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Abstract. Adults with Down Syndrome show a clear genetic susceptibility to 
developing Alzheimer’s Disease, the most common cause of dementia world-
wide. In this paper we describe a set of computer-based exercises designed for 
cognitive training of adults with Down Syndrome. The aim is to provide tele-
rehabilitation via a Web application that can be used at home to create an 
enriched environment. Each exercise is presented as a game with images, text 
and vocal communication. The user moves forward at increasing levels of diffi-
culty according to previous positive percentage thresholds. Performance data is 
centrally collected and available to the tutor to check progress and better define 
the training. Several categories of exercises are needed to train different abili-
ties: attention, memory, visual-spatial orientation, temporal orientation, pre-
logical and logical operations, perception, visual analysis, language, and data 
relevance. At this time, two modules have been implemented for exercising at-
tention and memory. 

Keywords: Training software, tele-rehabilitation, Down Syndrome, dementia, 
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1 Introduction 

Down Syndrome (DS) is the most common form of mental retardation of genetic 
origin. In the last few decades, life expectancy in people affected by DS has increased 
greatly, from an average of 25 years of age in the 1980s to an average age of 60 years 
[1, 2]. In Italy, about 60% of all subjects with DS are adults [3]. 

Adults with DS show a clear genetic susceptibility to developing Alzheimer’s Dis-
ease (AD), the most common cause of dementia worldwide. Neuropathology of AD can 
be observed virtually in all subjects with DS older than 40 years of age, while the onset 
of the clinical signs of dementia is on average observed around 50 years of age [4]. 

Strong evidence supports the beneficial effects of enriched environment (EE) on 
several aspects of brain development and brain plasticity in the mouse model of DS 
[5]. Preliminary results of a randomized controlled ongoing trial at IRCCS Stella Ma-
ris have assessed the effect of EE intervention based on psycho-physical training for 
the prevention of functional and cognitive decline in adults with DS.  
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In this paper we describe a set of computer-based exercises designed for cognitive 
training of adults with DS, called “STELLA DS” - Software To Exercise Learning 
and Language in Adults with Down Syndrome. The aim is to provide tele-
rehabilitation through a Web application that users with DS can utilize at home to 
create an enriched environment to train the brain and prevent dementia.  

Each exercise is presented as a game with images, text and vocal communication, 
e.g., statements, cues, and reinforcers. The user moves forward in increasing levels of 
difficulty according to positive results, assessed by percentage thresholds; otherwise 
he/she remains at the same level or goes back. Tutors can personalize the training 
depending on the skills and preferences of each subject. Performance data for each 
subject and exercise is centrally collected and available to the tutor for checking 
progress and issues, and to better define the training.  

Several categories of exercises are needed to train different abilities: attention, 
memory, visual-spatial orientation, temporal orientation, pre-logical and logical oper-
ations, perception, visual analysis, language and data relevance. At this time, the first 
two modules have been implemented for exercising attention and memory. The ef-
fects of the use of the cognitive training through STELLA DS will be tested following 
a neuropsychological protocol that will check the degree of the enrolled subject’s 
abilities before and after the training. 

2 Related Work 

Tele-rehabilitation offers cost-effective services that can improve access to care for 
patients with neurological disorders. The techniques of tele-rehabilitation are now 
widely used internationally, and are based on online rehabilitative exercise monitoring 
by specialized medical personnel. The Internet offers new methods of intervention 
and a greater and more effective clinical supply. Tele-rehabilitation maximizes the 
potential of rehabilitation, allowing the clinician to assign specific tasks to be carried 
out daily at a distance, while maintaining full control and constant monitoring of the 
rehabilitation.  

Nouchi et al. (2012) investigated the impact of playing brain training games for 4 
weeks, in elderly subjects. Results showed improvement in cognitive function (execu-
tive function and processing speed). Results indicated that the elderly can improve 
both executive functions and processing speed in short-term training [6]. 

Using computerized versions of training programs has allowed the implementation 
of adaptive algorithms that ensure that the level of task difficulty is always challeng-
ing for the individual, something shown to be crucial for the training to be  
effective [7]. 

Computerized training has been shown to improve working memory performance 
in healthy children and adults [8-11], in adults recovering from strokes and other ac-
quired brain injuries [12, 13], and in children born preterm [14], in children with at-
tention-deficit hyperactivity disorder (ADHD) [15], and in children with intellectual 
disabilities [16]. 
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Previous research in children with DS has indicated that rehearsal training can im-
prove working memory [17, 18].  

A recent study by Bennet et al. 2013 [17] evaluated the impact of a computerized 
visual-spatial memory training intervention on memory and behavioral skills in 21 
children with DS, aged 7-12. Following training, performance on trained and non-
trained visual-spatial short-term memory tasks was significantly enhanced for child-
ren in the intervention group. This study was carried out in school. A previous study 
[18], not based on computerized training, suggested that parents can be good trainers 
and auditory working memory can improve with parents as trainers. 

There are no studies with computerized training in adults with DS to prevent the 
development of Alzheimer’s Disease (AD). Strong evidence supports the beneficial 
effects of enriched environment (EE) on several aspects of brain development and 
brain plasticity. We aimed to study the improvement of cognitive abilities also in 
older DS subjects, with computerized training that can also be used at home with 
clinical monitoring.  

Our application, unlike other software in use (such as Cogmed JM), is open source 
and free, relieving families and rehabilitation centers of the burden of license costs. 
Furthermore, STELLA DS do not require the user to install any software: it is a Web 
application, thus usable through a browser on any device connected to the Internet. 

3 Designing the Software 

As previously mentioned, there is evidence that supports the beneficial effects of EE 
on several aspects of brain development and brain plasticity in a mouse model of DS 
[5]. Preliminary results of a randomized controlled trial in IRCCS Stella Maris has 
assessed the effects of EE intervention based on psycho-physical training for the pre-
vention of functional and cognitive decline in adults with DS. Based on this observa-
tion, it is crucial to maximize the time that the subject devotes to the rehabilitation. 
Moving from the classic face-to-face approach to a technology-enhanced therapy (i.e. 
executed interacting with a computer or a tablet) is a natural evolution today. Remov-
ing the constraint of physically obliging the DS subject to go to medical labs for ther-
apy alleviates the burden on families, allowing subjects to exercise their brain more 
comfortably at home, independently and at their own pace. In fact, independence may 
encourage the subject to increase training time, while the electronic tool may provide 
more agreeable stimuli, both leading to better results. Tele-rehabilitation is conceived 
as a tool that enables the individual’s independence in performing the training and 
thus empowers the DS person, taking full advantage of her/his residual abilities.  

The STELLA DS software has been designed following participatory design prin-
ciples, involving psychologists and doctors from the earliest steps of the projects, to 
guarantee the creation of a flexible and usable product that is pleasant for the users. 
Specifically, face-to-face meetings, Skype sessions, and interaction via email have 
been adopted as collaboration mechanisms, to collect user requirements and collabo-
ratively design the software and its function. In order to achieve targeted features we 
defined main software design constraints: 
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• To propose the exercises as a serious game, with increasing/decreasing levels of 
difficulty, in order to dynamically adapt the trial flow to the subject’s responses 
and interactions. This adapts the proposed trial to the pace of the student, decreas-
ing stress and favoring the independence of the subject in carrying out the rehabili-
tation.  

• To provide psychologists and doctors with a tool for easily assessing the learning 
trend of their patients and refining the training program.  

The W3C Web Accessibility Guidelines (WCAG 2.0) and usability criteria drove the 
design of the software STELLA DS. The software exploits all the user’s sensorial 
channels in order to provide an enriched environment that favors the subject’s com-
prehension and stimulates attention, providing visual, audio and vocal information. 
For instance, to keep the subjects’ attention, textual commands are shown on the 
screen and vocally announced. To sustain learning, a short demo video is shown be-
fore the game starts for teaching by visual examples. Furthermore, the touchscreen 
device allows one to use pointing, which may be more natural, intuitive and easy to 
use than the mouse and touch pad.  

The system is accessible after a log-in phase. For DS people who may have diffi-
culty remembering passwords, the log-in phase is simplified, requiring only a nick-
name. No time constraints are applied when the tasks are assigned to the student and 
(s)he can stop and resume the game anytime. Feedback and reinforcers appear on the 
screen during the exercise, and are also announced, to increase the probability that the 
subject manifests positive behaviors in the future. Pre-recorded audio files, instead of 
a speech synthesis engine, have been used to make interaction more comfortable for 
the user. After the development of the prototype, a pilot test with two users was car-
ried out, to better understand the needs of subjects with DS. 

3.1 The Architecture 

The architecture consists of a web server integrated with a PHP interpreter and a 
MySql database. The classic LAMP Server -- Linux, Apache, MySql and PHP has 
been adopted. The database is used for data gathering, for adaptation, keeping the 
functional parameters, and for user management. It also enables multilinguism: de-
pending on the selected language, a corresponding set of labels is visualized in the 
user interfaces (UIs) of the application. 

To make the software (SW) fully flexible and configurable, each training exercise 
is implemented as a finite-state machine, defined through two database tables. One 
describes the states associated with the implemented page, the other the transactions 
from one state to another, based on the results of the previous state execution. In this 
way it is simple to modify the behavior of each module by only changing its descrip-
tion tables; no changes are required to the code.  

The UIs are implemented with HTML 5, style sheets (CSS) and Javascript (specifi-
cally jQuery). Each user interface is controlled by a routine Javascript with Ajax  
calls, both for the content processing and their presentation. Through Javascript, the 
user input is controlled both for users interacting via keyboard, mouse/touchpad and 
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The user can explicitly ask for help (by pressing an icon), or otherwise help is au-
tomatically provided if, after a fixed time (configurable as system parameter by the 
tutors) the user has failed to solve the trial. A request for help leads to repeating the 
exercise, if the student does not provide the correct answers with a percentage of at 
least 60%. The help functionality automatically runs after a fixed (configured in the 
application's parameters) amount of time if no actions in the Barrage module are per-
formed. Progressing one level is highlighted by a successful message vocally an-
nounced. Furthermore, the completion of a scheme of difficulty levels in a category 
receives a reinforcement provided by a short animation in addition to the sound mes-
sage. The execution of one of the modules can be halted when the user wishes. The 
next time the user accesses the software, it will resume from the point where it had 
been interrupted. 

5.2 Memory 

The second module is an electronic version of the classic Memory game: the screen 
displays a grid containing "covered" cards. The user is invited by a pre-recorded voice 
to find the matching pair of cards. Next, the user can begin to uncover a pair of cards. 
When two matching cards are identified, a confirmation tone (trumpet) is played and 
the two cards disappear. Conversely, if the two cards are different, they are again 
covered and an audible failure sound is played. At the bottom of the interface there is 
a progress bar to show the percentage of correct matches performed. At the end of the 
game, when all the card pairs are found, the whole schema is shown and a success 
message is vocally announced.  

Cards are grouped in categories: objects, animals and shapes. The game starts with 
the first category, progressing through the others, passing from the simplest scheme 
(two pairs of objects) to the most complex (six pairs of objects). When the user fi-
nishes a schema, a visual and audible feedback is provided, as in the Barrage module. 

Each schema is associated with a threshold value, which takes into account the 
maximum number of attempts to solve a schema. If a student goes over this error 
threshold, the same pattern is repeated automatically.  

 

 

Fig. 6. Memory User Interface 
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Currently the application allows tuning the game’s level of difficulty based on stu-
dent responses. Due to the large variability of users in terms of aptitude and skills, it 
would be appropriate to plan to diversify the trials depending on user abilities. For 
example, particularly able subjects may avoid too-simple levels of difficulty, which 
bore them.  

6 Discussion 

Preliminary results of a randomized controlled trial ongoing at IRCCS Stella Maris 
assessed the effect of an intervention of EE (psycho-physical training regarding func-
tional and cognitive skills) in adults with DS. The good success of previous training 
experience realized in IRCCS Stella Maris Institute suggests enlarging the number of 
the trainable people with STELLA DS. Tele-rehabilitation offers cost-effective ser-
vices that can improve access to care for patients with cognitive disorders. 

Tele-rehabilitation through a Web application can be utilized at home to create an 
Enriched Environment to train the brain and prevent dementia in subjects with DS. 
Specific rehabilitative content (memory, attention, cognition, reasoning, visual-
constructive and spatial abilities) will be trained and the effects of treatment will be 
tested by a neuropsychological protocol before and after training. We speculate that 
our software will support the rehabilitation of cognitive function at home, at low cost 
and with the possibility of increasing the number of involved people with the collabo-
ration of family associations. 

The STELLA DS arose from a collaboration of the Institute of Informatics and Te-
lematics of CNR in Pisa and the Stella Maris, a National Biomedical Research Insti-
tute for neurological and psychiatric disorders in children and adolescents. The aims 
of the two groups are dissemination of the importance of a tele-rehabilitative training 
to a large community of disabled people.  

7 Future Work 

This paper describes the design and development of software for combating the men-
tal decline of people with DS. The software is a web application usable anytime,  
anyplace, with any device supporting a web browser. The application is partly custo-
mizable and is currently available in Italian and English. Two training exercises have 
been implemented to verify the feasibility of the proposed approach. A pilot test with 
two users has shown the interest of participants in using the software, confirming the 
opportunity to investigate the efficacy of the tool for tele-rehabilitation. 

For future studies we will develop more training games, and will carry out a user 
test recruiting a large sample of participants in order to investigate long-term effects 
of the use of the software and to evaluate its relevance in preserving cognitive ability 
and individual autonomy in everyday functions. 

The effects of cognitive training via STELLA DS will be tested following a neu-
ropsychological protocol that will evaluate the enrolled subject’s abilities before and 
after the training. 
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