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Abstract—This paper explores social capability properties via
eye-hand coordination with a case study. In order to investigate
social capability properties, an ICF based protocol is designed
and experiments are conducted in a customized platform for
investigating social capability for children with autism spectrum
disorder. A set of eye-hand coordination based properties are
extracted to represent individual social capability in terms of
eye-hand coordination. A set of metric are also defined to
measure the coordination behaviour such as engagement. It is
evident that the eye-hand coordination based properties have
huge potential for analyzing social capability, pave the way for
machine-assisted intervention for ASD children.

Index Terms—autism, autism spectrum disorders, ASD, ICF,
social capabilities, hand movements, engagement, Shannon
entropy, RQA

I. INTRODUCTION AND LITERATURE REVIEW

Autism Spectrum Disorders (ASD) is a neurodevelopmen-
tal disorder which is characterized by impairments in social
interaction and communication and repetitive behaviors and
interests [1]. 1 in 68 children have a prevalence of ASD
in the population and its prevalence has increased strongly
with high variability across the world and a mean national
prevalence of 0.7 to 1 percent [2, 3, 4].

A. Motor Skills and Gestures

Current clinical diagnostic tools, such as the International
Classification of Diseases (ICD-11) [5] and the Diagnostic
and Statistical Manual of Mental Disorders (DSM-V) [6]
do not include motor impairments, however it is a known
difficulty in individuals with ASD [7]. Importantly, the di-
agnostic tool, the International Classification of Functioning,
Disability and Health (ICF) [8] does cover motor functions
which leads the way in motor difficulties being slowly
recognized. ASD is currently diagnosed by a clinician, in
which the DSM-V is mainly used in the US and the ICD-10
globally [9, 10] As both the ICD-11 and the DSM-V are used
as clinical standard tools it does not reflect an individual’s
level of functioning in terms of a disorder, such as motor
impairments [11].

Reference [12] suggests that the presence of stable pat-
terns of repetitive and/or idiosyncratic behaviors and/or the
absence of spontaneous gestures can help the clinician in
diagnosing children with ASD. Research has shown that the
quantity of gestures in children with ASD is reduced [13, 14,
15, 16]. Furthermore, children with ASD also show fewer
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Fig. 1. Participant under drawing task with data acquisition system

gestures using pointing, showing and reaching compared to
neurotypical children [17, 18, 19, 20].

B. Eye-Hand Coordination

Eye-hand coordination is a complicated process that re-
quires the precise activation of ocular and manual motor sys-
tems [21]. Movements such as reaching for and gasping for
small objects is depended on the ability of acquiring excellent
visual information about the environment and coordinate eye
and hand control [21, 22]. In addition when we reach or touch
objects our eyes will fixate on the objects of interest before
any hand movements begin [21, 23]. Reference [24] has
conducted a study in which the results showed that children
between the ages of 4 and 8 with ASD showed normal eye
gap effects but no concurrent hand gap effects when pointing
to the target objects. This can be interpreted that individuals
with ASD have eye-hand coordination difficulties.

C. Social Capabilities

Social capabilities, also called social skills can be defined
in a behavioral therapy and analysis context as interpersonal
responses with specific operational definitions that allow
the child to adapt to the environment through verbal and
nonverbal communication [25, 26, 27]. Social impairments
are the most important element in the definition of ASD
because social impairment is one of the main features in
diagnosing ASD [28]. Previous studies have found that social



behaviors such as eye contact and social interactions are
impaired in children with ASD [29, 30].

D. The Presented Case Study

Previous literature has shown that there is a link between
motor difficulties, social capabilities and eye-hand coordina-
tion in children with ASD. Based on this, this case study
focuses on testing two participants using a fixed camera
system and a more refined motion protocol. The aim in
this study is to test our own developed camera system
using our developed motion protocol in testing our own
developed scenario focusing on hand movements in which
the motion protocol and the camera system can be tested on.
The contributions of this paper are the following:

• redesigning a drawing task under a technology-aided
hand-eye data acquisition system;

• testing a hand draw task with a detailed protocol;
• testing the scenario with the camera system and the

motion protocol.
The following paper is structured as the following: Section

II summarizes the methodology used in this study, Section
III summarizes the results of this study, Section IV discusses
the results of this study, and Section V concludes this study
and gives implications for future work.

II. METHODOLOGY

A. Participants

This study recruited two neurotypical adults aged 28.
Participant 1 is right-handed and participant 2 is left-handed.
Both participants do not have a history of motor difficulties.
We have only recruited two participants as this is a case study
and we were looking into the feasibility of this study before
testing it on ASD and neurotypical children.

B. ICF and the Motion Protocol

The motion protocol developed is based on the ICF
movement criteria for ASD. The relevant movement ICF
categories that were included in the motion protocol are
the b147 Psychomotor Functions, b760 Control of Volun-
tary Movement Functions and b765 Involuntary Movement
Functions. We decided to focus on motor skills since motor
skills and social communication skills are associated with
each other in ASD. As various studies have shown, motor
skill impairments are associated with social communication
functions in individuals with ASD [31, 32, 33, 34, 35].

C. Experiment Setup

The data acquisition system Figure 1 consisted of a
touchscreen device (iPad, Apple), a 27inch Monitor, a screen-
mounted infrared eye-tracking system (Tobii Pro, Tobii),
two RGB-D cameras (Realsense, Intel) and a Desktop (Intel
i7,32g RAM). All cameras are fixed on custom aluminium
frames with fixed geometric relationships. The touchscreen
device is used as a visualized tool for drawing interaction
only, and it displays drawing trajectories in real-time. During
the experiment, the two cameras and eye-tracker will capture
the participant’s hand motion, skeleton, facial data and Gaze
by a tailor-made python script (python3.6), where skeleton
sequence (pixel coordinate) is generators via Mediapipe API
from RGB data. All devices are synchronized at a frame rate
of 30Hz.

D. The Scenario

The scenario for which this motion protocol was developed
is a scenario in which the autistic and neurotypical children
will have to draw a cat. This scenario focuses on examining
the imaginative thinking of the children and will be used
with the assistance of a technology-aided system focusing on
children’s hand-eye coordination. The children will be asked
to draw four different complexity levels of a cat. Those levels
are very easy (Level 1), easy (Level 2), medium (Level 3)
and hard (Level 4). The children will be drawing an one-
touch drawing and will be drawing each of the complexity
levels drawing ten times. An one-touch drawing is a drawing
that is being made using only one line.

We particularly decided to use a drawing protocol to
examine social capabilities as previous research has shown
that drawings improve the development of motor skills,
particularly fine motor skills, emotional development, psy-
chosocial development, and the development of perception
[36, 37]. Furthermore, drawing development in children also
encourages visual analysis, helps establishing concentration,
improves hand-eye coordination, increases individual confi-
dence, and teaches creative problem-solving [37].

E. Protocol

The scenario protocol includes five steps. The first step
will be to greet the participant and sit them down. Then,
we make sure that the eye center is aligned with the camera
by adjusting the chair’s height. Afterwards, we calibrate the
Tobii eye-tracker.

In the second step, we make the participant aware of the
scenario by introducing the task.

For the third step, the participant will have a trial round
to try the device and to get familiar with it, particularly the
drawing on the tablet. In the fourth step, before we start
recording, we ask the participant if they are ready. We also
tell the participant to look at the screen the whole time.
The participant will be required to draw the cat ten times
following the demonstration video under each complexity
level. After each drawing, we wait about 5 seconds before
moving on to the next. After each complexity level drawing,
the participant takes a break of 2 to 3 minutes.

In the fifth step and final step, we will give the participant
a gift box and then say goodbye.

Both participants followed the exact same protocol.

F. Measurement of Engagement

In this scenario we will be also measuring engagement
to see the engagement with the camera system. This mea-
surement will be a good indication to show us differences
between neurotypical and ASD children.

Engagement will be measured by the duration of how long
the participant looks at the screen and by the duration of the
hand moving.

G. Categorical Representation

From the eye-movement data and hand skeletal motion
data, the synchronized eye gaze behaviour Figure 2 and
hand motion trajectory Figure 3 under the drawing task
were obtained, respectively. Thus, information such as gaze
position and hand velocity acceleration is known at each time



Fig. 2. Gaze point on Screen for (Complexity1, trial 1, P1) Fig. 3. Trajectories for index finger tip (Complexity1, trial 1, P1)

stamp. Thereby, we divided the hand states into three states
based on the hand motion velocity, resting, drawing, and
moving, plus two gaze states, with and without the gaze point
on the screen, respectively, resulting in six combinations of
hand-eye behaviour states, Table I. Following our previous
research [38], Shannon entropy and Recurrence Quantifica-
tion Analysis (RQA) had applied to the categorical hand-
eye behavioural state time-series to measure the hand-eye
coordination behaviour pattern under drawing task.

TABLE I
GAZE AND HAND SKELETON JOINT STATE

State Describe
0 Gaze on screen; without hand behaviour.
1 Gaze on screen; with hand drawing.
2 Gaze on screen; with hand moving.
3 No gaze on screen; without hand behaviour.
4 No gaze on screen; with hand drawing.
5 No gaze on screen; with hand moving.

Because of the small amount of data we have at this stage,
we generated a set of artificial data, i.e. random sets, using
a Bezier curve function to mimic random hand trajectories
and a random binary sequence to mimic whether or not gaze
point is on the screen.

H. Evaluation

This study focuses on investigating the feasibility of
our motor protocols and strategies for describing hand-eye
coordination, thus providing a theoretical basis for building
a larger dataset. Regarding our proposed description-based
hand-eye coordination quantification method, such as RQA,
this can be verified in two ways: 1) the results show the same
trend across participants at different levels of drawing diffi-
culty; 2) the participants’ drawing results differ significantly
from the manual data.

III. RESULTS

A. Engagement

The results for engagement display only the complexity
levels as a comparison where big differences can be seen.

The results for engagement show clear differences be-
tween both participants for the ratio between drawing and
moving time for the first complexity level (very easy).
When comparing the ratio between drawing and moving time
for complexity level 1 (very easy) and complexity level 4

(hard) the differences between both participants are still seen,
however the differences are not as extensive as before. The
results can be seen in Figure 4 and 5. In complexity level 1
(very easy) for participant 2 the last trial is missing.

Furthermore, for the second complexity level (easy) dif-
ferences between both participants regarding their gaze on
the screen during the drawing is seen. When comparing
the results from complexity level 2 (easy) to complexity
level 4 (hard) discrepancies can still be found between
both participants. Interestingly, in complexity level 2 (easy)
participant 1 uses less gaze compared to gaze in complexity
level 4 (hard). However, participant 2 uses more gaze in
complexity level 2 (easy) compared to gaze complexity level
4 (hard). The results can be found in Figure 6 and 7.

For the third complexity level (medium) the results show
clearly differences between both participants regarding the
gaze on screen while the hand was moving. However, when
comparing complexity level 3 (medium) to complexity level
2 (easy) those discrepancies are not as extensive as seen in
complexity level 3 (medium). The results are displayed in
Figure 8 and 9.

The results for complexity level 4 (hard) regarding the
ratio between the gaze on screen with the hand drawing and
no gaze on screen with the hand drawing for both partici-
pants show extensive differences. However, when comparing
complexity level 4 (hard) to complexity level 1 (very easy),
differences between both participants can be seen but they
are not as extensive as seen in complexity level 4 (hard).
The results can be found in Figure 10 and 11. In complexity
level 1 (very easy) for participant 2 the last trial is missing.

B. Results for Entropy Based Method

A custom R program is used to compute the recurrence
plot (RP) and the corresponding entropy from the sequence.
Where, RP is an important method to analyze the periodicity,
chaos and non-stationary of time series, which can reveal the
internal structure of time series and give a prior knowledge
about similarity, informativeness and predictability.

Complexity is measured by performing the Shannon en-
tropy on the diagonal line of RP (Figure 13). And the block
entropy measures the Shannon entropy of the block stricture
in the RP (Figure 14), both of which are reflex the complexity
of the system. In our experiment, it reflexes the complexity of
hand-eye coordination behaviour. As a result, there is a clear
gap between participant results and random results in both



Fig. 4. Ratio between Drawing and Moving Time for all ten Trials for
both Participants for Complexity Level 1 Very Easy.

Fig. 5. Ratio between Drawing and Moving Time for all ten Trials for
both Participants for Complexity Level 4 Hard.

Fig. 6. Gaze on Screen during the Drawing for all ten Trials for both
Participants for Complexity Level 2 Easy.

Fig. 7. Gaze on Screen during the Drawing for all ten Trials for both
Participants for Complexity Level 4 Hard.

Fig. 8. Gaze on Screen while the Hand is moving for all ten Trials for
both Participants for Complexity Level 3 Medium.

Fig. 9. Gaze on Screen while the Hand is moving for all ten Trials for
both Participants for Complexity Level 2 Easy.

Fig. 10. Ratio between gaze on screen with the hand drawing and no gaze
on screen with the hand drawing for all ten Trials for both Participants for
Complexity Level 4 Hard.

Fig. 11. Ratio between gaze on screen with the hand drawing and no gaze
on screen with the hand drawing for all ten Trials for both Participants for
Complexity Level 1 Very Easy.



Fig. 12. Recurrence plots for categorical sequence (Complexity 1, trial 1,
P1)

Fig. 13. Entropy of diagonal line of categorical recurrence plots

entropy estimates, showing positive effort for the categorical
representation measurement method with RQA. However,
there is no extensive difference between complexity levels,
wherein our hypothesis we are expecting to find higher
complexity results in the more complex drawing task.

In Figure 15, plot the result for two participants under
three different entropy in Box plot, for corresponding entropy
result, there is a similar margin for each estimated result. It
also showed fixed individual differences, with participant 2

Fig. 14. Block Entropy of categorical recurrence plots

TABLE II
BOX PLOT STATISTICS

P1-D P2-D P1-B P2-B P1-C P2-C
Upper whisker 2.25 1.87 3.78 3.47 2.5 2.34
3rd quartile 2.05 1.75 3.58 3.27 2.46 2.22
Median 1.94 1.71 3.48 3.19 2.44 2.11
1st quartile 1.85 1.64 3.39 3.12 2.39 1.88
Lower whisker 1.75 1.59 3.27 2.98 2.33 1.79
Nr. of data points 40 39 40 39 40 39
Mean 1.96 1.72 3.49 3.2 2.42 2.06

Fig. 15. Box-Plot for two participant. P1-D: Diagonal line entropy of
participant 1; P1-B: Block entropy of participant 1; P1-C: Shannon entropy
of participant 1;

always being lower than participant 1 on all three data. Those
differences indicate the experiment is very meaningful to
conduct further data collection to quantitatively assess hand-
eye coordination with a large sample of data. And include the
hand-eye in-coordination group as a control group to estimate
the statistical differences between health groups in terms of
those entropy measurements.

IV. DISCUSSION

In this paper, a drawing task under a technology-aided
hand-eye data acquisition system was tested using a detailed
protocol. This paper is a continuation from our previous
work [38]. The proposed method in this paper suggests a
camera system that captures hand and eye data in order to
see differences between neurotypical and ASD children.

Our case study results show that there are differences
seen between both participants in different complexity levels.
However, when observing the differences in each participant
in each complexity level the differences are not separate
enough which does not support our hypothesis in which we
expected to see differences in each participant following each
complexity level. Moreover, our results also show differences
regarding gaze on screen and ratio of drawing and moving
time between both participants. Furthermore, our results
show extensive differences between the random and the
normal sequence which suggests that our proposed method is
feasible. Based on our results and previous research we can
argue that these measures are transferable to ASD children as
we are expecting ASD children to show hand-eye movement
difficulties that our system can test. Based on our results we
can also say that our measurement is successful as it shows
differences between different complexity levels through both
participants.

It is also important to note that even though both partici-
pants are neurotypical, aged 28 and have no history of motor
difficulties, they differ in their handedness, meaning that we
had left-handed and right-handed participants and that these
results might also mean that handedness might be a factor
in those differences seen.

V. CONCLUSION AND FUTURE DIRECTIONS

Future work includes to possibly change the pictures
for the different complexity levels and to make complexity



level 1 easier than it is right now. Future work will also
include the measurement of performance that we have not
included in this case study. Moreover, future work should
include both left-handed and right-handed participants to see
if handedness might also be a factor in social capabilities
and eye-hand coordination. In conclusion, this study paves
the way regarding technology-aided systems in determining
differences between neurotypical and ASD children and to
be able to help individuals with ASD.
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