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Abstract
In line with the recent findings on motor abnormalities in autism spectrum disorder, this study
presents a tool designed on a new concept of rehabilitation based on a "sensorimotor reeducation". We propose the use of visual-spatial and auditory stimuli to "augment" the physical
reality of the child and strengthen the kinesthetic and sensory information, with the aim of
rehabilitating action planning processes using tasks based on implicit procedural learning.
The work presents the software "EasyDraw", a co-adaptive child-computer interface that
controls the sensorimotor feedback through "forced" cause-effect relationships.
Our preliminary findings demonstrate that individuals with autism have spontaneous sensorymotor adaptive abilities and that this can play a pivotal role in rehabilitation processes.
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1. Introduction
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by some specific
impairments related to social interaction, communication and restricted behaviors, interests, and
activities, which are repetitive and stereotyped. In addition, abnormalities in ASD include motor
dysfunctions [1][2][3][4]. Autistic individuals may have delayed development of the fundamental
movement skills, which results in difficulties in organization and planification and coordination of
movements. Normally, at 3 months of age typically developing (TD) children learn to coordinate their
limbs using their physical movements to self-discovery, through coordination models that lead them to
achieve systematically a goal that has not been instructed or commanded [5].
Several studies focused on delayed motor development in autism and tried to understand these
abnormalities. They focused on how the body perceives and acts for individuals with autism. Masterton
and Biederman (1983) [6] tried to understand how motor control systems work in individuals with ASD,
specifically, they questioned on goal directed movements. They suggested that their motor style is
focused on proprioceptive information, rather than on visual information [7]. This result was later
confirmed by other [8][9]. These studies indicated that individuals with ASD fail more when asked to
program a movement towards a target positioned afar, in that case, in fact, proprioceptive information
must be integrated with sensory information (e.g. visual stimuli) to complete the action [10].
Some authors, on the other hand, have reconsidered movement as the result of re-afferent feedback
from the environment, whose information is shaped from the periphery to the central nervous system
(CNS). At this level, movement plays a fundamental role in the intentional control of action. Torres E.
B. in the 2011 [11] describes micro-movements as the result of these re-afferent feedback which lead
to precise patterns of movement, which contribute to the regulation, coordination and control of the
action. These motor actions are on a gradient of movement variability, from involuntary to goal-directed
movements. Spontaneous or reflex movements can be considered as innate and embedded in natural
and rhythmic socially influenced sequences from the very first months of life [12].
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In autism, the development of this type of movement is damaged, as results we observe abnormalities
during the execution of motor actions (e.g., clumsiness, tiptoe walking, poor limb coordination,
impaired eye-hand coordination).
These perspectives fit with Embodied Cognition theory [13], as far as, cognition is the result of
experience and experience itself is the result of body-world interaction. “The body, through its
sensorimotor abilities, draws biological, psychological and cultural information from the environment”
[14]. According to this principle, human behavior can be defined as the result of human actions,
environmental changes and their consequences on future behavior itself. This exchange is more than
merely adaptive. The body is the first and main means through which human beings interface with the
world. The development process relies on the integration of the information from the body
(proprioceptive stimuli) and the surrounding world (sensorial stimuli). According to this statement, it
may be useful to treat autism also through a sensorimotor re-education
In the last twenty years, some authors identified these motor abnormalities as typical motion patterns
for autism [15][16][17][18][19][20]. These studies also play an important role for diagnostic process,
given the limitations related to the diagnostic process for autism [21]. On the other hand, another
important issue is to identify a valid therapeutic and rehabilitative approach to repair this damage.
Recently, some authors have wondered if it was possible to exploit the adaptive capacities of autistic
individuals to work on the self-regulation of their goal-directed movements. The aim was to reshape
the connection between intention and action, reinforcing the causal relationship through the use of
visual and / or auditory feedback. Motor index detection was used to measure and test the quality of
their movements [22].
In line with previous results and the recent studies that demonstrated the effectiveness of hi-tech
tools for rehabilitation [23][24], this study presents “EasyDraw”, a software designed to work on reorganize movement planning schemes. Some preliminary descriptive findings have been reported in
results session. The target of the task is stimulating the integration of sensory feedbacks, through
"forcing" cause-effect relationship between their own action and the world’s “reaction”. This study fits
within the research field of embodied cognition, and aim to enhance autism rehabilitation processes,
towards a "sensorimotor re-education".

2. Methodology
2.1. Participants
The present study is a pilot study and involved 5 children diagnosed with ASD recruited at the
Neapolisanit s.r.l. rehabilitation center. The participants were all males between the ages of 6 and 9. At
the time of the study, three of the participants, were following a training with a hi-tech augmentative
alternative communication tool (AAC) LI-AR [24], so they were familiar with the use of tablets.
For privacy reason we named participants with alphabetic code: A.A., E.E., G.F., G.G., P.P..

2.2.

Materials

EasyDraw software was developed in Unity, using C#. A tablet with touch-sensitive screens was
used to record movement coordinates of dragging movement on the screen during the task. The App
consists of 2 different scenes that alternate each other. The first one (Figure 1) is a totally white screen
where the user can move his finger drawing a multicolor line. This line is designed to disappear within
few seconds from the touch, with the same speed and style of the movement performed. The second
scene plays a short video.

Figure 1: The image shows the first scene, the white screen and the multicolor line derived from the
user’s dragging movement.
Switching between the two scenes occurred when the user performed some precise movements. In
particular, the software was designed to randomly choose a "target area" on the screen. The target area
is always invisible to the user and, each time the user touches the area, a 13 second video starts. The
video plays consecutive parts of music video and / or episodes of cartoons selected among children's
favorites, according to their parents or therapist report. The target area can be placed anywhere on the
screen, and its position can change each time, according to the experimenter's settings. For the study,
the position was set to change after 3 times the user reached the area itself within 40 seconds from the
start of the probe.
The goal was to evoke voluntary but not goal-directed movements on the screen of a tablet. The
trajectories resulting from this movement were recorded runtime as spatial coordinates (x; y). The
software records: (a) the number of finite trajectories (Trt), as the set of coordinates resulting from the
moment the user places his finger on the screen until he lifts it off the screen; (b) the set of Trt necessary
to reach the area (GenTent); (c) the (Probe) as the number of attempts necessary for the area to change;
(d) the position of the target area (PosA); (e) x, y coordinates of movement. (Figure 2)

Figure 2: The figure shows a portion of the datasheet resulting from the task.

2.3.

Procedure

During the test, the participants sat on small children's tables facing the therapist. For the pilot study
experimenter set default settings for all the participants. The target area was 1.1 x 0.8 mm. The
acquisition criteria for changing area was set to 3 probe in 40 sec. Participants received the tablet set on
the white scene and no instructions were provided. If participants do not interact whit the tablet for 10

sec, therapist may suggest verbally or with some physical prompt to start exploring the screen.
The goal was to obtain an interaction with the screen as autonomous as possible. Each participant could
learn how to perform the task, without any external suggestion, so that the experience of their own
actions would suggest the goal of their movement itself. The task was completed when the last video
was played, regardless of the performance.

2.4.

Measurement

The coordinate of movement were analyzed as: (a) MeanSpeed, the average speed values per Trial;
(b) MeanAcceleration, the average acceleration values per trial; (c) Straightness index, the ratio between
the distance of the starting and ending points of a trajectory and its length; (d) Directional change, the
change in direction over time; (e) MeanLenght, the average amount of finite trajectories conducted
during each task; (f) Trt, the average number of finite trajectories needed to reach the acquisition
criterion for each Trial. In addition we observed the change in time spent to reach the target area as: (g)
DTxT, the decreasing trend per trial obtained by the difference of time between first and last probe for
each trial; (h) DT the general decreasing trend of time spent to reach the target area from the beginning
to the end of the whole task.

3. Results
Participants engaged with task for an average duration of 7 min and 66 sec, with a minimum of 4
min and 11 sec and a maximum of 10 min and 45 sec. Each participants reached the target area for at
least 2 times, conducting the number of probe necessary to complete the video. Their main speed was
of 5.127298 mm/ms2, while their average acceleration was 19.50328 mm/ms2. The average STH value
was 0.429447, for 2 of the participants this value showed an increasing trend within the trials. For all
the participants, except for one of them, the DC value showed a decreasing trend.
All the participants showed a general sharp decrease in time spent to reach the target area (DT). An
average decrease in time was recorded also for each trial. A.A. showed a 95% of DT and DTxT, G.F.
had a 97% of DT and 91% of DTxT, G.G reached a 94% of DT and a 71% of DTxT, P.P. showed a
weaker decrease with a 52% of DT and a 74,64% of DTxT. E.E. was the only one to show a nonconsistent decreasing trend, in fact we observed an increasing trend (IT) of time during 2 trial amounted
to 41% and a DT for the other two of 30%.
The differences emerged for E.E. triggered to a more detailed analysis of his movement
performance. Furthermore we compared it with G.F. performance as his results were consistent to the
group. Following a more detailed description of motion data for two of the participants. G.F. (Figure 3)
and E.E. (Figure 4) showed the best performances reaching the greatest number of target area, but they
also showed the most divergent features of movement. These 2 participants needed the fewest number
of attempts to reach the acquisition criteria and thus change the target position. G.F. took 10 min and
54 sec to complete the task, and he reached the target area 18 times with an average of 3,75 probe per
trial (3 was the minimum of probe necessary to the target area to change position). E.E. took 6 minute
and 42 seconds to complete the task and he reached the target area 16 times with an average of 4 probe
per trial.

Figure 3: The graphs show the trend of some motion features during the G.F.’s performance.
Respectively related to speed, acceleration, straightness, directional change, trajectory length and
number of traits drawn during the performance, divided per trials.

Figure 4: The graphs show the trend of some motion features during the E.E.’s performance.
Respectively related to speed, acceleration, straightness, directional change, trajectory length and
number of traits drawn during the performance, divided per trials.

4. Discussion
This study, overall, presents a new way of thinking about rehabilitation for children with autism. We
focused on how autistic individuals perceive the world and integrate these information with their own
body perception. In an embodied perspective we propose a rehabilitation process that, without any
instruction, physical prompt or imitation aid, could stimulate the child to discover the world and the
cause-effect relation between his action and the world reaction. The aim was to design a task that would
provide an experiential acquisition rather than an habit, using an implicit learning process. At this point
in the work, we still have limited results to confirm the statement but we obtained preliminary finding
on motion learning trend.
In general, we observed that, despite some motor pattern differences, each participant was able to
meet the acquisition criteria and complete the trial at least two times and at most 5 times, employing on
average 7 min. Most of the participants showed an increasing trend in acceleration and speed values, a
decreasing value for the DC measure, a decreasing number of finite trajectories (Trt) and mean length
of these trajectory. Quite all participants showed a general decreasing trend in time spent reaching the

area showing an adaptive behavior to the task. For some of the participants we observed divergent trend,
regardless of the performance, as shown in Figure 3 and Figure 4.
Although G.F. and E.E. showed similar performance, their pattern of movement showed some
interesting differences. E.E. showed the most atypical results, with a decreasing of STH and an
increasing DC value, he drawn trajectories the most irregular. Furthermore, is evident an increase of
trajectories’ length as well as an increasing of number of finite trajectories drawn to complete the task.
These movement pattern may suggest a gradual worsening of the performance, but this did not actually
occur. These data reflect what has been observed during the experimentation. In fact, the observation
of the experimental session and the therapist report, highlighted the presence of stereotyped behavior.
Thus, these results could be probably due to the E.E.'s tendency to visually self-stimulate with the
multicolor line produced during movement. So, during the task, whenever the white screen was
presented, the child started to draw his multicolor line until he was satisfied and only after his selfstimulation was concluded he get the target area.
This result highlights that such a tool has the potential to provide new behavioral measures. A
limitation of usability is also highlighted, in fact, it probably requires a greater customization level. For
example, for children like E.E., the tool could be programmed to produce no visual effect during
movement, but only the final consequence. Furthermore, this work, as mentioned, is inspired by the
works of Torres, Yanovich, Metaxas from 2013 [22], in their study, the authors programmed the
software to play the video as long as the participant stay in a certain position. Extensions of the present
work could follow this direction, in order to strengthen the cause-effect dynamics. Further longitudinal
studies and, a larger sample, are certainly necessary to observe both evolution over time and differences
between individuals with ASD and other populations.
This study demonstrates that specific rehabilitation conditions, with little or no instruction, allow
the children to independently discover the implicit goals of a task and independently learn how to plan
their future actions in order to maximize the reward. Furthermore, analyzing this type of data, we may
be able to quantify in real time the levels of predictability and reliability of the movement, from random
to exploratory and goal-directed movements. The idea is that for ASD individuals the capacity of
learning retention could be better and more effective if the interventions were based on spontaneous
discovery rather than exclusively on explicit commands.
Through these activities could be possible to involve people with autism in spontaneous exploration,
modulate their motor outputs according to external stimuli and make external reinforcements selfdetermined, leading to a more ecological learning process.
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