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Abstract. Experimentation of natural interaction principles and ad-
vanced interactive solutions for medical treatment of the neglect
syndrome. Novel tools are provided for improving rehabilitation and
evaluation of patients and overcome the conventional pen-and-paper ap-
proach. This project is the result of a multidisciplinary collaboration
among Media Integration and Communication Center, the Faculty of
Psychology of the University of Florence and Montedomini A.S.P., a
public agency for disabled elders and healthcare services in Italy.
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1 Introduction

Hemispatial neglect (or neglect syndrome) is a neuropsychological condition in
which, after a damage to one hemisphere of the brain, a deficit in attention to
and awareness of one side of space is observed. It is defined by the inability of a
person to process and perceive stimuli on one side of the body or environment
that is not due to a lack of sensation.[1] For example a stroke affecting the
right lobe of the brain can lead to neglect for the left side of the field of view,
causing a patient to behave as if such side of sensory space does not exist. In such
conditions the patient could be no more able to pass a door without hitting the
jamb, or to eat the food on a dish without leaving the left half part completely
untouched. Unfortunately, the only treatment consists of finding ways to bring
the patient’s attention toward the left, usually done incrementally, by going just
a few degrees past midline, and progressing from there. Moreover the difficulty
degree of such task increases with the age of the patient.

The Behavioural Inattention Test (BIT)[2] is a 15-item standardized test bat-
tery for assessing visual neglect, consisting of 6 of the most commonly used
pen-and-paper tests (line crossing, letter cancellation, star cancellation, figure
copying, line bisection, and free drawing) and 9 behavioral tasks (picture scan-
ning, telephone dialing, menu reading, article reading, telling and setting the
time, coin sorting, address and sentence copying, map navigation, and card sort-
ing) (see fig.1). One component of the test battery is a simple test described by
Albert [3] in which patients cross out lines on a sheet of paper (see fig. 1 - b);
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Fig. 1. Set of pen-and-paper tests from the BIT battery: (a) figure copying and (b)
Albert’s test

this is easy to administer and related closely to neglect diagnosed by the test
battery as a whole [4]: that is the reason why we focused on Albert’s test.

As reported by the medical staff we interviewed, the main issue in Albert’s test
is that particular negative results can be due to lack of stimulation, especially for
elderly patients. That is why the idea of this work is to translate analog Albert’s
tests in digital tests able to stimulate the patient’s attention.

For such delicate process we have exploited the help of the department of
psychology at the University of Florence that suggested some real-world contexts
able to put patients at ease and encourage them to actively participate in all the
test and training phases.

2 Related Work

There is a wide variety of solutions for the study of the neglect syndrome still
using paper based tools, as in [11], where drawing-based pencil-and-paper tests
enable objectivity, repeatability and diagnostic capability in the scoring process
of the disease. Anyway there is another part of research which experiments so-
lutions for the development of neuropsychological assessment and rehabilitation
tools via the adoption of computer-based advanced technologies.

A former approach is based on Virtual reality (VR), which is showed to be
effective for dealing with cognitive and functional impairments due not only to
traumatic brain injury, but also to neurological disorders and learning disabilities
[6] [10]. VR-DiSTRO[5] is a solution which uses shutter stereoscopic glasses,
a force feedback interface and a software, in order to provide an immersive
experience and then estimate its accuracy and usability for patients affected by
acute neglect syndrome. A similar approach is presented in [8], where a 3D-
haptic virtual world is seen through stereo shutter-glasses, where hemispatial
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neglect patients interact by manipulating a haptic interface. A different approach
is discussed in [7], where post-stroke neglect in the extrapersonal space was
evaluated. Authors modeled a street crossing in VR, in which a battery of thirty-
two patients with right-hemispheric stroke were asked to control a virtual avatar
safe from a traffic accident. In [14] authors studied unilateral spatial neglect
following stroke in recovered post-stroke patients with residual symptoms of
unilateral spatial neglect. They compared the assessment and treatment results
from standard paper and pencil tests with their VR solution. SeeMe is a system
in which participants see themself in real time in a projected screen while they
assess functional tasks touching virtual balls. A single screen-mounted camera
and vision-based tracking system capture and convert the user’s movements for
processing on the big display.

Other computer-based approaches which differ from VR technology are pre-
sented in [12], where a game-based solution composed of a webcam, a computer
and a video projector is used to guide the patient in exploring the space (in-
cluded the neglected hemispace) with the goal to reach for targets with different
levels of difficulty. In [13] a system to measure eye and head-neck movement is
presented for the evaluation of the unilateral spatial neglect fields. Eye motion
was estimated via a small CMOS camera attached to a head unit, while the
head-neck movement was processed via a high-vision video camera attached to
the front of the patient. In [9] authors proposed a computerized version of the
cancellation test via the adoption of a touchscreen interface to large groups of
control subjects and unilaterally brain-damaged patients (unilateral and non-
unilateral spatial neglect).

3 The System

The proposed solution is represented by an interactive environment in which
patients are asked to perform different tasks in order to estimate their neurocog-
nitive condition (testing phase) and to support rehabilitation activities (training
phase). Tasks, that have been defined under the supervision of a team of psychol-
ogists, consist of predefined exercises to address the following elements: memory,
attention, perceptual disturbances, visualspatial disturbances and difficulties in
executive functions. The main idea is to allow patients to interact with digital
content through gestures in order to perform tasks similar to those that would
occur in their daily life. On the other hand, we wanted to provide medical staff
with an advanced tool to customize tasks configurations and to analyze data
obtained from patients activity.

The system is composed by two main parts: a touch based interactive surface
for patients and a desktop based application for medical staff. The interactive
surface is visualized on a wide LCD screen (52”) with multitouch capabilities
provided by an infrared based overlay. The screen is mounted on a reclining
and height-adjustable table, so that every patient could easily interact with ev-
ery part of the screen. The chosen interface metaphor for the proposed use case is
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the action of cleaning a dirty table (see fig. 2). Patients are asked to move a real
sponge on the interactive table in order to physically erase virtual dust or spots
displayed on the screen.

Fig. 2. A patient performing the task of cleaning the interactive table from coffee spots

The testing phase consists of collecting information on the severity of the
condition and progress of the patient, whilst the training phase encourages the
exploration of the neglected hemifield through various procedures. The set of the
spots (visual stimuli) displayed on the table can be configured according to four
parameters: number, location, size and nature (e.g. coffee, oil, water; see fig.3).

Doctors and therapists can create different configurations of tasks using a
desktop based GUI in order to tune difficulty according to patient conditions.
As an example, a training task could be configured with a particular spatial
distribution of stimuli on the basis of patients neglected hemifield. Therapists
can also add audiovisual feedback to stimuli (e.g. blinking light, sounds etc.)
that can be triggered during the training session helping patients to complete
the task.

All the activities during the rehabilitation sessions are tracked and recorded in
a database so that a personal history of each patient can be evaluated in order to
estimate performances in terms of accuracy (number of erased spots), time spent
in accomplishing the task and trajectory of movements. In this way, medical
staff can work with a novel diagnostic tool which provides useful information,
statistics, charts and high-level data for the evaluation of patients (see fig.4).

Both the desktop application and the interactive rehabilitation interface are
developed using the AIR (Adobe Integrated Runtime) framework, allowing to
bring ActionScript and Flex code into a native desktop installer. The multitouch
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Fig. 3. Interactive table with water and coffee spots

Fig. 4. (a) drag and drop GUI for training configuration and (b) statistical analysis
tools
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overlay sends data on tracked fingers and objects to the main application using
the TUIO protocol [15].

4 Experimental Results

The real-world testing phase occurred thanks to the collaboration with Monte-
domini A.S.P. who exploited the system for the experimental rehabilitation of
approximately 30 patients in the last two years.

Taking into account a sample of ten representing patients, for whom we had
available the traditional test of Albert as a check-in test for the experimentation,
we discovered not only that the digital training phase has produced superior
results than standard training, but also that the system has also led to a partial
psycho-motor rehabilitation.

As expected, a table sprinkled with (digital) spots or dust has a strong af-
fordance so that the instinct to clean is greater than that of concluding a pen-
and-paper test: as shown in fig.5, in the majority of cases the patients had lower
performance on the standard Albert’s test compared to the interactive digital
test, even before the training phase.

Fig. 5. Patients results for check-in test

The patients were then treated with a training phase of variable duration
(one to three months depending on the patients) using the visual and auditory
interface facilities.

The check-out tests performed after training phase had great results: as shown
in fig.6, the patients improved the awareness of the left side of view (this was
proved not only with the digital test but also with the traditional one).

The physical therapists who have followed them have also recorded an im-
provement in their physical condition. In fact, in order to reach the entire surface
of the table, patients have unconsciously also worked on their body: the lower
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part has worked to support the whole body (training of body-balance) while the
upper part had a benefit due to the stretching of arms performed in order to
reach the upper and side areas of the table (such effect has obviously occurred
also in patients forced to use the table on wheelchairs).

Fig. 6. Patients results for check-out test

Finally, medical staff has recognized added value in the efficacy of the perfor-
mance analysis process due to the use of the computerised analysis tools provided
by the system.

5 Conclusions and Future Work

The developed system allows effective analysis of the clinical status of patients
affected by the neglect syndrome and a fine tool for the rehabilitation training.
The idea is to use a real-world context in order to stimulate elder patients to
perform tests and to improve their clinical condition through the training phase.
First experimental results are very positive and encourage us to continue on this
path. Future work includes the improvement of the evaluation on patients and
the development of new natural interactive contexts for the rehabilitation also
exploiting dynamic scenarios.
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