
physiotherapists and compliance to their respective programs
was performed at 100 percent.
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Walking: treadmill, n=21 outdoor, n=18 p-value

men (n) 10 6 0.4

Women (n) 11 12

age (years, mean, sd) 74 (13.3) 75 (10.4) 0.8

first time ever stroke (n) 17 16 0.5

right/left hemisphere (n) 15/6 13/5 0.9

time after stroke (days) 419, 1034 349, 820 0.8

height (cm; mean, sd) 172 (9.2) 167 (11.6) 0.2

Weight (kg; mean, sd) 75 (15.0) 67 (17.3) 0.1

mas 3 score 5.4 5.3 07

assistive device arrival (n) 7 9 0.73

assistive device departure (n) 5 6 0.53

reduced sensation (n) 7 6 0.9

length of stay 

(days; mean, sd)
15.9 (5.3) 16.9 (5.4) 0.6

Table 1 
Demographic data for patients included in the different groups and significance levels at p<0.05 for differ-

ences between the two groups

A multiple regression analysis including all independent variables
explained 57 percent of walked distance in the 6-Minute Walk
test (F = 4.5, p=0.002.)  Model 1 displays significantly correlated
independent variables–group assignment, time spent exercising,
gender and time after stroke and explained 51 percent of the 6-
Minute Walking Test ( F=7.0, p=0.001) (Table 2), 43 percent of
10m walking speed  (F=5.1, p=0.003) (Table 3), 39 percent of
right stride length (F=4.3, p=0.008) (Table 4), 41 percent of left
stride length (F=4.8, p=0.005) (Table 5), 15 percent of step width
(F=1.2, p=0.33) (Table 6) and 29 percent of cadence (F=2.7,

p=0.05) (Table 7.) A final model 2 with independent variables
group assignment and time exercising explained 28 percent of 6-
Minute Walking Test (F=5.6, p=0.009), 28 percent of 10m walk-
ing speed  (F=5.6, p=0.009), 21 percent of right stride length
(F=3.9, p=0.03), 19 percent of left stride length (F=3.4, p=0.04),
15 percent of step width (F=2.5, p=0.09) and 22 percent of ca-
dence (F=4.2, p=0.03.)

There were no differences in use of assistive aids between the
groups on arrival at the clinic or at departure.
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Variables Beta sE p-values r square

model 1

Group -0.28 53.0 0.1 0.51

Gender 0.4 43.5 0.008

Time exercising 0.5 0.13 0.006

Time after stroke -0.35 0.02 0.02

model 2

Group -0.4 59.5 0.04 0.28

Time exercising 0.6 0.2 0.02

Table 2 
Regression analysis showing the association between the 6-Minute Walk Test and independent vari-

ables group assignment, gender and time exercising (model 1) and group assignment and time exer-

cising (model 2)

Variables Beta sE p-values r square

model 1

Group -0.3 0.15 0.11 0.43

Gender 0.31 0.13 0.04

Time exercising 0.5 0.0 0.001

Time after stroke -0.33 0 0.04

model 2

Group -0.41 0.16 0.04 0.28

Time exercising 0.64 0 0.002

Table 3 
Regression analysis showing the association between the 10m walking speed and independent vari-

ables group assignment, gender and time exercising (model 1) and group assignment and time exer-

cising (model 2)



Variables Beta sE p-values r square

model 1

Group -0.38 0.13 0.04 0.39

Gender 0.26 0.11 0.11

Time exercising 0.39 0.0 0.04

Time after stroke -0.38 0 0.02

model 2

Group -0.48 0.14 0.02 0.21

Time exercising 0.51 0 0.02

Table 4 
Regression analysis showing the association between the dependent variable stride length right leg

and independent variables group assignment, gender and time exercising (model 1) and group as-

signment and time exercising (model 2)
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Variables Beta sE p-values r square

model 1

Group -0.41 0.12 0.03 0.41

Gender 0.26 0.10 0.09

Time exercising 0.26 0.0 0.17

Time after stroke -0.45 0 0.006

model 2

Group -0.51 0.14 0.02 0.19

Time exercising 0.39 0 0.06

Table 5 
Regression analysis showing the association between the dependent variable stride length left leg

and independent variables group assignment, gender and time exercising (model 1) and group as-

signment and time exercising (model 2)
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Variables Beta sE p-values r square

model 1

Group -0.42 2.5 0.06 0.15

Gender 0.14 2.1 0.9

Time exercising -0.07 0.006 0.8

Time after stroke -0.035 0.001 0.8

model 2

Group 0.42 2.3 0.05 0.15

Time exercising -0.06 0.006 0.8

Table 6 
Regression analysis showing the association between step width and independent variables group

assignment, gender and time exercising (model 1) and group assignment and time exercising

(model 2)

Variables Beta sE p-values r square

model 1

Group -0.07 11.9 0.7 0.29

Gender 0.19 9.9 0.3

Time exercising 0.46 0.006 0.03

Time after stroke -0.19 0.005 0.3

model 2

Group -0.12 11.6 0.5 0.22

Time exercising 0.53 0.03 0.01

Table 7 
Regression analysis showing the association between cadence and independent variables group as-

signment, gender and time exercising (model 1) and group assignment and time exercising (model 2)
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discUssion

The main results of this study indicate that performing exercises
on a treadmill walking improves walking speed, distance and stride
length bilaterally in less time than outdoor walking. Treadmill
walking has been reported by others to be an effective tool in the
rehabilitation of stroke patients but the shorter duration of exercise
in combination with both qualitative and quantitative  improve-
ments in walking patterns have not, to our knowledge, been shown
before (Ada, Dean, Hall, Bampton & Crompton, 2003, Macko et
al., 2005.) It can be expected that task-oriented exercises like walk-
ing outdoors would improve walking capacity resulting in in-
creased distance and endurance and perhaps also increase in speed,
but there are no studies concerning stroke patients on this subject.
Studies concerning outdoor walking are mainly focused on older
populations and the results from these studies show that older peple
going outdoors to exercise are less functionally impaired, score less
for depression and are more socially active than victims of stroke.
Walking difficulty and fear of falls are, in those studies associated
with going outdoors less (Rantakokko M et al., 2009.) 

Time passed since a stroke is a variable that often have has neg-
ative influence on performance (Mayo et al., 1999.) Despite the
fact that the patients were in the chronic phase of their stroke, the
participants in both groups showed improvements in walking
speed, distance and stride length (see tables.) The result indicates
that intensive exercises are important in order to maintain walking
capacities in the chronic stages of stroke as well (Langhammer,
Lindmark & Stanghelle, 2007.) Exercise programs for chronic
stroke survivors are scarce and few studies are focused on im-
proving and maintaining function past the acute period of three
months after stroke (Langhammer, Lindmark & Stanghelle 2007,
Askim, Mørkved &, Indredavvik 2006.) Our study indicates that
improving walking capacity by using a treadmill can transfer into
increased endurance, walking capacity and better performance so
that both quantity and quality of the walking motion is main-
tained.

The stay in a rehabilitation center incorporated several activities,
all proving to be very beneficial for improving physical function
and supporting an empowering process. The results of this study
must therefore be seen in the light of the participants´ total amount
of activity, which was equal in the two groups. However, the dif-
ference in the exercise protocols was in the methods of walking
exercise. We believe, therefore, that this difference must probably
be the main explanatory factor for the improvement in the treadmill
exercise group. The benefit of treadmill walking as an addition to
rehabilitation programs has also been shown in other studies (Ada,
Dean, Hall, Bampton & Crompton, 2003, Kuys, Brauer, Ada &
Russel, 2008, Chen, Patten, Kothari & Zajac, 2005.) 

The gender differences influenced performance so that women
walked more slowly, with shorter distance and with shorter stride
length and higher cadence. These differences have also been es-
tablished among healthy elderly people (Morio et al., 1997, Lang-
hammer & Lindmark 2007.)

A weakness of this study is the relatively small group and the lim-
ited period of follow-up. The results, therefore, must be interpreted
with caution. 

conclUsion

This study aimed to evaluate treadmill training versus walking out-
door regarding qualities in gait–bilateral step length, step width, ca-
dence, walking speed and walking distance. Treadmill walking
achieved improved function in less time and regarding bilateral step
length with higher degree of symmetrical use.  The treadmill group
increased in walking speed and distance, equally long and longer
step length bilaterally in less time than the outdoor walking class.
This supports the notion that walking exercises on a treadmill are
an effective and important tool in rehabilitation. The patients were
well past the acute period of time after stroke. The fact that both
treadmill exercises and walking outdoors improved functional ac-
tivities in patients supports the importance of “booster doses” of re-
habilitation in order to maintain physical function levels. 
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PrEliminary Validation of Ecotrain-cognitiVE: a

VirtUal EnVironmEnt task for safE strEEt

crossing in acQUirEd Brain inJUry PatiEnts With

and WithoUt UnilatEral sPatial nEglEct

Maria Dolores Navarro1, Mariano Alcañiz2, Joan Ferri1, Jose A. Lozano2, Neus Herrero2 and Javier Chirivella1 

The objective of the study was to determine the clinical utility and the convergent validity of a computer desktop-
based virtual reality (VR) street crossing task.

Twenty patients who had sustained either a right (n = 13) or a left (n = 7) hemispheric brain lesion due to an acquired
brain injury participated in this study. All subjects were assessed with a neuropsychological battery including measures
of attention (Color Trail-making Test, CPT) and measures of unilateral spatial neglect (Behavioral Inattention Test.) A
standard VR street crossing test was performed within a week after completion of a neuropsycological assessment.
Variables measured in the VR task included number of times the participant looked to the left, the total time it took to
complete the task and the number of accidents. A Feedback Questionnaire was used to obtain information about the
subjective responses of the participants to the VR experience.

The results were as follows–four patients in the study showed signs of persistent unilateral spatial neglect (USN =BIT
cut-off store < 129.) Two of the four patients with USN and only one of the 16 without USN were unable to complete
the task due to four or more accidents (Fisher’s exact test, p = 0.08.) The number of accidents and the time taken to
complete the virtual task were significantly correlated to the BIT score (r = -0.5, p < 0.05) and time to complete the
Color Trail Making Test part A and B (r = 0.7 and r = 0.8 respectively, p < 0.01.) The participants’ overall feedback on
the VR experience was positive. In conclusion, the results achieved by this VR street crossing intervention correlate
with those achieved by conventional neuropsychological tests measuring USN and attentional resources. Further studies
should address its clinical validity as an effective instrument for training individuals who suffer from USN. 

Keywords: Ecotrain, Brain Injury, Neglect, Cognitive Rehabilitation, Virtual Reality

introdUction

Unilateral Spatial Neglect (USN) is a disorder frequently ob-
served after unilateral brain damage. It is defined as the inability
to respond to or to orient toward stimuli located in the hemi-
space contralateral to the lesion of one of the cerebral hemi-
spheres (usually the right), and which is not attributable to
primary sensory or motor deficits (Heilman et al., 1987.) So,
USN is an attentional or representational deficit, not a visual
field deficit. This disabling condition is found in almost 50 per-
cent of people with right-hemisphere stroke, and the presence
of left USN in these patients has a well-established negative im-
pact on functional recovery (Buxbaum et al., 2004.) Behav-

iorally, USN patients display a wide range of functional spatial
deficits, such as bumping into objects when walking, shaving
only one side of their face and eating food from only one side
of the plate.

The complexity of USN makes it a difficult condition to diag-
nose and treat. While many rehabilitation methods have been
proposed and applied with various degrees of success (Chokron
et al., 2007), there is still a great need for effective treatment.
Diagnostic techniques could also be improved and extended. In
the last decade, promising new methods using virtual reality
(VR) technologies have emerged (Tsirlin et al., 2009.)
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Virtual reality (VR) is a new technology based on computerized
simulation and real-time visual, auditory and, in some cases, hap-
tic (relating to the sense of touch) feedback (Rizzo et al., 2002.)
VR technology may provide an extremely powerful tool to eval-
uate and treat patients who suffer from USN due to its unique
combination of attributes. First and foremost, VR has inherent
ecological validity, enabling a therapist to present intervention
within contexts that are both realistic and more meaningful to
the user which provide the individual with a sense of presence
in the environment (Schultheis & Rizzo, 2001.) VR also provides
opportunities for experiential, active learning which encourage
and motivate the participant (Mantovani & Castelnuovo, 2003.)
Performance within virtual environments can be measured ob-
jectively and the level of difficulty can be graded to provide stim-
uli that are achievable yet challenging (Rizzo et al., 2004.) VR
also offers the capacity to individualize treatment needs, while
providing increased standardization of assessment and re-train-
ing protocols, provides the opportunity for repeated learning tri-
als and offers the capacity to gradually increase the complexity
of tasks while decreasing the support and feedback provided by
the therapist (Schultheis & Rizzo, 2001.) Furthermore, activity
within the environment is safe and strict experimental control
may be maintained over stimulus delivery and measurement
(Rizzo et al., 1997.) In our specific application, the safety issue
is paramount, as training an individual suffering from unilateral
spatial neglect in a real street may be dangerous.

Street crossing is one example of a training environment using
VR that can re-create the living environment of the patient with
USN, which will lead to better generalization of the therapy to
everyday life. Effectiveness of VR for teaching pedestrian safety
and transfer to real world behavior was studied by McComas et
al. (2002) for children. Results showed that children in the VR
group learned safe street crossing skills as demonstrated by their
scores on pre and follow up trials whereas the control did not. To
train stroke patients with USN to cross a street safely, Weiss et
al. (2003) design and testing a PC-based 3D, non-immersive VR
system. 12 subjects, 6 had sustained a right hemisphere stroke (4
of these patients showed left neglect) and 6 healthy age-matched
controls, participated in the initial feasibility and suitability study.
The results showed that this VE was suitable in both its cognitive
and motor demands for the targeted population. More recently,
this group (Katz et al., 2005) examined the efficiency of the same
virtual street crossing application for training patients with USN
to cross the street (experimental group; n=11) in comparison with
standard computer-based visual scanning training (control group;
n=8.) After nine hours of training, distributed over 4 weeks, both
control and experimental groups of participants with USN im-
proved on standard USN measures. The experimental group also
showed significant improvement on the VR street crossing test,
while the control group did not. On real street crossing, the ex-

perimental group looked more to the left than they did before the
VR training, while the control group showed no change. These
results are important, since even such a simple system, located
on the lower end of the immersion spectrum, equaled and in some
cases surpassed the conventional method in its rehabilitative abil-
ities. Such ecologically valid rehabilitation can be of great value
to patients.

The objective of this initial study was to determine the suitability
and feasibility of using VR technology to train neglect patients
to safely perform dangerous activities of daily living (ADL), such
as crossing streets.

matErials and mEthods

sUBJEcts

Twenty patients, 10 men and 10 women, aged 52 (SD: 13.2)
years, with a mean chronicity of 568.4 (SD:327.4) days, partici-
pated in this study. All patients had sustained either a right (n=13)
or a left (n=7) hemispheric brain lesion, due to an acquired brain
damage (stroke: n=9, intracranial hemorrhage: n=8, brain tumor:
n=3.) Four of the thirteen patients with a right-hemispheric lesion
presented persistent left USN according to BIT (Behavioral Inat-
tention Test, Wilson et al., 1985) cut-off score (less than 126.) All
participants had a MMSE (Mini-Mental State Examination, Fol-
stein et al., 1975) greater than or equal to 23 and a MASTc (Mis-
sissipi Aphasia Screening Test, Nakase-Thompson et al., 2005)
greater than or equal to 45. So, they did not show important cog-
nitive deficits and had a good comprehension.

Vr strEEt crossing tEst

VR street is a virtual environment for the rehabilitation of patients
with neglect that simulates several streets next to a supermarket.
The patient’s objective is to go to the supermarket via the streets,
crossing all crosswalks, paying attention to the cars (coming from
both directions) and the traffic lights, and trying not to get run
over.

In order to obtain this objective in a progressive way the virtual
environment is configured with the option of several difficulty
levels. In this way the therapist can define if the virtual environ-
ment will include traffic cars–even to define the traffic flow–or
the traffic lights. Also, it is possible to define the inclusion of dis-
traction components, that is, different audio or visual stimuli that
could distract the patient while he/she is focusing his/her attention
in the neglect side. On the other hand, in order to help and to mo-
tivate the patient to obtain this objective the virtual environment
offers real time audiovisual feedback about what he/she must to
carry out and how he/she is confronting it.

In order to visualize this virtual environment, in an immersive
and non-invasive way, the patient uses a panoramic 47” LCD

Preliminary Validation of Ecotrain-Cognitive
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ProcEdUrE

The study took place in a quiet room free from potential atten-
tional distractors. The patient was comfortably seated in front
of a 47-inch LCD monitor and experienced the virtual environ-
ment from a first person perspective. A neuropsychologist,
trained in the virtual program, controlled the entire process and
gave precise instructions about the assessment task and the
software use. Once the program started, the participant was
asked to pay attention to a divide road with vehicles approach-
ing from both sides. The main objective of the task was to cross
two divided roads in order to arrive at a destination point, in
this case a supermarket, and then return to the start point as
quickly and safely as possible. The street crossing was per-
formed on two divided roads so the participants had to cross
the lanes where vehicles were approaching from the left to
reach a central island. Then, they continued to the other side
where cars came from the right. The position and speed of
movements in the environment were controlled by a joystick.
The virtual task was considered finished once two routes–ar-
riving at the supermarket and getting back to the starting point–
were completed, or after four accidents had occurred.

After instructions, the head tracking system was adjusted to
each patient and a preliminary session was administered for
learning software and hardware use. In this training session, the
patient was asked to navigate though the virtual environment
and try to complete one single route in the absence of traffic, or

any other audiovisual distractor. Once the patient was used to
the system, the main objective of the task was remarked again
and an assessment session was performed. Although the soft-
ware allowed the presence of verbal cues, such as “look to your
left”, visual cues like traffic lights or visual distractors like ob-
stacles in the road, the assessment session was performed with-
out any of these elements, and only an emotionally-intense
audiovisual feedback was allowed in case of an accident. If this
happened, the therapist encouraged the patient to carefully look
at both sides of the road before crossing and the program was
automatically restarted from the initial point, without discount-
ing the time already used. Variables measured during the assess-
ment session included the number of times the participant
looked to the left and to the right, the total time to complete the
task and the number of accidents.

Once the assessment session was finished, the patient completed
the Short Feedback Questionnaire with the help of the therapist
when required.

short fEEdBack QUEstionnairE

A Spanish adaptation of the Short Feedback Questionnaire (SFQ)
(Kizony et al., 2003) was used to obtain information about the
subjective responses of the participants to the VR experience in
the VE. The SFQ is an eight-item questionnaire which queried
the user’s sense of presence, perceived difficulty of the task, and
any discomfort that users may have felt during the experience.

Navarro, Alcañiz, Ferri, Lozano, Herrero and Chirivella

monitor. The navigation and interaction is performed by means
of a conventional joystick. On the other hand, the virtual envi-
ronment makes use of an optical tracker system to track patient’s
head movements using a cap with reflecting marks. Head tracking

is used in order to provide a 180º panoramic view of the virtual
environments without the use of a head mounted display. In order
to do so, movements of the patient’s head are magnified in the
virtual environments.

Figure 1. Screen and overview of the VR street crosing system.
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The first six items of the questionnaire were formulated as an
abbreviated alternative to the longer Presence Questionnaire de-
veloped by Witmer & Singer (1998.) These items assessed the
participant’s sense of enjoyment, sense of being in the environ-
ment, perception of the success, perception of control, perception
of the environment as being realistic and comprehension of com-
puter feedback. The seventh item, composed by four sub-items,
explores the comfort during the experience and possible side ef-
fects–dizziness and sickness, eye pain or “molestias en los ojos”
and disorientation. The eighth item, composed by two sub-items,
explores difficulty–perception of difficulty while performing the
task and perception of difficulty using interface devices. Re-
sponses to the first seven items were rated on a 5-point Likert
scale, where 1 = not at all and 5 = very much. Responses to the
eighth item were also rated on a 5-point Likert scale, where 1 =
very easy and 5 = very difficult. Negatively keyed items (7 and
8) were inverted for data analysis. So, in results, item seven
scores mean 1 = very much and 5 = not at all, while item 8 scores
mean 1 = very difficult and 5 = very easy.

data analysis

Many dependent variables (SFQ items) were non normally dis-
tributed (Kolmogorov-Smirnov test was <0.05) and sample sizes
were small so non parametric tests were used. Kruskall – Wallis
test and a subsequent Mann-Whitney U test for independent sam-
ples were used in order to search possible SFQ score differences
between those with left USN (n=4), those with right-hemispheric
brain lesion without USN according to BIT cut-off score (n=9)
and those with left-hemispheric brain lesion (n=7.) The Spear-
man test was used searching possible correlations between items
of the SFQ.

rEsUlts

Our purpose at this preliminary stage is to examine the patients’
responses to a one-time experience in the VR street crossing task.
None of the participants felt any side effects during their per-
formance in the virtual environment. According to SFQ scores
all patients (n=20) described the experience as enjoyable (mean:
3.95; SD: 1.31), they felt a marked sense of presence during their
VR experiences (mean: 4.05; SD: 1.31) and perceived the virtual
environment as being realistic (mean: 4.39; SD: 1.29.) Moreover,
the participants showed a good comprehension of computer feed-
back (mean: 4.56; SD: 0.78) and a good control of the situation
(mean: 3.74; SD: 1.24.) In general, they described their perform-

ance on the virtual task as a success (mean: 3.74; SD: 1.00) and
did not perceive great difficulties while performing the task
(mean: 4.37; SD: 0.95) or using interface devices (mean: 4.53;
SD: 1.07.) In fact, two of the four patients with USN and only
one of the 16 without USN were unable to complete the task due
to four or more accidents. For that reason we examined possible
differences between groups in all of these variables using
Kruskall-Wallis test.

As the statistical test (Kruskall-Wallis) showed differences be-
tween the three groups of patients studied regarding the percep-
tion of the success (p = 0.02) and the comprehension of computer
feedback (p = 0.07), the Mann – Whitney U test was performed
to study where were those differences. Patients with left USN
showed the lowest mean scores in both perception of the success
and comprehension of computer feedback. However, only sig-
nificant statistical differences were found for comprehension of
computer feedback (p = 0.01) between patients with left USN
and patients with left-hemispheric brain damage. Regarding per-
ception of the success, significant statistical differences (p =
0.01) were found between patients with left USN and patients
with right-hemispheric brain lesion without USN.

On the one hand, correlational analysis of SFQ variables re-
vealed an obvious significant relationship between sense of pres-
ence and the perception of the environment as being realistic (p
= 0.04.) On the other hand, presence  or sense of being in the en-
vironment, was related to both difficulty sub-items
(p = 0.04.) Patients who felt less sense of presence in the virtual
environment showed more difficulties performing the task and
using interface devices. In addition, a strong correlation was
found between the sub-item difficulties using interfaces and feel-
ing disoriented (p = 0.006.) In other words, patients who felt
more disoriented thought they had more difficulties using inter-
faces, but no association was found between disorientation and
difficulties performing the virtual task.

discUssion

The obtained results indicate that the use of virtual environments
that simulate dangerous activities of daily living (ADL), such as
crossing streets, is an adequate training tool for neglect patients.
The developed virtual environment permits the customization
for simulating ADL and presents a low cost and non-invasive in-
terface for interaction.

Preliminary Validation of Ecotrain-Cognitive
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Nick Alderman1, Caroline Knight1 and Louise Birkett-Swan1

The St Andrew’s Sexual Behavior Assessment (SASBA) scale has recently been proposed as providing a valid, reliable
means of recording inappropriate sexual behavior (ISB) exhibited by people with acquired or progressive neurological
impairment. ISB amongst these populations has not previously been studied in detail, consequently, little is known about
its prevalence or characteristics. In this study, SASBA data collected over a three-month period in a neurobehavioral
service was examined to begin ascertaining the extent of ISB amongst people with acquired brain injury (ABI.) Overall,
699 incidents were recorded among 91 patients–most were verbal comments of a sexual nature. Comparable measures of
aggression made over the same period suggested ISB was relatively infrequent, accounting for seven percent of all events.
Aggression was characteristic of most patients, whereas ISB was exhibited by less than half. Two patients accounted for
nearly half the SASBA recordings. Data suggested aggression primarily served an escape or avoidance function while
ISB was mostly concerned with social distance reduction. Benefits of encouraging services to utilize the SASBA to as-
certain prevalence and characteristics of ISB in other ABI contexts and suggestions for future research are discussed. 

Keywords: SASBA, ISB, Neurobehavioral Rehabilitation, Outcome, Aggression, OAS-MNR

introdUction

A recent review by Johnson and colleagues (Johnson, Knight and
Alderman, 2006) highlighted that in comparison to other behav-
ioral consequences of acquired and progressive neurological im-
pairment, inappropriate sexual behavior (ISB) has been relatively
neglected in the literature. For example, increasingly more is
known about the characteristics and causes of aggressive behavior
secondary to acquired brain injury (ABI) and its management
(Miller, 1994; Alderman, Knight and Henman, 2002; Tateno, Jage
and Robinson, 2003; Alderman, 2003; Baguley, Cooper and Felm-
ingham, 2006; Alderman, 2007.) However, a compatible level of
knowledge about ISB has yet to evolve.

Johnson and colleagues (2006) suggested that one reason ISB has
not been investigated thoroughly reflected uncertainty regarding
what this comprises. They presented evidence that suggested there
was no single accepted conceptual understanding or description
of ISB. Accounts of ISB were frequently ill-defined, leading to
variance and inconsistencies between studies regarding measure-

ment of behaviors, and as a consequence, disagreement amongst
investigators regarding its prevalence. The point was made that
availability and acceptance of clear operational definitions of ISB
would facilitate creation of standardized, structured assessment
tools which would increase understanding of these behaviors.

More recently, Knight, Alderman, Johnson, Green, Birkett-Swan
and Yorston (2008) proposed ISB might occur infrequently among
people with acquired or progressive neurological impairment. This
may be why it has received less attention in literature from re-
searchers. For example, a retrospective file review of ABI inpatient
and outpatient rehabilitation services identified 6.5 percent of
clients as having committed some form of sexual offense, such as
touching, exhibitionism or overt sexual aggression (Simpson, Tate,
Ferry, Hodgkinson and Blaszczynski, 2001.) However, while this
study suggests the prevalence of ISB is low, other investigations
contradict this finding. For instance, in a staff survey among trau-
matic brain injury rehabilitation professionals, it was found that
70 percent of clinicians reported that ABI patients frequently en-
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gaged in touch of a sexual nature, and 20 percent reported that use
of “sexual force” occurred on numerous occasions (Bezeau,
Bogod and Mateer, 2004.)

Building on the earlier review of Johnson et al (2006), Knight and
her colleagues (2008) pointed out that the apparently contradictory
findings between those few studies that had examined prevalence
of ISB might be attributable to methodological and other incon-
sistencies. Standardized assessment tools had not been used, and
there was variability regarding definition, terminology, differences
in scope and the populations that had been investigated. 

thE oas-mnr

In many ways the challenges to obtaining reliable, valid informa-
tion regarding ISB parallels those described over a decade ago by
Alderman, Knight and Morgan (1997) regarding aggression as a
behavioral sequelae of ABI. At that time information about the
prevalence of aggressive behavior was noted to vary considerably
between different studies which was attributed to use of inconsis-
tent terminology and lack of appropriate recording tools. Conse-
quently, these investigators developed the “Overt Aggression Scale
– Modified for Neurorehabilitation” (OAS-MNR) to introduce a
standardized method of describing and reporting aggression ex-
hibited by patients primarily participating in residential neurore-
habilitation programs. This was a modification of the “Overt
Aggression Scale” (OAS) that had been proposed by Yudofsky
and colleagues (Yudofsky, Silver, Jackson, Endicott and Williams,
1986.) The principal modifications made to the OAS to produce
the OAS-MNR were to make the instrument more relevant to use
within neurorehabilitation settings by adding setting events and
antecedents, increasing the range of interventions used to manage
behavior and develop the documentation required to support it.
Psychometric properties for the scale were also determined.

The OAS-MNR enables detailed records to be made concerning the
frequency of four categories of aggressive behavior–“verbal aggres-
sion’” (VA), “physical aggression against objects” (PO), “physical
self harm” (PS), and “physical aggression against other people”
(PP.) Each category of aggression is rated on a four-point scale re-
garding severity ranging from “1” (mild) to “4” (very severe.) Rat-
ings of severity are defined using written criteria to further facilitate
objective recording. For example, mild verbal aggression (rated 1)
is described as “makes loud noises, shouts angrily, is not person-di-
rected” and very severe physical aggression against people (rated
4) is “causes severe physical injury (broken bones, internal injury)
to person aggression directed at.”

As well as type and severity of aggression, the OAS-MNR builds
on the OAS by including information regarding various environ-
mental and other variables. This information provides formulations
regarding why patients engage in aggressive behavior. Two sets of

events that precede aggression are recorded. First, one of three pos-
sible “setting events,” that is, environmental factors which may not
directly elicit aggression themselves, but which influence the prob-
ability that this will follow an immediate antecedent (Wahler and
Fox, 1981; McGill, Teer, Rye and Hughes, 2003.) These are num-
bered from 1-3 with “1” representing aggression took place within
a structured activity, for example, a formal rehabilitation session,
“2” the environment was judged to have been noisy at the time of
the incident and “3” seizure activity had taken place 24 hours or less
beforehand. Second, the immediate antecedent observed to directly
precede aggressive behavior is recorded. Fifteen are defined within
the OAS-MNR numbered “11” to “25.” For example, “11” is “given
direct verbal prompt to comply with instruction.” If no obvious an-
tecedent was observed then “24” is recorded. If any antecedent that
is not defined within the scale is observed “25” is used and a brief
description of the action that occurred is recorded by the observer.
The final recording to be made concerns the intervention used to
manage aggression. Fourteen are described in the scale, each
being designated by a letter of the alphabet from A-N. In addition
to the eleven interventions described in the original OAS by Yud-
ofsky et al (1986), three more were added to include strategies
used in neurobehavioral rehabilitation. Thirteen of the interven-
tion strategies describe discrete action taken by staff in order to
manage an aggressive incident, for example, “seclusion.” The re-
maining category is that of “other.” If an intervention is employed
that is not described in the OAS-MNR, then the letter for “other”
(N) is recorded on the scale and a brief written description of ac-
tion taken.

Using the tool, a set of codes can be used as a shorthand means of
capturing objective detail regarding potentially complex sequences
of behavior. For example, “1, 11, VA3, A” reflects the presence of
a possible setting event (1 – “structured activity,”) that the imme-
diate antecedent was that the patient had been “given a direct ver-
bal prompt to comply with an instruction” (11), which had resulted
in verbal aggression rated as severe (VA3 – “swearing, moderate
threats clearly person directed at others or self,”) that had been
managed using an intervention that minimized the likelihood of
reinforcing that behavior (A – “behavior ignored or ‘played down’
completely.”)

In addition to recording information about aggression, Alderman
and his colleagues (1997) proposed a means of quantifying the in-
trusiveness of interventions. These were produced by asking a
group of 20 clinicians to independently rate 12 of the interventions
in rank order of intrusiveness. The mean ranking was then as-
signed to each of these as an indicator of how invasive it is, using
a conceptual framework that advocated behavior should be man-
aged using the least restrictive or intrusive means possible. As a
result, the least intrusive method is “behavior ignored or ‘played
down’ completely” which is assigned a rating of 1, while the most

ISB and Aggression in Neurobehavioral Rehabilitation
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invasive means of managing aggression is that of “immediate
medication given by injection” which is rated 12. Alderman et al
(1997) also advocated adopting the method described in relation
to the OAS by Kay, Wolkenfield and Murrill (1988) which further
differentiates between the different types of aggressive behavior
by weighting severity. Using this scheme, verbal aggression rat-
ings remain unchanged (1-4) as this category is seen as the least
severe. However, severity ratings for other types are multiplied by
two, three or four for physical aggression against objects, self and
others, respectively. Quantifying the intrusiveness of interventions
and weighting severity of aggression by distinguishing between
the different types creates further outputs from the scale that can
be studied. For example, with regard to clinical outcome, reduction
in intervention intrusiveness and weighted severity scores over
time can also be used along with a decrease in the frequency of
aggression as markers of progress.

All of the codes and descriptors for the components of the OAS-
MNR are defined on one side of A4 paper. A separate recording
sheet enables these to be systematically documented, as in the pre-
ceding example (contact the corresponding author for the most re-
cent versions of these.) Staff should receive training in the use of
the scale. In our service it is routinely employed with the expec-
tation that all behavior observed that fits the written descriptions
of aggression is recorded, irrespective of staff beliefs regarding
the intent of the patient in deliberately engaging in that act.

Alderman and colleagues (1997) demonstrated that the OAS-
MNR had good inter-rater reliability with weighted Kappa values
in excess of .90 (see also Giles and Mohr, 2007) and good con-
vergent validity as evidenced through moderate correlations be-
tween weighted severity and intrusiveness intervention.

The OAS-MNR has been widely used and successfully employed
in clinical work, research, outcome measurement and service eval-
uation (Alderman, Davies, Jones and McDonnell, 1999; Alder-
man, Bentley and Dawson, 1999; Watson, Rutterford, Shortland,
Williamson and Alderman, 2001; Alderman, 2003.)

thE sasBa

Because the conceptual and practical issues surrounding the def-
inition and measurement of ISB mirrored those regarding aggres-
sion that led to the development of the OAS-MNR, Knight and
her colleagues proposed a new behavior observation tool–the St
Andrew’s Sexual Behavior Assessment (SASBA: Knight et al,
2008) scale to measure ISB in inpatient settings for people with
ABI or progressive neurological conditions. The SASBA was de-
veloped directly from, and designed to work together with, the
OAS-MNR. It parallels the OAS-MNR in enabling information
about four categories of ISB to be captured. These were evolved
from the conceptual framework proposed by Johnson and her col-

leagues (2006), together with clinicians accounts of behavior they
had encountered of this type. The first category of ISB is “verbal
comments” (VC) which includes remarks about intimate body
parts and sexual acts. The second encompasses a range of “non-
contact” (NC) behaviors, such as making obscene gestures. The
third category is “exposure” (E) in which genitals or female breasts
are exposed, or the individual is observed to masturbate in public.
The final class of ISB captured by the SASBA is that of “touching
others” (TO) which includes kissing or stroking other people. As
with the OAS-MNR, each category of ISB is rated regarding
severity on a four-point scale ranging from “1” (mild) to “4” (very
severe) using written criteria to facilitate accuracy and inter-rater
reliability. For example, mild “verbal comments” of a sexual na-
ture (rated 1) are described as “intimate personal comments of
mild severity such as ‘Have you got a girlfriend?’, ‘I love you,’
‘You’re gorgeous.’” Similarly, the most severe form that “touching
others” takes as defined on the SASBA (rated 4) is “touching oth-
ers groin, female breasts, or rubbing own genitals or female’s
breast against another person.”

All the additional information embedded in the OAS-MNR, in-
cluding setting events, antecedents and interventions, are also in-
cluded in the SASBA. Similarly to aggression, a set of codes can
be used as a shorthand means of capturing detailed information
regarding ISB. For example, “2, 14, TO2, B” mirrors that the be-
havior (“kissing another person” – TO2) may be associated with
a potential setting event (2 – “noisy environment”), that it occurred
as a direct response to another patients verbal behavior (14), and
that it had been managed through verbal prompting (B – “talking
to patient including prompts.”)

The necessary documentation to enable the scale to be used was
also developed and a program to train staff in its use was imple-
mented. Again, there was an expectation that all behavior em-
braced by the SASBA, irrespective of staff beliefs regarding intent,
was recorded.

The same methods for weighting the intrusiveness of interventions
used to manage aggression and severity of behavior were also em-
ployed. Clinicians were asked to rank in order the four categories
of ISB from least to most severe, and the mean rankings were used
for the purpose of further weighting severity. Verbal comments
were seen as the mildest class of behavior; consequently, the rat-
ings from 1-4 remain unchanged. However, severity ratings for
non-contact behaviors are multiplied by two and those for expo-
sure by three. Touching others was ranked as the most severe form
of ISB captured by the SASBA and as a consequence severity rat-
ings are multiplied by four in order to convey this.

The SASBA has good convergent validity as determined through
consistency in staff rankings of the perceived relative severity of

Alderman, Knight and Birkett-Swan
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the various ISB categories and the verbal descriptors of severity
within each of these. It also has good face and content validity re-
flected in staff ratings regarding how well it reflects behaviors en-
countered in clinical settings, the likelihood they would use it and
a concerns vs. benefits analysis. Inter-rater reliability for the var-
ious components of the SASBA was evaluated using weighted
Kappa and the intraclass correlation coefficient and found to range
from “acceptable” to “almost perfect.” Repeat rating of the same
12 video enactments of ISB after four weeks by three observers
using the SASBA also showed that test-retest reliability was sat-
isfactory with very little difference between weighted Kappa and
intraclass correlation coefficients evident.

Knight and her colleagues concluded that they had succeeded in
their aim of developing a standardized recording instrument which
has good psychometric properties that is suitable for the measure-
ment and assessment of ISB in people with PNC and ABI within
inpatient settings. They also anticipated that while the SASBA had
been primarily evolved for use with these populations that it would
be applicable to other clinical groups where it can be employed to
meaningfully contribute to formulations regarding ISB, interven-
tion design and outcome measurement. Finally, Knight and her
team proposed that the SASBA has the potential to mirror what
has been achieved using the OAS-MNR to date regarding aggres-
sion in clinical work, audit, service evaluation and research within
ABI inpatient settings. Furthermore, they suggested that future in-
vestigations using the SASBA will help determine its usefulness
within an area that has been relatively neglected, but which con-
tinues to challenge rehabilitation services.

Some limited SASBA data was reported by Knight and colleagues
as part of the validation work undertaken regarding this tool
(2008.) It included ten weeks of recordings collected from an in-
patient neurobehavioral unit of 14 beds. Six of the 14 ABI patients
exhibited ISB, with 85 incidents recorded in total. All four cate-
gories of behavior defined by the scale were observed. “Verbal
comments” were observed most frequently.

In this paper, analysis of SASBA data from a larger group over a
longer period of time will be described in order to further explore
the usefulness of the tool and to begin the process of establishing
the principal characteristics of ISB among people with ABI. Com-
patible studies examining prevalence and characteristics of ag-
gression have been previously reported (Alderman et al 2002;
Alderman, 2007.) People admitted into neurobehavioral services
typically exhibit levels of challenging behavior that exclude them
from other rehabilitation settings and the community. These in-
vestigations provided detailed insight for the first time regarding
the nature of aggressive behavior exhibited by this very challeng-
ing group of ABI survivors. It is proposed to employ the SASBA
to undertake a similar survey with regard to ISB which has not

been reported to date in the literature. Data collected from both
the OAS-MNR and SASBA will also be compared to begin to as-
certain if ISB is as prevalent as aggression amongst people admit-
ted into neurobehavioral services.

Data harvested from clinical records over a three-month period
will be examined in order to try and answer three questions that
will enable the issues highlighted above to be explored. First, how
useful is the SASBA? Second, what are the characteristics of ISB
amongst people with ABI admitted into neurobehavioral rehabil-
itation services? Finally, is ISB as prevalent as aggressive behav-
ior? In addition, further information resulting from the analysis of
data regarding the validity and reliability of both the SASBA and
OAS-MNR will be described.

mEthod

The National Brain Injury Centre, based in the Kemsley Unit at
St Andrew’s Healthcare, Northampton, UK, has pioneered the de-
velopment of neurobehavioral rehabilitation services since 1979.
Admissions typically present exhibit behavior severe enough to
impede progress within neurorehabilitation services or mainte-
nance in the community. There are separate gender care pathways
for men and women who require intensive neurobehavioral reha-
bilitation, and services for those with longer-term needs, both in
hospital and community settings. The neurobehavioral treatment
program developed within the service over the past 30 years has
been comprehensively described in the literature (Alderman, 2001;
Wood, 1987; Eames and Wood, 1985.)

Recordings regarding patients’ behavior are routinely collected
from the point of admission onwards using the OAS-MNR and
SASBA. These scales are used to facilitate identification of chal-
lenging behaviors that require intervention, formulation, program
design, outcome measurement and service evaluation. All staff
within the service are trained to use both tools.

For the purpose of this study, a survey of all OAS-MNR and
SASBA recordings made over a randomly allotted three-month
period was explored. Recordings were compiled into an anony-
mous database and investigated using SPSS v16.

ParticiPants

Ninety one patients with acquired brain injury, aged between 18-
64, were resident within the service. Most were male–69 patients,
comprising 75.8 percent total–and the majority presented with se-
vere closed head injury as classified using either duration of post-
traumatic amnesia or the Glasgow Coma Scale.

rEsUlts

Frequency, classification and severity of ISB observed. Over three
months, 699 recordings were made on the SASBA. Only three



frequency Percentage mean weighted

severity

sd

Verbal comments 333 47.6 1.64 1.26

non-contact 167 23.9 2.25 0.85

Exposure 37 5.3 7.81 3.76

touching others 162 23.3 7.12 3.82
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Table 1
Frequency and weighted severity of inappropriate sexual behavior by type

Figure 1. Type and severity of ISB.

Figure 1 shows that within each category of ISB most behaviors
were recorded as “mild” in severity. However, Table 1 demonstrates
that  “touching others” and “exposure” were rated overall as more
severe than both “verbal comments” and “non contact” behaviors
(mean weighted severity = 7.12, 7.81 vs.1.64, 2.25 respectively.)

Setting eventS and antecedentS to iSB

Table 2 suggests that only one of the three potential setting

events may contribute to ISB. Little of this behavior was
observed when the environment was noisy, or within 24
hours of seizure activity. In contrast, nearly three-quarters
of behavior recorded occurred when patients were not en-
gaged in formal rehabilitation sessions. A greater propor-
tion of ISB took place at these times (chi-square = 143.1,
p<.001.) This also proved to be the case for each of the four
categories of ISB.

Alderman, Knight and Birkett-Swan

were attributable to females. Table 1 shows the frequency and mean
weighted severity of each category of behavior. Recordings clearly
show they were not observed to occur with similar frequency (chi-

square = 253.2, p<.001.) “Verbal comments” were most prevalent
accounting for nearly half the incidents, while “exposure” was least
numerous, amounting to just five percent of the total.



frequency Percentage

contributing factors

Structured activity 191 27.4

Noisy environment 17 2.4

Epileptic fit in last 24 hours 1 0.1

immediate antecedants

No obvious antecedants 446 64.3

Other verbal interaction 125 18.0

Direct verbal promt to comply with instruction 37 5.3

Other 37 5.3

Given verbal/visual feedback 15 2.2

Agitated/distressed 11 1.6

Verbal guidance/advice 7 1.0

Purposeful behavior ignored or “played down” 7 1.0

Request denied 4 0.6

Physical guidance/facilitation 3 0.4

Given item 2 0.3

Table 2
Contributing factos and immediate antecedents to ISB
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Immediate antecedents to behavior are also shown in Table
2. While 11 of the 15 available were observed, the majority
of the 699 events–82.3 percent–were associated with only
two. Eighteen percent of the incidents were preceded by
staff verbally engaging patients that did not include prompt-
ing to comply with an instruction, being given specific feed-
back, advice, or denying requests. These were also

associated with onset of ISB, but to a much smaller extent,
making up nine percent of the total. “Other verbal interac-
tion” thus captures communication that is characteristic of
more general social exchanges. However, Table 2 clearly
shows the majority of ISB did not have any obvious an-
tecedent at all, accounting for well over half of all behavior
captured (64.3 percent.)



rehabilitation sessions

% Yes No Observed
ratio

Chi-square p Expectations

Verbal comments 86 247 77.84 <.001 other times

Antecedents

none 53.5 31 146 1:4.71 8.69 .003 other times

other verbal interaction 25.4 30 54 1:1.80 2.92 ns –

Interventions

ignored, played down 75.8 60 187 1:3.12 1.12 ns –

talked to patient 15.6 18 33 1:1.83 1.60 ns –

non-contact 48 119 30.19 <.001 other times

Antecedents

none 82.5 35 102 1:2.91 0.24 ns –

Interventions

ignored, played down 80.5 39 93 1:2.38 0.31 ns –

talked to patient 14.0 8 15 1:1.88 0.63 ns –
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Table 2 suggests that time spent in less-structured activities
may constitute a setting event that increases the likelihood
that immediate antecedents play a role in the function of ISB.
In order to investigate how different levels of expectation in-
fluence behavior, the frequency of the four ISB categories,

both in and out of rehabilitation sessions, was examined.
Table 3 shows the principal antecedents and interventions
recorded. These were chosen since they accounted for 10 per-
cent or more of the total recordings made for each category
of behavior.

Table 3
Effect of expectations (participating in formal rehabilitation sessions vs. other times) on the frequency of ISB, 

antecedents and interventions (10 percent or more)



% Yes No Observed
ratio

Chi-square p Expectations

touching others 48 114 26.89 <.001 other times

Antecedents

none 65.4 21 85 1:4.05 3.07 ns –

other verbal interaction 17.9 10 19 1:0.90 0.72 ns –

Interventions

ignored, played down 59.1 27 67 1:2.48 0.08 ns –

talked to patient 35.8 18 39 1:2.17 0.50 ns –

Exposure 9 27 9.00 .003 other times

Antecedents

none 72.2 7 102 1:2.71 0.00 ns –

Interventions

ignored, played down 52.8 3 93 1:5.33 1.29 ns –

talked to patient 47.2 6 15 1:8.33 0.53 ns –

Table 3 continued
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The chi-square test was used to determine whether antecedents
were more or less likely to be associated with ISB, in or out of
rehabilitation sessions. Because ISB was less frequent in ses-
sions, an expected value of 1:2.65 (the actual ratio of behavior
that was observed in rehabilitation vs. other times) was used for
the calculation. Table 3 shows the observed ratio of ISB for each
antecedent within the four behavior categories. While all these
were more prevalent at times other than in rehabilitation, only
one antecedent was found to have a specific effect. Paradoxi-
cally, this was “no identifiable antecedent.” Sexually inappro-

priate “verbal comments” occurred most often outside the con-
text of rehabilitation sessions and in the absence of any imme-
diate observable event. ISB taking place in the absence of any
overt antecedent was also characteristic of the other three cate-
gories of behavior too, but unlike “verbal comments” there was
no particular relationship with expectations.

interventionS uSed to manage iSB

Those interventions employed in the management of ISB and
their frequency are shown in Table 4.
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frequency Percentage intrusiveness (1-11)

ignored, played down 492 70.4 1

talked to patient 148 21.2 3

special program 40 5.7 4

other 16 2.3 –

Physical distraction 2 0.3 5

Physical restraint 1 0.1 7

Table 4
Interventions used to manage ISB

Six of the 14 interventions from the SASBA were recorded.
The most frequent was ignoring or “playing down” ISB, which
accounted for nearly three-quarters of all events. This response
is also ranked as the least intrusive strategy available to man-
age behavior. The second most frequently employed method
was that of talking to patients, accounting for over 21 percent
of recordings. Responses to the remaining eight percent of
events comprised a mixture of low-intrusive methods, such as
distraction. The most invasive strategy used was that of physi-
cal restraint (ranked 7/11) which was employed on one occa-
sion to manage an incident of “touching others,” the most
distressing SASBA category, that was rated as “severe.” Table
5 shows the main interventions used to manage each cate-
gory of ISB. For clarity, only those accounting for 10 per-
cent or more of recordings are shown. For each behavior
category the same two methods were utilized. Ignoring or
playing down ISB was most frequent, and talking to pa-
tients second most frequent. A notable finding, however,
was that downplaying ISB was employed less frequently
with the more severe categories of ISB. A direct verbal re-
sponse to behavior was used more often in the manage-
ment of “exposure” (47 percent) and “touching others” (36
percent) than proved necessary regarding “verbal com-
ments” (16 percent) and “non-contact” behaviors (14 per-
cent.) Furthermore, there was a significant correlation
between severity of ISB and the intrusiveness of interven-

tions required to manage them (.86, p<.001.) However,
Figure 1 suggests this high correlation may be an evidence
of the fact that most ISB is relatively benign. While a few
events were rated as “severe” (10.2 percent) and “very se-
vere” (9.9 percent,) the majority were classified as “mild”
(71 percent.) The magnitude of the correlation reflects that
generally low levels of severity of behavior were managed
using proportionately appropriate interventions.

Finally, with regard to any contribution of expectations on ei-
ther severity or management of ISB, Table 3 suggests that in-
terventions were not determined by whether behaviors
occurred within rehabilitation sessions or at other times. In ad-
dition, the intrusiveness of interventions used for any of the
four categories of ISB did not differ regardless of the context
in which behavior occurred. The only finding of note was that
“exposure” was rated as more severe when this took place in
rehabilitation sessions (U = 54.5, Z = -2.57, p = .012.) How-
ever, this should be interpreted with caution as it occurred rel-
atively infrequently compared to the other ISB categories (37.)

iSB and aggreSSion

OAS-MNR recordings were also made throughout the same
three-month period. This data enabled a comparison to be
made regarding the relative frequency and characteristics of
ISB and aggression.

Alderman, Knight and Birkett-Swan
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OAS-MNR outputs broadly mirrored those reported previously
(Alderman, Knight and Henman, 2002; Alderman, 2007.) Ag-
gression was frequent with a total of 9,804 events recorded.
Consistent with previous studies, most incidents were labelled
as verbal aggression (62.9 percent) and a significant minority
consisted of physical assaults against other people (2,040 inci-
dents, 20.8 percent of total.) A greater range of antecedents
were noted to precede aggressive behavior than ISB (15 vs. 11)
which included being given a verbal prompt (19.2 percent
events) and being agitated and distressed (21.9 percent.) As
was the case with ISB, “no antecedent” was most prevalent but
the proportion of events this accounted for was far lower for
aggression (28.8 percent vs. 64.3 percent respectively.) A wider
array of interventions was deployed to manage aggressive be-
havior (13 vs. 6.) The least intrusive means of responding, ig-
noring or downplaying behavior, was the principal method used
for both aggression (71.8 percent) and ISB (70.4 percent.)
Physical restraint was used more frequently in the management
of physical assaults on other people (10 percent.)

In contrast to ISB and consistent with previous reported findings,
expectations were found to have a more causal role regarding
aggressive behavior. For example, there was an association be-
tween verbal prompts and increased prevalence of all categories

of aggression in rehabilitation sessions. Similarly, agitation or
distress was a characteristic precursor of aggressive behavior ob-
served when expectations were lower. Expectations also ap-
peared to more widely influence other aspects of aggression than
was found with ISB. For example, physical assaults against oth-
ers were rated as more severe when these occurred outside the
context of rehabilitation sessions, and also required more intru-
sive means of management.

With regard to gender, it will be recalled that only a very small
number of ISB were attributed to females (3: 0.4 percent of the
total.) In contrast, a higher proportion of behaviors were recorded
for aggression in females (1165: 11.9 percent of the total.) Inter-
estingly, when the ratio of males to females was taken into ac-
count, aggression was more frequent amongst the latter.
However, males engaged in more severe aggressive behavior that
required more intrusive means of management.

Both this study and previous studies consistently report aggres-
sive behavior is both frequent and characteristic of admissions
into a neurobehavioral rehabilitation service. A direct compar-
ison of SASBA and OAS-MNR data will help determine
whether ISB is also likely to be routinely encountered within
such services.

Table 5 
Interventions used with 10 percent or more of recordings made within each of the four ISB categories

ISB and Aggression in Neurobehavioral Rehabilitation

category isB intervention Percentage intrusiveness (1-11)

Verbal comments Ignored, played down 75.8 1

Talked to patient 15.6 3

non-contact Ignored, played down 80.5 1

Talked to patient 14.0 3

Exposure Ignored, played down 52.8 1

Talked to patient 47.2 3

touching others Ignored, played down 59.1 1

Talked to patient 35.8 3
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Percent of Patients Summary Statistics

Type No episodes <10 episodes 10 or more Mean Median SD Range

Aggression 17.6 8.8 73.6 106.0 35 194.5 0-1043

ISB 58.2 25.3 16.5 7.6 0 25.9 0-210

Verbal 
aggression

24.2 16.5 59.3 66.2 19 126.8 0-633

Aggression
against 
objects

45.1 26.4 28.5 13.3 1 33.8 0-270

Aggression
against self

70.3 16.5 13.2 4.2 0 13.2 0-102

Agression
against 
people

31.9 37.3 30.8 22.3 3 49.8 0-249

Verbal 
commens

67.0 23.1 9.9 3.7 0 11.9 0-93

Non contact
behaviors

81.3 14.3 4.4 1.8 0 9.1 0-83

Exposure 86.8 13.2 0 0.4 0 1.2 0-6

Touching
others

70.3 26.4 3.3 1.8 0 6.6 0-52

Table 6
Distribution of aggressive behaviors and ISB amongst 91 patients

Table 6 shows the prevalence of recordings made using both
measures. Over 82 percent of the patients exhibited aggressive
behavior; most (73.6 percent of the total) had been aggressive ten
or more times. In contrast, ISB was evident in less than 42 percent
of patients and most of these had engaged in this behavior less
than ten times over three months. While the majority had been

aggressive 10 times or more, only a small minority had engaged
in ISB to a similar extent (16.5 percent of the total.)

With regard to the various categories of aggressive behavior and
ISB, Table 6 shows that verbal aggression, aggression against ob-
jects and assaults on other people were characteristic of most pa-
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categories of Behavior recorded

none 1 2 3 4

aggression 17.6 9.9 19.8 31.8 20.9

isB 58.2 13.2 13.2 6.6 7.3

Table 7
Percentage of patients whose behavior was and was not recorded on the OAS-MNR and SASBA

Figure 2. Frequency ISB by individual patient.

tients. Over half displayed verbal aggression on 10 or more oc-
casions, and a third had been physically aggressive towards ob-
jects or other people to the same extent. In contrast, Table 6 shows
the prevalence of the different types of ISB was low. Verbal com-
ments were most frequent with recordings being made for 33 per-
cent of patients, however, this was a comparatively low-frequency
behavior as most engaged in this less than 10 times over the three-
month period sampled. Similarly, non-contact behaviors and ex-
posure were prevalent in less than twenty percent. The most
severe category of ISB – touching others – was observed in nearly
30 percent of the group, but this was also occasional, not wide-
spread. Only three patients had engaged in this behavior on more
than ten occasions, although for two, the frequency was relatively
high (33 and 52.)

Table 7 gives some information regarding the frequency in which
patients engaged in one or more of the four categories of behavior
captured by both scales. This provides further evidence that ag-

gression may be characteristic of people admitted into neurobe-
havioral rehabilitation services, as over half exhibited three or all
categories of aggression defined on the OAS-MNR. The finding
that ISB is neither characteristic or prevalent amongst patients
sampled here is also confirmed in Table 7–less than half showed
any ISB, and most that did exhibited only one or two of the four
principal SASBA behavior categories. However, whilst these be-
haviors are generally uncharacteristic of patients on this occasion,
it is notable that a small number did exhibit three (six patients)
or all (seven patients) of the four categories of ISB.

Figure 2 further builds on the information presented in Table
6. The point that most patients did not demonstrate ISB, and
for those that did this was a low-frequency behavior, is re-
stated in Figure 2. However, it also makes clear that whilst
ISB cannot be claimed to be characteristic of the group as a
whole, it was a frequent event for a very small number. Two
patients accounted for nearly half the total SASBA record-
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ings, logging 115 and 210 incidents respectively (46 percent
of the total.)

Finally, data was explored to ascertain whether there was any
linear association between aggression and ISB. There was
only a modest correlation regarding frequency (.38) which
suggested that not all patients who had been aggressive had
also engaged in ISB, or vice-versa. Examination of data for
individual patients confirmed this was the case. For example,
the person with the most frequent SASBA recordings (210)
had been aggressive less often (96.) In contrast, some patients
who displayed very high levels of aggression demonstrated
little ISB (1033 vs. 48; 1043 vs. 6; 680 vs. 0.)

discUssion

In this paper, two observational rating scales were used to
capture standardized information regarding challenging be-
havior over a 12-week period among 91 patients resident in
an inpatient neurobehavioral rehabilitation facility. One of
these was a new tool, the SASBA, which builds on the psy-
chometric properties of the OAS-MNR to provide an objec-
tive means of describing ISB. 

Three specific questions were raised at the beginning of the
study. First, how useful is the SASBA? Second, what are the
characteristics of ISB amongst people with ABI admitted into
neurobehavioral rehabilitation services? Finally, is ISB as
prevalent as aggressive behavior in patients with ABI?

The first objective was to determine if the SASBA is a useful
measure to employ in neurorehabilitation services. ISB had
not previously been the subject of detailed investigation and
there was considerable variability between outputs from in-
vestigations that have been reported. Inconsistency was at-
tributed in part to different theoretical frameworks being
employed to conceptualize ISB and a lack of an appropriate
means of validly and reliably capturing information about be-
havior. One of the original goals in creating the SASBA was
to reduce sources of investigator-induced variance by creating
a tool using an operant conceptual framework of ISB which
has good psychometric properties. For example, some vari-
ance in recordings can be attributable to individual clinicians
making a judgement that behavior was or was not sexually
motivated, however, not all clinicians will necessarily per-
ceive the intent of patients identically, leading to inconsistent
datasets (Knight et al, 2008.) The question of whether or not
“intent” drives ISB is removed since recordings do not rely
on clinicians making this judgement at the time of an incident.
Instead, a decision on whether behavior was sexually moti-
vated or not is made later by the clinical team reviewing
SASBA data within a wider context that includes knowledge

of the individual’s history and other relevant information. In
this regard, generating SASBA data in this survey was useful
since behaviors shown by patients have been validly and re-
liably captured, and not influenced by perceptions of intent.
What cannot be confirmed by examining group data, how-
ever, is whether all, some or no behaviors were actually sex-
ually motivated, for example, the proportion of “exposure”
events that were accidental versus intentional. However, data
does provide an objective means of describing behavior
within a service which has clear “usefulness” for a range of
operational outputs. One might include the preparation of new
members of staff by highlighting what behaviors they might
encounter during their employment so they may be better able
to understand and manage them effectively.

The SASBA has proved useful here in enabling a detailed
snapshot to be taken for the first time regarding the charac-
teristics of ISB within a neurobehavioral rehabilitation serv-
ice. It is anticipated that future work will demonstrate its
wider applicability in the way that the OAS-MNR had done
at the different levels of clinical work, service evaluation and
research (Alderman, 2007, 2003; Alderman, Knight and Hen-
man, 2002; Swan and Alderman, 2004; Watson, Rutterford,
Shortland, Williamson and Alderman, 2001; Alderman,
Davies, Jones and McDonnell, 1999.) Group data of the kind
presented here does not show the benefits of collecting infor-
mation using the SASBA for clinical work with individual pa-
tients, particularly with regard to formulation and treatment
outcome evaluation (Alderman, 2008.)

The second question concerned the characteristics of ISB.
SASBA data from this survey has enabled a detailed, valid and
reliable profile of these behaviors to be compiled for the first
time. 

It was found that all four categories of ISB captured by the
SASBA were evident over three months. “Verbal comments”
were most frequent, but conversely rated by staff as the least
severe group of ISB. “Exposure” occurred infrequently but
along with “touching others,” received the highest severity
ratings. ISB was most prevalent when patients were not en-
gaged in rehabilitation sessions and no overt antecedent pre-
ceded the majority of incidents. As most ISB took place at
times when expectations were lower, findings may reflect a
tendency that these behaviors did not generally fulfil an es-
cape or avoidance function, unlike aggression (Alderman
2007.) Instead, ISB may provide a means by which some pa-
tients initiate contact with staff at times when reduced op-
portunities for social engagement increase the likelihood of
expression of sexual needs. Most ISB was downplayed, but
a minority elicited a verbal response which may have inter-
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mittently reinforced it. This highlights the need for staff to
review and discuss what form the intervention “talked to pa-
tient” meant, as this encompasses a variety of reactions, in-
cluding admonishment, redirection or distraction.
Discriminating between different levels of verbal response
is crucial to an accurate formulation regarding ISB and its
subsequent management.

Of course, it remains to be seen whether the ISB captured in
this survey is generally characteristic of people with ABI.
Data was captured within the context of a neurobehavioral re-
habilitation service to which people with severe challenging
behavior are referred, so it might be a reasonable expectation
that ISB may be more frequent and severe amongst this pop-
ulation than among other groups of people with ABI. This
seems to be the case with aggression. A recent study that fol-
lowed up people with ABI six, 24 and 60 months post-injury
in the community found that 25 percent at any one time had
demonstrated significant levels of aggression. While this sta-
tistic is disquieting, it nevertheless suggests that aggressive
behavior is not the norm amongst most people with ABI in
the community. In contrast, data from this study and other
studies (Alderman, 2007; Alderman, Knight and Henman,
2002) suggests that aggression is the norm among people re-
ferred to neurobehavioral rehabilitation services. The preva-
lence and characteristics of ISB within community and other
settings can now be measured using methodologies that uti-
lize the SASBA and compared to data captured within spe-
cialized services.

The last question to be considered is whether or not ISB is as
prevalent as aggressive behavior. In light of the comments
above, the comparison can only be made regarding people
with ABI in this study. Nearly 700 events were recorded over
three months, so on the basis of that figure alone, it would
seem reasonable to conclude that ISB is both frequent and
characteristic of people admitted to neurobehavioral services.

However, two points undermine the generality in this con-
clusion. First, the OAS-MNR recordings showed aggression
was much more evident, with ISB only accounting for less
than seven percent of the total behavior captured by the two
scales. Second, whilst aggression was characteristic of most
patients, ISB was not, with just two patients accounting for
nearly half the SASBA data. There was also only a modest
correlation between ISB and aggression. This finding sug-
gests that at a broad level, the two categories of behavior
have different aetiologies, such as a pre-existing forensic dis-
order or varying locations of brain lesion sites. Alternatively,
using an operant framework of explanation, lack of associa-
tion between ISB and aggression, and differences in an-

tecedents and interventions, may imply they serve different
functions – aggressive behavior that of avoidance and es-
cape, whilst ISB may primarily fulfill a social distance re-
duction function. Whilst these are generalities, SASBA data
can make a significant and valid contribution to a formula-
tion regarding ISB at the level of the individual patient (Al-
derman, 2008)

Finally, while this sample suggests ISB may be a more idio-
syncratic outcome of ABI than aggression, the adverse im-
pact it can nevertheless have on families and carers should
not be overlooked. For example, it can contribute to high
staff turnover in care settings and increase the risk of sexual
abuse of vulnerable patients (Kettl, 2008.) Consequently, it
is important to reduce anxiety, distress and risk associated
with these behaviors through education and effective man-
agement of ISB. The SASBA can play an important role in
both these, and other, activities.

fUtUrE rEsEarch

In the SASBA, a standardized, reliable and valid means of
measuring ISB within acquired and progressive neurological
impairment populations is now available. As was the case
with the OAS-MNR when it was published more than a
decade ago, availability of the SASBA has drawn attention to
the need to encourage rehabilitation and long-term care facil-
ities to utilize one measure to record ISB so that data can be
meaningfully compared between different services. In addi-
tion, services also need to be encouraged to define the sample
characteristics of populations for whom SASBA data is being
reported to further validate comparisons, especially with re-
gard to the applicability of different treatment approaches.

To better understand the prevalence and characteristics of
ISB amongst people with ABI, the SASBA needs to be uti-
lized within a wider range of settings and contexts, and the
outputs from these applications reported in the literature.

Finally, in addition to SASBA data which highlights the influ-
ence of the environment to behavior, the possible contribution
of other variables to ISB should be explored. For example, using
the OAS-MNR Alderman (2007) found that physical assaults on
other people was primarily the product of complex interactions
between the environment and individual factors, particularly
poor language function and the presence of other behavioral
symptoms of neurobehavioral disability. Clinical accounts re-
garding use of the SASBA at the level of the individual patient
are also encouraged. Increased knowledge and enhanced under-
standing of what drives ISB will undoubtedly lead to better for-
mulations and interventions to help reduce prevalence, severity,
distress and increased risk associated with these behaviors.
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EffEcts of VirtUal aVatar charactEristics on PEr-

formancE of hEalthy sUBJEcts’ training tasks

In the application of training for virtual rehabilitation, virtual avatars are used to help subjects performing exercises in
a virtual environment. Effectively, the representative characteristics of virtual avatars have a strong impact on subjects
when performing their exercises. Therefore, the selection of a suitable avatar is important. Our work aims to analyze
the effects of virtual avatar representative characteristics on the performance of a training task done by healthy subjects.
The system used consisted of a Cave Automatic Virtual Environment, a motion capture system and an avatar rendering
library called Cal3D. The developed system also captures the gesture of subjects, renders it by virtual avatars and sup-
ports a simple game of  “Ball Reaching.” By changing the representative characteristics of virtual avatars, our scenarios
enable the experimentation of two approaches. The first analyzes the effects of virtual avatar representative character-
istics on the performances of the subject playing the game “Ball Reaching.” The second measures the effect of virtual
avatar representative characteristics on the performance of the subject replicating a motion which is represented by a
virtual avatar. Based on our proposed real-time weighted Longest Common Sub-Sequence algorithm, the effect meas-
ured here is the similarity between represented motion of  a virtual avatar and motion replicated by the subject. Our
experiment shows that, for doing simple tasks, performance deviation of healthy subjects between the different types
of representative avatars isn’t considerable. However, when the tasks are complicated, types of representative avatars
have a strong impact on the performance of tasks performed by healthy subjects.

Keywords: Virtual human, Third-person View Virtual Environment, 
Motion Evaluation, Motor Rehabilitation, Virtual Rehabilitation

introdUction

Many current and potential applications for human activities
are developed through virtual reality (VR) systems involving
virtual humans or virtual avatars (VA.) Several popular appli-
cations include computer games, simulation-based training
and learning, surgery and plastic surgery performed on virtual
patients and virtual psychotherapies. Effectively, the use of
VA not only increases the natural interaction within a virtual
environment but also increases the sense of presence. The user
experiences a more natural perception of autonomous actors,
increases their sense of being together and thus enhances the
overall sense of shared presence in the environment (Thal-
mann, 1999.) Training applications for virtual rehabilitation
using virtual avatars are increasingly being used. Actually, the
purpose of using a VA in a functional rehabilitation application
is to better guide patients performing therapeutic training

tasks. In this way, the considered tasks are physical activities
aiming to rescue dysfunctional muscle. For example, video
games are played and human gestures are replicated and rep-
resented by a virtual avatar. Effectively, the representative
characteristics of avatars, such as a skeleton, 2D virtual avatar,
3D virtual avatar, viewpoint of the represented avatar (face to
face or face to back with the subject) have a strong impact on
the performance of  those tasks. In this paper, the aim is to an-
alyze those effects in choosing the most suitable avatar. It is
assumed that a VA performing well with healthy subjects will
perform well with rehabilitated subjects as well. Hence, the
experimentation could be performed with healthy subjects.

The remainder of this paper is organized as follows. Section 2
gives an overall configuration of the training-based system,
materials used as well as approached method. Section 3 de-
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scribes the proposed real-time weighted Longest Common
Sub-Sequence (rwLCSS) technique for measuring the per-
formance of replication the human gesture. Section 4 details
the protocol of experimentation of the case study. In Section
5, the result of experimentation and discussion will be pre-

sented. Finally, Section 5 concludes with a brief discussion of
the case study.

oVErall training-BasEd systEm

The system architecture is illustrated in figure 1 below.

game-based training system

Figure 1. Overall training-based system for functional rehabilitation. Top system illustrates for human
gesture learning and bottom illustrates for “Ball reaching” game learning.



The system illustrated in figure 1 consists of two parts. The first
part represents the human gesture training objective while the
second part describes the purpose of the game. Our system uses
a 6DOF infrared motion capture (MoCap) system (A.R.Track-
ing) and a Cave Automatic Virtual Environment (CAVE) in
which the users are attached by markers and their motions are
captured by an A.R.Tracking system. In the studied prototype,
four attached markers in the arms captured upper-limb motion
of users.

In the game playing system, the captured motion of  the subject
is rendered by a virtual avatar, shown at the bottom of figure 1.
The mission of the game is for the subject to control the avatar
in order to reach the multicolored balls generated by the system.
The score of  the game is the quantitative score, calculated by
the total length of reached balls. Further details concerning the
game scenario will be described in the Section 4 – Protocol of
case study.

In the human gesture training system, shown at the top of figure
1, the virtual avatar is used to render the reference motion which
is recorded and stored in a database volume. The task of the sub-
ject here is to see the avatar’s motion and to reproduce it simul-
taneously. Motion of subject is captured by A.R.Tracking and
taken into account to compare the subject motion with the refer-
ence motion in real-time. The goal of performing this task is the
similarity shown between the avatar’s motion and the subject’s
motion. In this case, the reference motion database is based on
Tai-Chi motions which are recorded by A.R.Tracking system and
are interpolated to reach the frequency of 60Hz. Tai-Chi motions
have been shown promote many health benefits and are increas-
ingly used for therapeutic purposes.

To render the avatar, the Cal3D library was used, which works
on the basic of H-ANIM 1.1 (Aristidou et al., 2008) human
skeleton standard. H-ANIM 1.1 defines the human body as a
number of segments such as the forearm, hand and foot con-
nected to each other by joints such as the elbow, wrist and ankle.
Each joint in the body is represented by a joint node used to de-
fine the relationship of each body segment to its immediate par-
ent. In this case, a joint is represented by an axis-angle as: P(x,
y, z, w) or P(w1, w2, w3, 1) in a more compact representation,
where w1 = x.w, w2 = y.w, w3 = z.w. For measuring the similar-
ity between two motions, a needed distance between two joints
represented in axis-angles is defined as follows (Cardle, 2004):

d(P1,P2)=Σ(w1
i-w

2
i)

2

Effectively, each type of joint has a different influence on the
human animation. Definition for the weights for each joint was
done manually after calculating the distance between them. Be-

cause of more influence, parent joints are more weighted than
child joints in general. This problem will be recalled in the sec-
tion of explaining the real-time wLCSS.

Having defined the joint representation, it is then possible to de-
fine the motion or animation in the case as follows. An animation
is a sequence of key-frames and a key-frame is defined as a set
of position and orientation values of human skeleton joints. A
general formula of animation Q which includes m key-frames
of D-joints can be described as follows:

Q={(q1
0,q

2
0,...,q

D
0},(q1

1,q
2
1,...,q

D
1),...,(q

1
m,q2

m,...,qD
m)}

In our case, the number of joints D = 4 (number of attached
markers in user’s upper-limbs) and m is temporal length or di-
mension of animation.

As described above, the goal of the subject to reproduce the ref-
erence motion rendered by virtual avatar. The captured motion
of subject in represented in real-time. In reality, because the fre-
quency of training progress can be different from 60Hz (the stan-
dard frequency of  reference motion), there is a need to
synchronize the frame of reference motion with the frame of sub-
ject motion. To do that, there was a need to calculate the time to
render a virtual scene and then use it to indicate correct key-
frame of reference motion which is rendered in the virtual scene.
Besides, in real-time training, motion of the subject always starts
later than the motion of the avatar. Accordingly, the evaluation
progress is finished when the temporal length of the trainee’s
motion is equal to the temporal length of the virtual avatar. Sim-
ilarity between the two motions is rendered by an indication of
the percentage of similarity. More detail about this similarity will
be explained in the next section.

rEal-timE WEightEd longEst common sUB-sEQUEncE

(rWlcss)

The proposed rwLCSS algorithm is based on the wLCSS
technique which is widely used to solve the time-series data
matching problem. Therefore, it is important to review the
related works for time-series data matching techniques to ex-
plain the reason the LCSS-based technique was used. Time-
series data matching is a part of data mining in very large
database (VLDB) domain. To solve the time-series data
matching problem, there are many proposed methods divided
by two main approaches– the Model-based approach such as
Hidden Markov Model (HMM), Neural Network (NN), Sup-
port Vector Machine (SVM), Bayesian Network (BN) and
Distance function-based approach which is discriminated in
two sub-approaches, in which the first one is called the Met-
ric functions such as Euclidean distance, Manhattan distance
or Normal distance and the second one is called the non-met-
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ric functions such as weighted Dynamic Time Wrapping
(qDTW), wLCSS, Edit distance with Real Penalty (ERP),
Edit Distance on Real sequence (EDR) and Spatial Assem-
bling Distance (SpADe.) Recalled in this case is the result
of the experimental work done by Keogh et al., 2002, which
aimed to compare performances between two approaches–
the model-based algorithm and the distance function based
algorithm. This work has shown that the performance of the
second approach is much better than with the first one, for
both accuracy and computational cost. Moreover, work of
Ding et al., 2008, performs a comparison of the major tech-
niques of distance function-based approaches by testing their
effectiveness on 38 time series data sets from a wide variety
of application domains (Ding et al., 2008.) Experimental re-
sults obtained show that, in over a dozen distance measures
of similarity among time series data in the literature,
weighted Longest Common Sub- Sequence (wLCSS) (M.
Vlachos et al., 2002; André-Jonsson et al., 1997; Vlachos et
al., 2006) and weighted Dynamic Time Wrapping (wDTW )
(Keogh et al., 2002;Keogh et al., 2005) are slightly better
than the others methods for obtaining accurate measure-

ments. Moreover, on large data sets, the computation cost of
LCSS and DTW is very close to the Euclidean distance al-
gorithm. 

In reality, wLCSS and wDTW are the most popular techniques
used in time-series data matching applications. However, in this
case, work was done with motion capture (MoCap) data which
is a type of time-series data. MoCap data is captured by record-
ing the positions of the markers during the motion. Unlike other
types of time-series data, such as stock and weather, MoCap
data usually has many outliers and noises mainly due to sensor
failures, disturbance signals or errors in detection technique. By
their characteristics, MoCap data consists of different sampling
rates of tracking and recording devices combined with different
speeds of moving objects. Therefore, a distance function that
can address the following issues is used (Vlachos et al., 2002):

– Different sampling rates or different speed
– Different data lengths
– Capability of ignoring the outliers
– Robustness to noise

Figure 2. A comparison between wDTW and wLCSS techniques (Vlachos, et al., 2002.)

Practically, the wDTW technique performs on all items of a
MoCap data sequence so wDTW is not capable of ignoring
outliers. Furthermore, this technique is sensitive to noise.
The LCSS technique has already been applied to address
these problems (Vlachos, 2006.) Effectively, some works
have shown that LCSS is more robust and appropriate when
comparing distance measure for MoCap data than DTW
(Croitoru et al., 2005.) The figure 2 shown above displays a
comparison between wDTW and wLCSS techniques. Ac-

cordingly, wLCSS is the basic distance to propose a real-
time function which is used in the system and the proposed
method is noted real-time wLCSS or rwLCSS in reduction.

The standard of LCSS (Cardle, 2004) over two multi-di-
mensional time-series motions Q (query or reference mo-
tion) and C (candidate or replicated motion) with temporal
length of n and m, respectively, is defined recursively as
follows:

Effects of Virtual Avatar Characteristics on Performance
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The temporal and spatial complexity of the LCSS model are in the order of O( d (n+m)) with a constant matching window d and
O(max(m,n)), respectively (Cardle, 2004; André-Jonsson et al., 1997; Vlachos et al.,2006.)

In this case of motion matching, each key-frame is a multi-dimensional time-series in which D is the number of joints to match over.
Due to the weight or the priority of joints discussed above, instead of using LCSS, wLCSS was used. Practically, wLCSS is the LCSS
case when the definition is a different spatial threshold e for each joint. The more weighted joints will be defined with less value of
e and vice-versa. Hence, the assignment of weights for each joint is equivalent to assign the spatial threshold in LCSS model. The
final similarity between two time-series motions is defined as:

Based on wLCSS, a real-time rwLCSS model was proposed. Qt is the subsequence of reference motion from begin to time instant
t, ct is key-frame of trainee’s motion at time instant t and rwLCSS(Qt, ct) is a function of the longest common subsequence between
Qt and ct. The rwLCSS(Qt, ct) is defined recursively as follows:

Shown here, n is the temporal length of Q at time instant t. Effectively, the temporal and spatial complexity of rwLCSS
model are in the order of O( d ) with a constant matching window d and O(n) with the dimension of reference motion n, re-
spectively. Accordingly, the real-time similarity between Qt and ct is defined as follows:
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Protocol of casE stUdy

The case study consisted of two parts–one for the game-based ex-
periment and the other for a human gesture learning based exper-
iment. In this section, the experimental protocol of the case study
is explained in detail.

As described in the introduction section above, both the game-
based experiment and the human gesture training based experi-

ment are performed with a set of five representative characteristics
of virtual avatars. These are shown by three types of represented
avatars and two of types of avatars from representation viewpoints.
It is considered the skeleton avatar is the same for both of the
viewpoints. The following table illustrates the different conditions
used for the experiments. The (L-R) notation in the image illus-
trates Face-to-Face mode while (R-L) notation illustrates Face-to-
Back mode between the virtual avatar and the trainee.

Table 1
Five combinations of representative virtual avatar considered to study

Effects of Virtual Avatar Characteristics on Performance

ParticiPantS

Nine participants aged from 22-43 years old (mean 30.4 ÷
6.9 ) participated in the case study. The participants were
made up of a sample of healthy staffs member at the Insti-
tute. All participants were familiar with virtual reality tech-
nology and all tests were carried out at the MOVE system
of the Institute. Effectively, each participant performed 40
tests of human gesture training and six tests of game-based
learning.

“Ball reaching” game Playing exPeriment

The size of the MOVE system used was a height of 300 cm, a
width of  300 cm and 300 cm deep. The normalization resolution
of the front screen was a 150 * 150 unit called graphical point
(GP.) Due to the equivalence between the size of real room and
the size of the virtual room where the virtual avatar was ren-
dered, the size of virtual room here is defined as150 * 150 * 150
GP in which 150 GP is equivalent with 300cm. The MOVE
structure and coordinate system are shown in figure 3 as below.
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In the exercise performed, the participant had to reach 48 multi-
colored, multi-radius (r) and multi-velocity (v) balls divided uni-
formly by four levels of complexity–group of slow-moving,
large balls (10 < r < 15 GP, 20 < v < 70 GP/s) – level 1, group of
slow-moving, small balls (5 < r < 10 GP, 20 < v < 70 GP/s) –
level 2, group of fast-moving, large balls (10 < r < 15 GP, 70 <

v < 150 GP/s) – level 3 and group of fast-moving, small balls (5
< r < 10 GP, 70 < v < 150 GP/s) – level 4.

The complexity of divided levels here is only our intuitiveness.
Practically, forty-eight balls are launched in random order for
each time the trainee plays the game.

Figure 3. MOVE structure (left image) and coordinate system (right image) of our approached system.

The scenario of the game is described as follows. At any instant,
the system generates one ball from the initial position on the vir-
tual front wall with radius of R and velocity vector 
V(0,0,z > 0 )r. Due to the initial parameters of V, it is known that
the ball will move along the Z axis with the initial state from the
front wall to the back wall in the virtual room. During the motion,
if the ball comes into contact with the front or back wall, it will
continue in the opposite direction. The purpose of the trainee is
to control the upper-limbs of  the chosen avatar in order to reach
the ball. The next ball is only generated when the previous one is
reached. The quantitative score is calculated by the length the
balls have traveled when they are reached with an accuracy of
1GP. Upper-limbs only were studied, therefore, to ensure that all
the balls are reachable, balls were only generated in a limited zone
composed by two circles made by the upper-limbs. Figure 4
shown above illustrates the limited zone in a light green color. In
addition, to allow right-handed and left-handed players success-
fully reach the balls, the generated balls were distributed uni-
formly in all four sub-zones noted in figure 4. Hence, each
sub-zone contained 12 balls at four levels of complexity.

tai-chi geSture training exPeriment

Most Tai-Chi motions consist of eight gestures divided intuitively
into two mains groups–the slow and simple gestures and the
faster, more complex gesture group. The simple Tai-Chi group
includes five motions while the more complicated group includes
three motions. Several examples of Tai-Chi gestures are shown
in figure 5 and figure 6 below.

Nguyen, Merienne and Martinez

Figure 4. Limited zone to generate the reachable balls
and uniform distribution of generated balls.
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Figure 5. Example of slow and simple Tai-Chi motions in 3D human avatar representation.

Figure 6. Example of more complex Tai-Chi motions in high velocity in 3D human avatar representation.

Five avatar representations and eight Tai-Chi motions result in
40 pairs of avatar types and motion samples. Hence, the trainee
performed the experiment in a random order consisting of this
set of 40 pairs. Effectively, the task of the participants was to
view the avatar’s motion, which was rendered in the CAVE
room, and to reproduce it simultaneously. The task was accom-
plished when the reference motion finished. The percentage of
similarity between the two motions was measured by rwLCSS
in which the spatial thresholds of 10 degrees and 20 degrees for
upper-arm joints and lower-arm joints, respectively, were chosen
manually. Practically, the performance of doing this task was up-
dated and illustrated on the front screen of MOVE in real-time.
To analyze the results, the final performance of the training test
was taken into account.

rEsUlt & discUssion

Performance of Playing the game of “Ball reaching”

Using the obtained length each ball was driven, we summed the

totals of 48 balls, resulting in a classification in four different
levels of complexity, which each ball can fit into. Thus, these
values are considered to illustrate the performance of each rep-
resentation avatar in the ball-reaching task with a lower perform-
ance correlating to a longer length. Figures 7, 8, 9 and 10, shown
below, illustrate the performances reaching the balls in graphs
illustrating the four levels of complexity. Level 1 (slow and big
ball) and level 2 (slow and small ball) are shown in figures 7 and
8, respectively, while level 3 (fast and big ball) and level 4 (fast
and small ball) are shown in figures 9 and 10, respectively. Five
of the representative avatars (Skeleton, Face-to-Face 2D human
avatar, Face-to-Back 2D Human Avatar, Face-to-Face 3D
Human Avatar and Face-to-Back 3D Human Avatar) are num-
bered from 1 to 5, respectively. In each graph, the left part illus-
trates the curves of performance of nine subjects for five types
of representative avatars and the right part of the graph illustrates
the vertical line of performance of five types of avatars for nine
subjects.
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Figure 7. Reaching ball task performance graph of level 1.

Figure 8. Reaching ball task performance graph of level 2.

Figure 9. Reaching ball task performance graph of level 3.
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From the figures, it is shown that in the cases of levels 1 and
2 containing easy-to-reach balls, the differences among per-
formance of the five representative avatars didn’t have much
meaning. Indeed, in  level 1, while subject 1 obtained the
best result using the Face-to-Back 3D virtual avatar, subject
number 3 obtained the best result using the Face-to-Back 2D
virtual avatar. In level 2, while subject number 6 obtained
the best result using the Face-to-Face 3D virtual avatar, sub-
ject number 1 obtained the best result using the skeleton
avatar. However, in cases of level 3 and 4, containing more
difficult-to-reach balls, there were significant deviations ob-
served using different representative avatars. In both cases,
the Face-to-Back 3D virtual human resulted in the best per-
formance, in which the hardest-to-reach balls in level 4
showed a quite plain classification among the five represen-
tative avatars and the skeleton avatar resulted in the worst
performance.

Performance of reProducing the tai-chi motionS:

From the final results obtained from 40 tests done using nine
subjects, an average was calculated using the performances
for five representative avatars in two levels of motions. Fig-
ures 11 and 12 shown below illustrate the performance
graphs for five types of avatars in two groups of complexity
of Tai-Chi motions–easy motions and complicated ones.

From those figures, we can see that, in both complexities of
motions, the fourth type of avatar representation (Face-to-
Face 3D virtual human) obtained the best performance. Con-
cerning the easy motions, the differences between the curves

are quite small thus, the avatar representations did not result
in a significant difference in performance. In relation to the
more complicated motions, the classification is quite clear–
the fourth type of representative avatar shows the best per-
formance while the third type (Face-to-Back 2D virtual
avatar) resulted in the worst performance in general. In order
to perform a more significant assessment, a one-way analysis
of variances (ANOVA) on those performance curves of com-
plicated motion was performed with multiple comparisons
between the representative avatars by using the Tukey Hon-
est Significant Difference (Tukey HSD) method. The result
is described in table 2 shown below.

Shown in the significant values of  table 2, the difference in per-
formance between the fourth type of representative avatar and the
other types is very significant. The significant values between the
fourth-type with the first, the second, the third and the fifth one
are 0.004; 0.031; 0.000; 0.010 and 0.047. All values are less than
p = 0.05 and their mean differences are in their 95 percent confi-
dence interval. Hence, the Face-to-Face 3D virtual human has the
best performance for reproducing the Tai-Chi motions task.

Through two experiments conducted during the case study, it
was observed that the high quality 3D virtual avatar resulted in
the best performance during both the “Reaching Ball” game task
and reproduction of the Tai-Chi motions in real-time task. While
the Face-to-Back viewpoint of the avatar representation resulted
in a better performance in the first task of playing the game, the
Face-to-Face viewpoint of the avatar representation resulted in
a better performance in the second task.

Effects of Virtual Avatar Characteristics on Performance

Figure 10. Reaching ball task performance graph of level 4.
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Figure 11. Curves of performance of reproducing the Tai-Chi motions in real-time of easy motions.

Figure 12. Curves of performance of reproducing the Tai-Chi motions in real-time of complicated motions.
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Table 2

Using one-way ANOVA for the performance of reproducing the complicated motions

Note. The mean difference is significant at the 0.05 level.
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Effectively, for performing simple tasks, performance deviation of
healthy subjects between the different types of representative
avatars isn’t considerable. But when the tasks are complicated,
types of representative avatars have a strong impact on the per-
formance subjects performing the tasks.

conclUsion

In this paper, a novel approach was proposed to analyze the effects
of virtual avatar characteristics on the performance of training tasks
executed by participants. Measurable training tasks were defined
and a technique to measure the performance of doing those tasks

was implemented. Hence, the experimental results shown here are
quantitative. Furthermore, the ANOVA technique to analyze the re-
sults was used, thus, the assessment is significant. Therefore, the
effective representative virtual avatars studied should be considered
in relation to third-person view training-based and game-based vir-
tual rehabilitation framework, in which the trainees are the patients.
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ElEctronic Pda diEtary and Physical actiVity

rEgistErs in a WEight loss trEatmEnt Program

for childrEn: a dEscriPtion of thE EtioBE 

PErsonal digital assistant systEm
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Childhood obesity is a significant health problem in western societies. Self-monitoring techniques, such as the use of
dietary and physical activity registers, are considered to be central to cognitive-behavioral weight control programs.
Traditionally, these conventional diaries have been created using pen and paper, however, this technique has several
limitations. The objective of this paper is to describe an electronic Personal Digital Assistant (PDA) system for recording
food and physical activity for the treatment of childhood obesity. The authors review the benefits and limitations of
such electronic diaries.

Keywords: Personal Digital Assistant, Ecological Momentary Assessment, Obesity, Self-report, E-Health

introdUction

Children suffering from weight-control issues and obesity are
increasingly common public health problems, and are the most
common childhood disorders in Europe (European Association
for the Study of Obesity, EASO; 2002.) According to a report
from the International Obesity Task Force (IOTF) published in
March 2005, this problem is rapidly worsening in some Euro-
pean countries, particularly in recent years. The treatment of
childhood obesity must be multidisciplinary, taking both med-
ical and psychological factors into account. As for psychological
interventions, Cognitive-Behavioral Treatments (CBT) are cur-
rently considered the treatment of choice (Gilles et al. 2008.)
CBT programs for obesity are based on the theory that instead
of forcing a patient to follow a diet forever–a therapeutic target
that is very difficult to achieve–it is more effective to attempt
to change the user’s habits, such as learning how to achieve bal-
ance in consumption. To this end, CBT programs designed to
treat obesity include components designed to promote changes
in behavioral, cognitive and emotional patterns that contribute
to obesity (Sarwer, Foster, & Wadden, 2004.) These programs
focus on modifying patients’ eating habits and physical activity
levels  (Wilson & Brownell, 2002.) The guidelines that have

proven to be the most useful from this point of view are the fol-
lowing–the use of self-register for self-evaluation and self-con-
trol (recording information about eating and physical activity),
stimulus control, psychoeducation, cognitive techniques for
changing thoughts and dysfunctional attitudes, interpersonal re-
lationships and relapse prevention.  

Self-register techniques are considered necessary for both assess-
ment and treatment phases. The goal is to evaluate behaviors in
a natural setting such as home or school. The patient is given a
paper which explains the behavior to be recorded and the condi-
tions under which it must be done. It is important that the behav-
ior is recorded immediately, in order to minimize memory bias
(Beasley, Riley, Davis & Singh, 2008.) The information obtained
allows the clinic to identify the behavior cues and the thoughts
and emotions associated with the behavior. A more accurate eval-
uation can therefore be made, and the treatment effects and the
patient’s evolution can be assessed.

For obesity, the most important targets to be self-monitored are:
information about diet and physical activity. As assessment tool,
a fundamental benefit of diary methods is that they permit the ex-
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amination of events and experiences in their natural, spontaneous
contexts (Solhan & Trull, 2007); furthermore they allow patients
to see the positive changes they are making, and to observe their
progress.. 

As a therapeutic technique, self-monitoring is central to CBT
weight control programs; some authors (Boutelle & Kirschen-
baum, 1998) believe it to be the most effective technique for help-
ing people lose weight and maintain a healthy weight (Perri,
Nezu, & Viegener, 1993.) The use of diaries promotes self-aware-
ness, thus increasing the capacity for self-control and self-regu-
lation and enhancing patient motivation and readiness for change.
Cooper, Fairburn & Hawker (2003) noted several useful functions
of the self-register technique in weight loss treatments; for exam-
ple, it helps patients make positive change by increasing their
awareness of their behavior, enhances control over eating, helps
them identify which behavior and patterns of thinking need to be
addressed, and helps the therapist and patient examine patients’
behavior, thoughts and emotions as well as cues that elicit the be-
haviors (Wilson & Vitousek, 1999.) 

The frequency of dietary self-monitoring during weight loss treat-
ments is a reliable predictor of success (Streit, Stevens, Stevens
& Rossner, 1991.) Data suggest that adult subjects lose more
weight during the weeks when they self-monitor (Helsel, Jakicic
& Otto, 2007.) In a weight loss treatment for children, Kirschen-
baum, Germann and Rich (2005) found no differences between
low and high self-monitoring groups during the treatment; how-
ever, they found significant differences in weight change over
three and six months of treatment. 

Traditionally, the use of these conventional dietary and physical
activity registers have been created using pen and paper; however,
they have several limitations including the inconvenience, and
the difficulties to record information in real time  (Burke et al,
2008.) Another important limitation is poor rates of adherence to
the treatment (Baker & Kirschenbaum, 1993; Germann,
Kirschenbaum, & Rich, 2007), which worsen over time (Burke
et al, 2005.) 

It is necessary to design more efficient methods to simplify the
process of self-monitoring and to improve the consistency and
completeness of self-reports (Helsel, Jakicic & Otto, 2007.) In-
formation and Communication Technologies (ICT) can help
achieve this goal. In recent years, new mobile technologies such
as personal digital assistants (PDAs) and mobile phones have be-
come more readily available, thus generating new interest in de-
veloping systems adapted for these tools. 

Research has indicated that the use of a PDA improves dietary
self-monitoring frequency (Stone, Shiffman, Schwartz, Broderick

& Hufford, 2002; Yon, Johnson, Harvey-Berino, Gold & Howard,
2007; Lee & Bakken, 2007.) Research also shows that electronic
diaries improve adherence to treatments (Beasley et al. (2008)
and levels of acceptability (Fowles & Gentry, 2008) over paper
diary systems. Another benefit of electronic registers for dietary
information is that nutritional feedback can be provided to the
user in real time and can be compared with daily targets for these
values; this helps shape dietary behavior (Beasley, Riley & Jean-
Mary, 2005), provides a direct measure of compliance (Bolger et
al, 2003), and improves responsiveness to users’ questions. Thus,
the system can adapt to the real time characteristics of the time,
location and mood of the user. 

In order to adapt electronic diaries for weight loss treatments for
children, certain factors need to be considered. For example, the
language and the interface must be adapted for children in order
to ensure good usability of the system; additionally, a reinforce-
ment system must be used. The objective of this paper is to de-
scribe a PDA application of an electronic diet and physical
activity register. This electronic dietary assistant is one compo-
nent of a larger e-health platform called ETIOBE that was devel-
oped as a weight loss treatment for children. The ETIOBE
platform is an intelligent e-therapy system (eTI) for the treatment
of obesity; its objective is to improve treatment adherence and
promote the mechanisms of self-control in patients, to obtain the
maintenance of achievements (reduced body weight) and to pre-
vent relapses through establishing healthy habits.

The “intelligent” aspect of ETIOBE includes sensors that allow
the clinician to obtain relevant information about the patient (con-
textual, physiological and psychological.) The system also in-
cludes various communication and information applications for
transferring, managing, and storing such information and for in-
terpreting and reacting to it. Furthermore, the applications can be
personalized and adapted in accordance with the patient’s answers
and characteristics. Technically, ETIOBE comprises three different
applications. Clinical support system (CSS) is an Internet tool that
allows the clinician to design an adapted guidelines intervention,
with the ability to adapt it according to the patient’s progress. This
platform is connected to the other platforms, which allows the cli-
nician to be aware of the patient’s progress in real time. Home sup-
port system (HSS) is a website where the child finds the tasks the
clinician has selected (including self-reports, dietary registers, and
physical activity registers.) The website also features a nutritional
and healthy lifestyle knowledge component, with the support of
several “serious games” which help the children absorb the infor-
mation. Mobile support system (MSS) is comprised of a dietary
and physical activity self-register based on PDA technology, sen-
sorization and physiological information recruitment that is con-
nected in real time to the CSS. The objective of this paper is to
describe this electronic self-monitoring application. 

Electronic PDA Dietary and Physical Activity Registers
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EtioBE PErsonal digital assistant systEm for rEgistEr-

ing diEtary and Physical actiVity information

Because the application will run on PDAs using the Windows Mo-
bile operating system, it was developed using .net technology based
on Compact Framework 3.5 for mobile devices. The Microsoft
.NET Compact Framework (.NET CF) is a version of the .NET
Framework that is designed to run on Windows CE-based
mobile/embedded devices such as PDAs, mobile phones, factory
controllers, set-top boxes, etc. The .NET Compact Framework uses
some of the same class libraries as the full .NET Framework as well
as a few libraries designed specifically for mobile devices such as
Windows CE InputPanel. However, the libraries are not exact copies
of the .NET Framework. The ones in the .NET Compact Framework
are scaled down to use less memory. The Microsoft .NET Compact
Framework 3.5 Redistributable contains the common language
runtime and class libraries built for the .NET Compact Frame-
work. In addition to version 3.5 support, it also supports applica-
tions developed for version 1.0 and 2.0. 

The .NET Compact Framework supports various programming
languages such as C#, visual Basic.NET, and C++. Our applica-
tion was written in C#.

Baños, Cebolla, Zaragoza, Botella and Alcañiz

Figure 1. Main screen.

Figure 2. Login screen.

This application allows the patient to enter personal in-
formation into the system. In this version the patient can
create two types of registers, for diet and activity.

The application starts automatically when the PDA is
turned on; this increases ease of use for children. First,
the main screen appears, which includes the logo of the
ETIOBE system and a button with the tag “self-records”
(Figure 1.) The application always remains open; there-
fore, if the PDA is set to “standby/energy saver” mode,
the main screen with the ETIOBE logo automatically
appears when the active mode is resumed. 

When users want to fill in a record, they must press the
“self-records” button. The login screen then appears, and
after completing login the user presses the exit button and
returns to the main screen of the application (Figure 2.)
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diEtary rEgistEr (see Figure 3) 
- screen a: The date and the time when food was ingested is
entered in this screen. By default, the current time is entered, but
can be modified.
- screen B: Food eaten by the user is entered in this screen. For
each type of food eaten, the amount (a piece, a glass, a dish, etc.)
and order should be entered. All of this information is stored in
a table, in which each row shows the type of food ingested (with
the amount and order.) Thus, in the same self-record entry, pa-
tients can enter more than one food eaten; for example, the first
row could be a dish of pasta and second row could be an apple.
It is possible to add and delete rows as needed.
- screen c: The social situation at the time of ingestion is se-
lected in this screen. The different possibilities are presented
as images accompanied by a short title. There are three pos-
sible situations: alone, with friends, and with parents.
- screen d: In this screen The place where the user ate the meal
is selected in this screen. As in the previous screen, the choices

are presented as images with a short title identifying each. In this
case there are five possibilities: home, kiosk, bakery, bar, and
school.
- screen E: The event preceding the meal or snack, and the
user’s thoughts prior to ingestion are entered in this screen. These
two elements are entered as text.
- screen f: The emotion experienced by the user prior to eating
is selected in this screen. The different choices are presented as
images accompanied by a short title. The five choices are: happy,
angry, greedy, sad, and calm.
After entering the data, a message indicating that everything has
been stored correctly is shown; if there is any problem, a mes-
sage indicating the mistake appears. Next, a screen with a virtual
agent or avatar appears with a message of encouragement. (The
avatar is configured by the user using a different application,
called Home Support System.) Finally the login screen again ap-
pears so that the user can fill out a new self-record or close the
application.

Electronic PDA Dietary and Physical Activity Registers

Screen A Screen B Screen C

Screen D Screen E Screen F

Figure 3. Food dietary screens.
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Physical actiVity rEgistEr (see Figure 4)
- Screen A: This screen is the same as in the case of the dietary self-
record. It contains the date and time when the activity occurred. By
default, the current time is entered, but can be modified.
- Screen B:  The activity completed and its duration are entered
in this screen. The activity is entered as text and the time can be
increased in increments of five minutes.

As in the dietary self-record, after entering the data a message
indicating that everything has been stored correctly is shown;
if there is any problem, a message indicating the mistake ap-
pears. Next, a screen with a virtual agent or avatar appears with
a message of encouragement. Finally the login screen again ap-
pears so that the user can fill out a new self-record or close the
application. 

discUssion

This paper describes a PDA system designed for registering
Dietary and Physical Activity information for the treatment of
childhood obesity; it is an important component of the
ETIOBE system. The use of self-records is fundamental in
evaluating and treating obesity. However, traditional self-
recording systems have significant limitations. Situational
constraints, lapses of motivation and memory can result in
missing reports in diary protocols (Piasecki, Hufford, Solhan
& Trull, 2007.) The use of electronic PDA diaries offer impor-
tant advantages and may enhance weigh loss treatments and
assessment of nutrition and physical activity habits in children.
They are portable and can be easily carried by participants, al-
lowing for immediate entry of food intake; this aspect is crit-
ical for children who need to have higher levels of activity.
Furthermore, the system is flexible and can be adapted to the
specific conditions of each particular user. Additionally, such
programs enable direct communication between therapists and
patients through the internet, which facilitates real time mon-
itoring. Moreover, the date and time of the self-record is ac-
cessible at all times, which offers therapists current information
on the nutritional or lifestyle habits and progress of patients. 

Another important benefit of the PDA system is that researchers
can set an alarm within the PDA to remind participants that
they should record their food intake. Alarms could reduce
measurement errors that could occur when recording food in-
take at the end of a day. This alarm system can also alert the
clinician if patients drastically reduce the number of their reg-
isters. It can be added an encouragement message system when
the registering is correctly done. The software can give feed-
back to the patient if daily objectives have been met or not met.

Another advantage is that child participants may enjoy using
a PDA to record dietary information, and may thus be more
likely to keep accurate dietary records. Although the use of
new technologies can be a barrier for older populations, the
opposite is true for children and adolescents; the use of new
technologies helps motivate them. Another advantage is that
the digital information entered into the PDA system is easier
for clinicians and researchers to share between different
databases than information written manually. Furthermore,
since participants enter their responses directly into the elec-
tronic diaries, there are fewer transcription errors and less
missing data.

Baños, Cebolla, Zaragoza, Botella and Alcañiz

Figure 4. Physical activity.

Screen A Screen B
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Like other methods, electronic diaries have both strengths and
weaknesses. Bolger, Davis, and Rafaeli (2003) have pointed out
several limitations. One is the high development cost of such
programs. Furthermore, electronic devices require maintenance
and may break or need replacement. Other minor but relevant
problems are related to the mobile device design: usually the
font sizes are small, visual contrast is not very sharp, and the
battery power of the devices does not always suffice. Further-
more, these devices are best suited for simple responses, as en-
tering open-ended responses is difficult. However, these
technical limitations are expected to lessen greatly in coming
years. Fortunately, as mobile devices increase in their capabili-
ties, their size and cost decrease (Goodwin Velicer, & Intille,
2008.) 

Further studies on the feasibility of using electronic diary in a
broader range of specific populations are needed. However, as
mobile technologies become ubiquitous, more robust, and less
expensive, new software programs to meet the needs of the cli-
nicians will be developed (Piasecki et al., 2007.) Electronic di-
aries using PDAs are likely to become routine tools in clinical
psychology. As Bolger et al. (2003), pointed out, technological
innovations are rapidly occurring, and in the near future we
might have mobile devices able to “conduct ecologically valid
research that would be minimally intrusive and maximally re-
flective of individuals’ ongoing feelings, thoughts, goals, be-
haviors, and circumstances.”

The next phase is to study such programs’ usability, analyzing

problems that can emerge in the use of the diary application by
children without health problems. Researchers must identify
problems and suggestions for improvement for electronic re-
designed registers; this will require a controlled study compar-
ing the efficiency of an electronic diary with the classical
pen-and-paper version.  This will necessitate an intra-subject
design, wherein the group of children with weight problems will
use both systems. Once the efficacy and efficiency compared to
traditional modes has been analyzed, this component will be in-
corporated into childhood weight loss treatment programs, and
the efficacy of two groups (using electronic and traditional sys-
tems) can be compared. 

It is expected that electronic PDA diaries will improve the effi-
cacy of self-recording techniques, improving their reliability
and validity, as the users will register more data with greater ac-
curacy and consistency. Furthermore the mobile electronic ver-
sion will improve adherence to these tasks, rather than allowing
users’ motivation to deteriorate over time. Advantages of PDA
recording systems are also anticipated to increase therapeutic
efficiency in childhood weight loss programs.
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introdUction

In the United States, the Asian American population of 13.5 million
individuals makes up of five percent of the United States population
(United States Census Bureau, 2005.)  Structured interviews from
population-based epidemiologic studies report 12-month depression
prevalence of 3.4 percent to 4.2 percent (Takeuchi, Chung, & Lin
et al., 1998; Hasin, Goodwin, Stinson, & Grant, 2005.)  Lifetime
depression prevalence ranges from 4.3 percent to 8.8 percent (Iwa-
masa & Hilliard, 1999; Hasin et al., 2005.)  

Treatment for depression and mental health concerns is affected by
shame and stigma beliefs among Asian Americans (Root, 1985,
Surgeon General, 2001.)  Beliefs related to shame include that the
presence of mental illness can affect the good name of a family for
generations (Tabora & Flaskerud, 1994) and that a family “loses
face” and is shamed by having a family member with mental illness
(Tabora & Flaskerud, 1997.)  Beliefs related to stigma include seek-
ing professional help for mental health concerns indicates personal
weakness, immaturity, and a lack of self-discipline (Uba, 1994.)

There are a number of variables associated with stigma beliefs for
depression and mental health concerns among Asian Americans.
Lower acculturation levels are associated with greater stigma levels
(Atkinson & Gim, 1989; Leong & Lau, 2001.)  Men have greater
stigma levels than women with regard to friends and employer
while there are no differences with regard to family (Fogel & Ford,
2005.)  With regard to age, those ages 46 to 60 years have lower

stigma levels than younger age categories with regard to stigma for
friends and employer.  However, the converse is true with regard
to family stigma where younger age is associated with higher
stigma levels for family (Fogel & Ford, 2005.)

Besides stigma concerns, Asian Americans have lower levels of treat-
ment seeking for mental health problems than whites and other
racial/ethnic groups (Leong & Lau, 2001; Surgeon General, 1999;
Zhang, Snowden, & Sue, 1998.)  Even for Asian Americans who seek
treatment, these Asian Americans are more likely to prematurely stop
treatment at a higher rate than whites (Leong & Lau, 2001.)  

The Internet is used by many Asian Americans with almost as high
levels of use as among whites (U.S. Department of Commerce,
2004) and can be a venue for providing access to information that
may not be easily accessible elsewhere.  Also, the Internet can
allow for anonymous access of information related to depression
and an anonymous psychoeducation approach can possibly mini-
mize the shame and stigma perceived by Asian Americans.  One
study among Asian American college students using an online sup-
port group found that these participants believed that the online
support group offered support, discussed relevant concerns, and
that participants were comfortable using this online support group
(Chang, Yeh, & Krumboltz, 2001.)  Another study among Asian
American college students found that the participants preferred tra-
ditional face-to-face psychological treatment rather than online psy-
chological treatment.  There were also gender differences with
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women having more positive opinions about traditional face-to-
face psychological treatment than men (Chang, 2004.)

Regardless of preference or not for online treatment, providing de-
pression information online can be very useful.  One study reported
on the development of a Web site about depression for college stu-
dents (Meyer, 2007.)  Students were very satisfied with this Web site
and there were 50,000 Web site hits over the first year.  One student
even e-mailed the Web site developers that reading the information
motivated this student to seek depression treatment from a doctor.

To our knowledge, there are no studies that focus on developing a
depression information Web site for Asian Americans.  Asian
Americans have concerns for depression that differ from the gen-
eral population.  The aims of this study were to explore the reasons
for use and non-use of the Internet for depression information
among Asian Americans.  We also asked about specific topics that
should be included on such a Web site.  

mEthod

ParticiPants and ProcEdUrE

Participants included 20 undergraduate students enrolled at an
inner-city college located in the urban area of New York City.  In-
dividuals were approached in class or in public places at the college
and asked if they were Asian American.  Also, snowball sampling
techniques were used where after completing an interview, partic-
ipants were asked to recommend friends who were Asian Ameri-
cans.  Of the 17 women that were approached, seven refused to
participate.  Of the 10 men that were approached, all 10 agreed to
participate.  Participants were offered $25 to participate in an in-
terview which took approximately 30 minutes.  Participants were
told that they would be tape recorded throughout the interview.
Data collection occurred from September through December 2007.
Informed consent was obtained from participants.  The study re-
ceived Institutional Review Board approval.

mEasUrEs

demograPhicS

Demographic variables included age, sex, ethnicity, immigrant sta-
tus, and years lived in the United States if they were an immigrant.

QueStionnaire

Participants completed the Center for Epidemiologic Studies De-
pressed Mood Scale (CES–D; Radloff, 1977.)  The CES-D is a 20-
item scale that measures depressive symptoms with higher scores
indicating greater depressive symptoms.  Response options range
from “0=rarely or none of the time” to “3=most or all of the time.”
A commonly used cut-off value of 16 or greater is often used to in-
dicate the likelihood of clinically significant depression (Radloff,
1977.)  This scale had adequate Cronbach alpha reliability levels in
the original study (0.85 to 0.90) and in this sample (0.88.)

Semi-Structured interview QueStionS

Participants were asked to answer the following three questions as
part of the interview.  These questions were 1) “Why would one use
the Internet for obtaining information about depression?,” 2) “Why
would one not use the Internet for obtaining information about de-
pression?,” and 3) “What topics would be important to include on
an Internet Web site providing information for depression to Asian
Americans?”

Qualitative analytic aPProach

All tape-recorded interviews were transcribed.  Approximately 15
percent of this transcribed data was reviewed to ensure that they were
accurately transcribed.  There were no a-priori judgments about ideas
to interpret for the coding.  Both authors independently coded each
phrase with a line-by-line approach.  All these coded phrases were
then reviewed together.  For the approximately 10 percent of phrases
where there were initial interpretation differences, both authors dis-
cussed the differences and by consensus agree on how to code.  The
final coding had 100 percent agreement.  Thematic analysis was then
used to guide the qualitative analytic approach.  This included coding
for each specific question, looking for semantic themes, and review-
ing the themes to ensure that they related to the coded extracts and
to the whole data set available for that specific question (Braun &
Clarke, 2006.)  Both authors independently reviewed each of the
coded phrases to decide upon relevant themes/categories for each
question.  Both authors had the goal of creating the smallest number
of themes/categories for the numerous coded phrases.  After review-
ing these themes/categories together and discussing them, both au-
thors agreed upon the final themes/categories.  Any differences in
interpretation were discussed and agreed upon by consensus to allow
for 100 percent agreement for the themes/categories.  

rEsUlts

Sample characteristics included mean age of 21.1 years (SD=2.07.)
The gender distribution was 50 percent men (n=10) and 50 percent
women (n=10.)  The ethnicity distribution was 95 percent Chinese
(n=19) and 5 percent Korean (n=1.)  Immigrant status included 50
percent immigrants (n=10) to the United States and 50 percent
(n=10) who were born in the United States.  For those who were
immigrants, they had lived a mean of 6.7 years in the United States
(SD=3.92.)  Mean CES-D score was 14.7 (SD=8.53), with 60 per-
cent (n=12) having scores below 16 and 40 percent (n=8) with
scores of 16 or greater.  Half (n=10) had previously searched for de-
pression or depressive symptom information on the Internet.  

Using thE intErnEt to oBtain informationaBoUt dEPrEssion

As shown in Table 1, there were 11 different themes/categories re-
garding the question about using the Internet to obtain information
about depression.  Five of the themes/categories were each endorsed
by 20 percent (n=4) or more of the participants. These themes/cat-
egories are described below.  
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theme # of individuals # of themes

Difficult talking to someone
about depression

6 9

Confidential 5 6

Obtain specific information
about understanding depression

or treatments for it

5 7

Convenient 5 5

Information about personal 
emotional component

4 6

Excellent source 3 3

To help oneself 2 2

Free way to obtain information 1 2

Educational activity 1 1

Obtain professional contact in-
formation

1 1

Communicate with others 
with depression

1 1

Table 1
Themes/Categories Regarding Internet Use to Obtain Information About Depression

Fogel and Nehmad

difficUlty talking to somEonE aBoUt dEPrEssion

This included, “If they don’t have many friends around them,
so they have to look up information from the Internet instead
of communicate with his friends” and “I think because they
don’t want to tell another person thinking what they might
say or might think.”

confidEntial

This included, “It’s more confidential I guess because you
don’t have to worry about anyone knowing who you are.
You could speak freely on these type of things and look at

stuff freely without worrying about any consequences” and
“I think it’s more privacy because you are the only one that’s
there looking and reading.”

oBtaining sPEcific information aBoUt UndErstanding

dEPrEssion or trEatmEnts for dEPrEssion

This included, “Someone use [the] Internet because it’s avail-
able, there’s a lot of information on it so they can quickly
and easily access a lot of information about a specific topic
such as depression” and “The Internet has a lot of Web site[s]
from different countries and you could look it up many in-
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formation instead of looking it up in the books and you don’t
know which book is useful for you.”

conVEniEnt

This included, “I don’t usually go to the library so it’s very
convenient at home to go on the Internet and research for
anything you want” and “It’s easy, convenient … you could
look up the information whatever time of the day you want.”

information aBoUt PErsonal Emotional comPonEnt

This included, “They wouldn’t know much why they feel de-
pressed” and “From my opinion maybe themselves has some
kind of feeling; their friend or family has those kind of feeling.”

ExcEllEnt soUrcE

This included, “You’re comfortable to really look up what-
ever you want and expand your search if necessary because
all the resources are there” and “I think the Internet has a lot
of Web site[s] from different countries and you could look it
up many information instead of looking it up in the books
and you don’t know which book is useful for you and also
like sometimes people’s opinion about certain things you will
find out other people’s opinions too.  So I think that’s the
most useful for the Internet; just click in the words and you
can get the information you want.”

to hElP onEsElf

This included, “I think most of the time people search de-
pression because they might be depressed and are trying to
find a way to help themselves.”  

frEE Way to oBtain information

This included, “I don’t need to pay the money to see a psy-
chologist, but a lot of information on the Web is free.”

EdUcational actiVity

This included, “Maybe they are writing a topic about [de-
pression].”

oBtain ProfEssional contact information

This included, “They want to get professional help and they
don’t know enough about it and maybe they have social pho-
bia; they don’t want to go out, they just want to stay home.”

commUnicatE With othErs With dEPrEssion

This included, “They could not only find definitions in dic-
tionary terms but they can also find forums where they dis-
cuss these topics.  For instance, if you’re feeling depressed
you can maybe go online and find a forum where other peo-
ple are feeling the same way as you and you can ask them
for advice.”

not Using thE intErnEt to oBtain information aBoUt

dEPrEssion

As shown in Table 2, there were nine different themes/cate-
gories regarding the question about not using the Internet to
obtain information about depression.  Two of the themes/cat-
egories were each endorsed by 20 percent (n=4) or more of
the participants.  These themes/categories are described below.  

intErnEt is not a good soUrcE

This included, “It’s too much distraction online, like you can do
other things, play video games, watch videos to get their mind
off depression instead of searching for about it” and “I would
say it’s not really safe in a way because they don’t know who is
posting all those comments.”

in dEnial

This included, “Maybe he is in denial and he doesn’t want people
to know” and “I think they might be too stubborn for not believ-
ing that they themselves are depressed, like they just don’t want
to admit that they are depressed.”

ashamEd aBoUt dEPrEssion

This included, “He feels helpless, you can’t get help from others.”

Wants ProfEssional hElP

This included, “It’s definitely not the same as seeking profes-
sional medical advice especially if you’re looking for something
that is serious, you might not want to trust the Internet for that.
You might actually want to see someone.”  

PrEfErs liVE PErson

This included, “They might not be comfortable without face-to-
face contact with someone.  Some people like confidentiality,
some people prefer to see someone face-to-face and actually talk
about it.”

tEchnology issUEs

This included, “They are not technologically savvy, they don’t
really know that resource is there.”

thEsE fEElings arE normal

This included, “They don’t feel that way, maybe they think it’s
a normal thing.”

not dEPrEssEd

This included, “If he is not depressed then he wouldn’t.”

lazy

This included, “I think they feel they don’t have those kind of
problem, maybe they’re lazy. For me I don’t think I never bother
to think about those topics.” 

Internet Depression Information
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UsEfUl toPics to inclUdE on an intErnEt WEB sitE

As shown in Table 3, there were 17 different themes/categories
regarding the question about useful topics to include on an In-
ternet Web site providing depression information to Asian Amer-
icans.  Three of the themes/categories were each endorsed by 20
percent (n=4) or more of the participants. These themes/cate-
gories are described below.  For this question, one participant
chose not to provide an answer.

sharing PErsonal ExPEriEncEs

This included, “I think the best way is to get some people who
had depression experience to talk about it and probably to put
personal experience up there to explain” and “It was always
helpful if you find other Asian Americans who talk about depres-
sion on the Web site.”

caUsEs and tyPEs of dEPrEssion

This included, “Maybe you could have different types of de-
pressions.”  

hoW to hElP onEsElf

This included, “Ways to some advice to give to them if they

were to tell their parents” and “Maybe something for free,
like kind of service.”

social skills BUilding

This included, “Maybe about how to make friends.”

cUltUral asPEcts of dEPrEssion

This included, “Like how other people in other culture would
feel.”

chinEsE langUagE

This included, “Have a person that can speak their lan-
guage.”

normalizing dEPrEssion

This included, “The Web site should let the Asian people
know that it’s not a shame for you to get an illness.”

trEatmEnts

This included, “Medication that would be offer[ed] and def-
initely links to the different pharmacy companies” and
“Look for herbs, something to eat or drink.”

Table 2
Themes/Categories Regarding Not Using the Internet to Obtain Information About Depression

theme # of individuals # of themes

Internet is not a good source 11 12

In denial 7 11

Ashamed about depression 3 3

Wants professional help 2 2

Prefers live person 2 2

Technology issues 2 3

These feelings are normal 1 1

Not depressed 1 1

Lazy 1 1
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Theme # of individuals # of themes

Sharing personal experiences 6 6

Causes and types of depression 4 5

How to help oneself 4 8

Social skills building 3 3

Cultural aspects of depression 3 3

Chinese language 2 2

Normalizing depression 2 4

Treatments 2 3

Religious topics 1 1

Demographics 1 1

Miracle cure 1 1

Questions and answerers 1 1

Seeking help can be confidential 1 1

Professional’s opinion 1 1

Emotional topics 1 2

Thinking positively 1 1

Freud 1 1

Table 3
Themes/Categories for Useful Topics to Include on an Internet Web site Providing Depression Infor-

mation to Asian Americans



JCR

249

rEligioUs toPics

This included, “More on the philosophical side, more realistic, you
know religious type of stuff how to be happy.”

dEmograPhics

This included, “Statistics would be helpful, what demographic
of Asians, like what demographic of Asians would usually suffer
from this.”

miraclE cUrE

This included, “Something about miracles solutions or miracles
to curing all the depression.”

QUEstions and ansWErs

This included, “Question answer; do you feel lonely most of the
times, how do you feel like sad or do you not want to talk to
people.”

sEEking hElP can BE confidEntial

This included, “Where to look for help [to] assure them that it’s
confidential.”

ProfEssional’s oPinion

This included, “I would rather some like the professional’s opinion.”

Emotional toPics

This included, “Do you feel lonely most of the times, how do you
feel like sad.”

thinking PositiVE

This included, “Some way on the opposite side of looking at things
on the outlook more how not to be depressed.”

frEUd

This included, “It’s the Chinese version analysis of dreams by
Freud, he talks a lot about dreams and what reflects that dream.”

discUssion

The most common reasons for use of the Internet to obtain infor-
mation about depression are that it is a source of information since
it is difficult to talk to someone about depression, it is confidential,
in general it is useful to obtain specific information about under-
standing depression or treatment for it and it is convenient.  The
most common reasons for not using the Internet to obtain informa-
tion about depression are that the Internet is not a good source and
because people are in denial about depression.  The most common
useful topics to include on an Internet Web site to provide depres-
sion information to Asian Americans are sharing personal experi-
ences, causes and types of depression and how to help oneself.  

In our study, participants felt that using the Internet to obtain in-

formation about depression is a good source since it’s difficult to
talk to someone about depression.  They also reported it as more
confidential.  A study inquiring about using the Internet for de-
pression information found that participants responded that in-
formation on Web sites would be helpful since a Web site allows
one to deal with mental health problems alone (Leach, Chris-
tensen, Griffiths, Jorm, & Mackinnon, 2006.)  Similarly, these
Asian American participants may have felt that working alone on
one’s mental health issues allows one to obtain this information
in a confidential manner.  It also may even allow one to avoid the
challenging part of talking to someone about one’s depression.  

Participants in our study stated that the Internet is useful to obtain
specific information about depression or treatment for it.  Previ-
ous work has shown that student-focused Web sites for providing
depression information are useful, helpful, and popular among
college students (Meyer, 2007.)  The information obtained from
our study suggests that there is a need and interest for such a Web
site among Asian Americans.

In our study we found that using the Internet to obtain information
about depression is more convenient than seeking professional
help.  Adolescents who grew up as part of the “Internet genera-
tion” actually prefer the convenience of using online information
to guide them rather than visiting a health professional which can
be less convenient (Gray, Klein, Noyce, Sesselberg, & Cantrill,
2004.)  As we found, our young adult college student participants
are also those that prefer the convenience of using the Internet to
obtain depression information.  However, we cannot determine
if these Asian Americans specifically prefer to use the Internet at
the expense of not seeing an actual health care professional. 

Participants also reported that the Internet is not a good source for
obtaining information about depression.  This is similar to what
has been reported among adolescents who believe that there may
be limits to the expertise and utility of the Internet as a source of
health information (Gray et al., 2004.)  Another popular reason for
not using the Internet to obtain information about depression is
because people are in denial about depression.  This sense of denial
is not limited to the Internet.  In general, those of Asian ethnicity
often are concerned about a sense of losing face and are often hes-
itant to seek psychiatric treatment.  They may even rationalize that
their symptoms are not severe enough to consider getting help
(Lau, & Wong, 2008.)  Even though the Internet is available, the
rationalization that one does not have symptoms sufficient to look
for depression information apparently still is common.

We found that participants felt that personal experiences were
some of the useful topics to include on an Internet Web site to
provide depression information to Asian Americans.  Online sup-
port groups for depression have been found to be helpful (Hous-

Fogel and Nehmad



JCR

250

ton, Cooper, & Ford, 2002.)  The reasons often cited for this help-
fulness is that people benefit when seeing and reading about the
experience of others like themselves who have struggled with de-
pression (Lamberg, 2003.)  Apparently it is not just online support
groups that can provide this personal connection.  Web sites with
information shared about personal experiences with depression
are perceived too as very useful and important.  

In our study, participants said that topics that include causes and
types of depression are useful to include on an Internet Web site
to provide depression information to Asian Americans.  The In-
ternet is helpful since it is a tool that has the capability to reach
large audiences at relatively low cost, and it can even target a spe-
cific group in need of information (Stjernsward, & Ostman, 2006.)
Web sites targeting Asian Americans with relevant topics that are
culturally tailored can potentially be very useful to help those
Asian Americans experiencing depression at minimal expense.

Participants felt that topics such as how to help oneself are useful
to include on an Internet Web site to provide depression informa-
tion to Asian Americans.  Web sites have been reported as useful
for providing information for college students to help them address
the challenges associated with depression (Meyer, 2007.)  It may
be even more useful, although research is needed to prove this
point, that culturally tailored information for Asian Americans can
be very useful above and beyond a general depression Web site.

Study limitations include that our sample is from one univer-
sity.  As the sample was predominately Chinese American,
these results are most likely generalizable to this Asian Amer-
ican group and not necessarily to other Asian American groups.
Also, as participants were interviewed face-to-face, some may
have felt uncomfortable or ashamed to share their true opinion
about mental illness.  Lastly, it is possible that the approach of
asking about “why would one” rather than “why would Asian
Americans” allowed for Asian Americans to interpret the ques-
tion as referring to all individuals and not just Asian Ameri-
cans.

conclUsion

In conclusion, our study shows that Asian Americans have a
number of different opinions with regard to using the Internet
to obtain depression information.  Some individuals believe
that the Internet is a good source of information, as well as con-
venient and confidential.  Others believe that the Internet is not
a good source of information and since people are in denial
about depression, they might not even use the Internet for this
purpose.  Topics such as causes and types of depression, per-
sonal experiences, and how to help oneself are considered use-
ful topics to include on an Internet website.  The need for topics
on depression and mental health is extremely crucial to Asian
American society.  The Internet may be an approach useful for
educating Asian Americans about addressing their depression. 

Internet Depression Information
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IN THIS FEATURE, we will try to describe the characteristics

of current cyberpsychology and rehabilitation research. In par-
ticular, CyberProjects aims at describing the leading research
groups and projects, actually running around the world, with a
special focus on European research.

roBotics in rEhaBilitation: thE latEst trEnds

Modern robotics provides many hopes in the field of medicine.
Patients in rehabilitation can expect a closer working relationship
with robotics, yielding impressive results. 

The MAIA project team at the IDIAP Research Centre for Arti-
ficial Intelligence in Valais, Switzerland is designing and exper-
imenting with robots intended to assist in medical rehabilitation.
The controlling of machinery with mere thought power is be-
coming reality with the use of a helmet attaching electrodes to
the brain. The electrodes monitor the subject’s neural network,
interpret the signals in real time and activate the responding
mechanisms. With such a system it is possible for a patient to
drive and accurately steer his or her wheelchair, with nothing
more than a bit of concentration. 

The general aim of the project is to understand the mechanisms of
human thought and then put them into active use. Because of the
complexity of the neural processors in the human brain, the ma-
chinery must work on probabilities. While the highly-sophisticated
system is still being developed, errors in the mechanical responses
are recorded so that researchers can later make improvements. The
devices, such as wheelchairs, are also equipped with sensors so that
errors can automatically be corrected. It is envisioned that this tech-
nology can later be applied to prosthetic limbs. 

The Robotic Team at the Vrije Universiteit in Brussels is working
towards a similar goal. They have developed several robot pro-
totypes to assist patients in various ways. ALTACRO (Auto-
mated Locomotion Training using an Actuated Compliant
Robotic Orthosis) is a full scale walking robot, for example. De-
veloped using a lightweight, compliant actuator with a high force
output, namely the Pleated Pneumatic Artificial Muscle (PPAM,)
it’s walking is based closely on the movements of human walk-
ing. The primary objective is to enhance the quality of automated
step rehabilitation training both for patients and therapists, in this
way increasing its availability. 

Integrating the expertise of neurological rehabilitation, func-
tional anatomy, biomechanics, physiology and robotics, AL-
TACRO aims to develop and assess an original robotic
rehabilitation system, providing the capacity to substantially en-
hance the prognostic health profile of the patient.

Another robot, the Soft Arm is, like ALTACRO, equipped with
tubes of pressurized air acting as muscles, enabling the arm to
lift heavy loads. ANTY, finally, is a robotic cuddly toy designed
to respond emotionally, with eye contact and an animated face,
to hospitalized children (already to be available in summer
2010.) 

For more information visit http://www.idiap.ch/ or http://al-
tacro.vub.ac.be/.

Compiled by Giuseppe Riva, Ph.D. and 
Alessandra Gorini, Ph.D. candidate

Istituto Auxologico Italiano
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New technologies are developing at a rapid pace.  To help you stay abreast of the latest trends in advanced technologies and health-
care, this feature showcases upcoming, 2009- 2010 events, which will provide you with the opportunity to connect with leading ex-
perts worldwide and remain on the cutting edge of the most recent developments. 

The CyberFocus column welcomes your contributions. To supply relevant information for this feature, please send an e-mail to: of-
fice@vrphobia.eu.
cyberPsychology & cybertherapy 15

June 13 - 15, 2010
Seoul, Korea
www.interactivemediainstitute.com

The Journal of CyberTherapy & Rehabilitation is the official journal of the CyberTherapy Conference.  The 15th Annual International
CyberTherapy Conference (CT15) brings together researchers, clinicians, policy makers and funding agencies to share and discuss
advancements in the growing discipline of CyberTherapy & Rehabilitation, which includes training, education, prevention, rehabil-
itation, and therapy. The focus of this year’s conference is two-fold–first, “Technologies as Enabling Tools” will explore the use of
advanced technologies in diagnosis, assessment and prevention of mental and physical disorders. In addition, attention will be drawn
to the role of interactive media in training, education, rehabilitation and therapeutic interventions. Secondly, CT15 will investigate
the “Impact of New Technologies” and how they are influencing behavior and society through cyberadvertising, cyberfashion and
cyberstalking, among others. Technologies featured at the conference include VR simulations, video games, telehealth, the Internet,
robotics, brain-computer interfaces, and non-invasive physiological monitoring devices. Conference attendees have the opportunity
to play a role in designing the future of mental healthcare.  CT15 features interactive exhibits at the Cyberarium allowing participants
to experience the technologies firsthand as well as the opportunity to display their exhibits in a forum-type setting.

------------------------------------------------------------------------------------------------------------------------------------------------------------

2009 conferences

acm symposium on User interface software and technology

October 4 - 7
Vancouver, BC, Canada
www.uist.org

------------------------------------------------------------------------------------------------------------------------------------------------------------

echallenges e-2009

October 21 - 23
Istanbul, Turkey
http://www.echallenges.org/e2009/
------------------------------------------------------------------------------------------------------------------------------------------------------------

society for Psychophysiological research: 49th annual meeting

October 21 - 24
Berlin, Germany
http://www.sprweb.org/

------------------------------------------------------------------------------------------------------------------------------------------------------------

PrEsEncE 2009: the 12th annual international Workshop on Presence

November 11 - 13
Los Angeles, California, USA
http://www.temple.edu/ispr/conference/ 



-----------------------------------------------------------------------------------------------------------------------------------------------------------

aBct 2009

November 19 - 22
New York City, New York, USA
http://www.abct.org/conv2009/

------------------------------------------------------------------------------------------------------------------------------------------------------------

2010 conferences

sPiE Photonics West

January 23 - 28
San Francisco, California, USA
http://spie.org/x1375.xml

------------------------------------------------------------------------------------------------------------------------------------------------------------

digitalWorld 2010

February 10 - 15
St. Maarten, Netherlands Antilles
www.iaria.org/conferences2010/DigitalWorld10.html

------------------------------------------------------------------------------------------------------------------------------------------------------------

6th annual Update symposium series on clinical neurology and neurophysiology

February 15 - 16
Tel Aviv, Israel
http://isas.co.il/

------------------------------------------------------------------------------------------------------------------------------------------------------------

iastEd international conference on artificial intelligence and applications

February 15 - 17
Innsbruck, Austria
http://www.iasted.org/conferences/

------------------------------------------------------------------------------------------------------------------------------------------------------------

the World of health it conference & Exhibition

March 15 - 18
Barcelona, Spain
http://www.worldofhealthit.org/

------------------------------------------------------------------------------------------------------------------------------------------------------------

iEEE Vr 2010

March 20 - 24
Waltham, Massachusetts, USA
http://conferences.computer.org/vr/2010/
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------------------------------------------------------------------------------------------------------------------------------------------------------------

applied Psychophysiology & Biofeedback 2010

March 24 - 27 
San Diego, California, USA
http://www.aapb.org/

------------------------------------------------------------------------------------------------------------------------------------------------------------

sPiE defense, security, and sensing

April 5 - 9
Orlando, Florida, USA
http://spie.org/x1375.xml

------------------------------------------------------------------------------------------------------------------------------------------------------------

society of Behavioral medicine: 2010

April 7 - 10
Seattle, WA
http://www.sbm.org/meetings/

------------------------------------------------------------------------------------------------------------------------------------------------------------

laval Virtual 2010: 12th Virtual reality international conference

April 7 - 11
Laval, France
http://www.laval-virtual.org/

------------------------------------------------------------------------------------------------------------------------------------------------------------

the 7th annual World health care congress

April 12 - 14
Washington D.C., USA
http://www.worldcongress.com/events/

------------------------------------------------------------------------------------------------------------------------------------------------------------

med-e-tel

April 14 - 16
Luxembourg
http://www.medetel.lu/index.php

------------------------------------------------------------------------------------------------------------------------------------------------------------

19th international World Wide Web conference: WWW2010

April 26 - 30
Raleigh, North Carolina, USA
http://www2010.org/www/
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------------------------------------------------------------------------------------------------------------------------------------------------------------

the 5th international conference on interactive mobile and computer aided learning

Date - TBA
Amman, Jordan
http://www.imcl-conference.org/

------------------------------------------------------------------------------------------------------------------------------------------------------------

american telemedicine association 2010: 15th annual international meeting and Exposition

May 16 - 18
San Antonio, Texas, USA
http://www.americantelemed.org/i4a/pages/index.cfm?pageID=3629

------------------------------------------------------------------------------------------------------------------------------------------------------------

the 6th annual World health care congress – Europe

May 19 - 20
Brussels, Belgium
http://www.worldcongress.com/events/HR10015/

------------------------------------------------------------------------------------------------------------------------------------------------------------

cyberPsychology & cybertherapy 15

June 13 - 15
Seoul, Korea
www.interactivemediainstitute.com

------------------------------------------------------------------------------------------------------------------------------------------------------------

8th icdVrat

September 8 - 10
Valparaiso, Chile
http://www.icdvrat.reading.ac.uk/

------------------------------------------------------------------------------------------------------------------------------------------------------------

40th European association for Behavioural and cognitive therapies annual conference

October 7 - 10
Milan, Italy
http://www.eabct2010-milan.it/

------------------------------------------------------------------------------------------------------------------------------------------------------------

aBct 2010

November 18 - 21
San Francisco, California, USA
http://www.abct.org/dMembers/?m=mMembers&fa=Convention
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