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ABSTRACT
Children with Down Syndrome (DS) have deficits in eye-
hand coordination skills. Deficits in eye-hand coordination
could negatively impact the acquisition of literacy skills. In
this paper, we present BeeSmart, a gesture-based videogame
for supporting eye-hand coordination and literacy skills.
BeeSmart is based on the Troncoso’s method for literacy,
and it uses a gesture tracking sensor. The interaction model
of BeeSmart is through air gestures: children use the forefin-
ger to play with the videogame. We describe the four playing
levels of BeeSmart and how each one is aimed at supporting
specific aspects of the literacy skills using eye-hand coordi-
nation.
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1 INTRODUCTION
Down Syndrome (DS) is a genetic disorder caused by an extra
chromosome, and it occurs in 1 about 700 births. Children
with DS can have impairments in cognitive ability and physi-
cal growth, mild to moderate developmental disabilities, and
a higher risk of some health problems (e.g., Alzheimer disease
and epilepsy). Additionally, children with DS might experi-
ence deficits in eye-hand coordination [2]. That is, the ability
to integrate both visual and motor abilities to accomplish a
goal (e.g., reaching a ball). It involves using hands/fingers
to reach a visual target. Deficits in eye-hand coordination
could impact negatively on the acquisition of literacy skills
(i.e., the ability to read and write [1]1), as it is one of the
main components that contribute to the quality of handwrit-
ing [5]. The Troncoso’s method is an approach designed to
teach children with DS read and write [4] and it is designed
to recognize words as a whole, instead of breaking words
into letters. The philosophy of the Troncoso’s method is to
recognize the meaning of written symbols (i.e., words) by
association. Children recognize words making relationships
between the written word and its associated pictogram.
Gesture-based videogames, digital games that are con-

trolled using gestures without wearing additional aides (e.g.,
body markers) might have the potential to support eye-hand
coordination of children with DS, as they can track hand
movements to execute some actions on the screen, and due
to its interactivity and engaging and immersive activities
[3]. Also, gesture-based videogames can be a promising tool
to support the literacy process, combined literacy methods
for children with DS such as Troncoso [4], and gamifica-
tion techniques, such as rewards. In this demo, we present
BeeSmart, a gesture-based videogame for supporting eye-
hand coordination and literacy skills of children with DS,
based on the Troncoso’s method for literacy.

1Literacy is an activity based on written and spelling systems.
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Figure 1: BeeSmart levels. (a) Level 1; (b) Level 2; (c) Level 3; (d) Level 4.

2 SYSTEM DESCRIPTION
BeeSmart has four levels to be played by children with DS
and a therapist module, where therapists can review details
of the children’s game sessions.

BeeSmart Levels
In each level, children use their forefinger to play the game,
using air gestures. That is, children do not need to use any
additional device to play the game. At the beginning, the
therapist selects the topic (e.g., shapes, colors) and the word
(e.g., triangle, yellow) that s/he wants to work with children.

Level 1: Drawing the pictogram. Children use their forefin-
ger to draw pictograms (e.g., a square), following a dotted-
path (Figure 1a). The written word associated with the pic-
togram is also shown on the screen and the pronunciation
of the word is played at the beginning of the level. A button
to replay the pronunciation of the word is available on the
screen. In this level, children follow the dotted-paths, but
at the same time, they are seeing the written word on the
screen and listening to its pronunciation. The pronunciation
feature is available in all levels as well as the pictogram and
the written word are always shown on the screen to promote
visual association of words and pictograms.

Level 2: Drawing the word.. Children use their forefinger
to write a word following a dotted-path (each dot appears
once the child joins the previous one) associated with the
corresponding pictogram on the screen (Figure 1b).
Level 3: Ordering syllables. Children use their forefinger

to move syllables to complete the word associated with the
pictogram on the screen (Figure 1c) .
Level 4: Ordering letters. Children use their forefingers to

move letters available on the screen to complete the word
associated with the pictogram on the screen (Figure 1d).

Therapist Module
Although each BeeSmart’s level requires a cognitive effort
that is higher in the last levels and as each child with DS
has a different cognitive and motor functioning level, it is
the therapist who decides when the child should go on to

the next level. To facilitate that, BeeSmart’s therapist mod-
ule enables therapists to review each game session played
by children. For each game session, the therapist module
shows the child’s name, the level played, the duration of the
game session (total and by trials), the successful and unsuc-
cessful trials, as well as child’s performance (displayed as a
percentage of successful trials divided by the total trials).

Implementation Details
Gestures are tracked using the Intel®RealSenseTM SR300
Sensor. The tracking is activated once the therapist starts a
level. Intel®RealSenseTM Sensor tracks children’ forefinger,
and it enables children to play all levels either with the right
or the left hand. BeeSmart is implemented using C# language
and Unity game engine development platform 2. All data is
stored on the local system (i.e., using a PC with an Intel Core
i5 5th generation processor and 8 GB RAM).
An introductory video have been recorded available at

YouTube at https://goo.gl/zJEM6j
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