An ontology for automatic generation of computer-based cognitive exercises
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Abstract and Objective

Cognitive rehabilitation may take advantage of computer-
based approaches which, compared to the traditional paper-
based ones, allow the management of a big amount of stimuli.
These stimuli may be reused and recombined to create new
exercises, whose difficulty level should be adapted to the pa-
tient’s performance. This work proposes an ontological orga-
nization of the stimuli, to support the automatic generation of
new exercises, tailoved on the patient’s preferences and skills.
The ontology has been integrated into an existing cognitive
rehabilitation tool [1], to test the new functionalities made
possible by this approach.
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Introduction

Cognitive rehabilitation is designed to reduce and/or compen-
sate the impact of cognitive dysfunction in patients suffering
from brain damage. An improvement in this direction sees the
use of computer applications, which offer the management of
a big amount of stimuli and introduce multimedia features
which allow the patient to focus more on the exercises. The
organization of these stimuli in an ontological knowledge
base, permits the rehabilitation software to automatically gen-
erate ever new exercises, by properly recombining the classi-
fied stimuli and using the ontological relations between them.
Furthermore, a system to classify the patient’s performance
may help in generating exercises tailored on the patient’s
skills. The integration of the ontology of stimuli in a system
such as the one described in [1] permits to achieve the goals
described.

Methods

An ontology is composed by classes, attributes and relations.
In our ontology, each class represent a stimulus, to be used in
the exercises. The stimuli are grouped in taxonomies, which
define the semantic categories (food, animals, dresses, etc.).
Attributes can be associated to the classes, to bind stimuli to
the corresponding images and/or sounds (e.g. the picture and
the whistle of a train). The relations between the classes de-

fine the semantic links between the corresponding stimuli. For
example, the relation “lives in” is defined between the classes
“man” and “house”. The same relation can link the classes
“bird” and “nest”, and the classes “fox” and “hole”. A system
using this knowledge base can automatically build a new ex-
ercise showing, for example, a “man” to the patient and asking
him where the “man” “lives in”. The system chooses three
possible answers: a “house” as a correct answer (“man” —>
“lives in” = “house”) and two incorrect answers (“nest” and
“hole”). It is straightforward for the system to check the cor-
rectness of the patient’s answer, by verifying that, in this situa-
tion, only the stimuli “man” and “house” are linked by the
“lives in” relationship. This example demonstrates that the
ontology of stimuli allows the system to automatically gener-
ate ever new exercises, and to verify the correctness of the
answers, without human intervention. Images and sounds can
also be used to obtain multimedia exercises.

Results

The ontology, implemented with Protege, has been integrated
in [1] using a dedicated tool. The preliminary tests show en-
couraging results, as half of the patients declare to prefer using
the computer, rather than traditional paper-based exercises.

Conclusion

Tele-medicine and tele-homecare may represent an appropri-
ate approach for moving care delivery and rehabilitation from
hospitals to the patients’ home. This work illustrates that an
ontology-based approach permits the automatic generation of
exercises for the rehabilitation of patients. Therefore, it may
be considered as a means to create tele-homecare services.
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