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ABSTRACT

Dysgraphia is a deficit in the production of written language that has large impacts on childrens
quality of life, especially at school. New technologies have been described as a promising strategy
for its rehabilitation. Here, we propose the use of social robotics and new technologies to develop
an innovative approach to enhance writing skills acquisition for children with dysgraphia exploiting
the “learning-by-teaching” paradigm. In our research, we will focus on children with dysgraphia,
collaboratively working with teachers and therapists in a rehabilitation scenario. We propose the
design of social robots’ behaviors which support children engagement and learning as well as metrics
to evaluate our system’s acceptability for therapists, teachers and children. We will use Luxai’s
QTRobot together with a serious game, Dynamico, that focuses on improving children handwriting
skills. We will assure the system’s acceptability through its iterative design, improving it by exploiting
users feedback. We will also use the gold standard test for writing evaluation to assess whether the
system maps with the learning objectives.
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1 Background

Writing is an essential skill. It is one of the main mean for describing things and expressing emotions. For most people,
learning to write seems like a natural process, but some children have real difficulties : this is called “dsygraphia”, a
disturbance in the production of written language that can concern the product of writing (the written trace and its
legibility) as well as the process of writing (the movement produced during writing for example, writing speed)[1].
Dysgraphia can be associated with neurodevelopmental disorders (NDD), in particular with developmental coordination
disorders (DCD)[2]], which appear in the early stages of development and can cause a deterioration in personal, social,
academic or professional functioning[3l].

Children with dysgraphia are often viewed as neglectful or lazy by teachers at school, rather than suffering from a
learning disability they cannot control. This kind of situation attacks the child’s self-esteem and self-confidence as
well as his social relationships[4} 15| 16l [7, [8]. These negative effects will cause children to reject further learning to
handwriting, increase school-performance anxiety that can lead to an increased trait anxiety[l5]], which trapping them in
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a vicious cycle[9]. Hence, dysgraphia has a large impact on childrens quality of life, especially at school, and can also
have long term impacts on their academic trajectory[6]] .

Therefore, it seems essential to have methods and tools to help children with dysgraphia as efficiently and as early as
possible, in order to prevent short term as well as long term consequences. When dysgraphia is detected, it is usually
addressed either by teachers, in school setting, or by occupational or psycho-motor therapists[9]]. However, there is no
gold standard method for dysgraphia rehabilitation, even though several strategies have been investigated . The use of
new technologies have been described as a promising avenue for the rehabilitation of dysgraphia. But to this day, the
few tools developed have not encountered a great success among teachers and therapists and are not used in practice[6].

Our research aims at using social robotics and new technologies to develop an innovative approach which can positively
influence writing training for dysgraphic children[9]. The iReCheck project, a follow-up of the CoWriter project[10],
aspires to develop a semi-autonomous robotic platform endowed with social skills, acceptable both for children
and for teachers and therapists, and able to explicitly take into account the child and the caregiver presence in its
perception-decision-action loop.

Our hypothesis is that the use of social robots in this context can overcome the limits of the standard learning approaches
by proposing more engaging and individualized interventions to those children with special needs. However, the use of
such technology raises several questions, mainly:

* How should a social robot behave to support children engagement and learning?
* Could it be acceptable for the caregivers involved in the training activities, both teachers and therapists ?

 Can it help on breaking dysgraphia’s vicious circle by improving children’s self-confidence and limiting
writing avoidance?

Responding to such questions will give hints on the possibility of developing an autonomous system able of assisting
the caregiver in real use-case scenarios.

In our research, we propose the use a robot in a “Learning by teaching” paradigm[/11]], a pedagogical method in which
students learn by teaching to someone else.Learning-by-teaching has been proven to be effective for acquiring new
knowledge and new skills[[12]], while increasing motivation and self-confidence[13]. In our setup, the robot will ask the
child to play the role of a teacher while it plays the role of a student who seeks help to improve his writing skills[[L1].

The social capabilities of the social robots in learning-by-teaching is particularly important: most theories propose that
the efficiency of such learning schema relies on the social involvement it elicits [14]]. Compared with the traditional
handwriting training activities, the use of a small humanoid robot can make children more comfortable and at ease: the
simplified human-like embodiment of the robot will be able to provide simple, stereotyped and clear feedback; at the
same time, the non-judgmental nature of the companion robot will reduce the stress of children during the training.

2 Design

In our research, we will focus on children with dysgraphia, aging from 6 to 15 years old, with or without NDD,
collaboratively working with teachers and with psycho-motor therapists.

We will use our robot in conjunction with a serious game for a tablet, “Dynamico’ﬂ that, while focusing on improving
children writing, is able of describing handwriting in term of a large variety of features (handwriting direction and size,
handwriting speed, pen pressure and pen tilt)[[15] [16].

We will design two scenarios: a first is set in a one-to-one remediation context (Fig[T). Here, the caregiver will have a
total control of the robots behaviors through a simple interface within a tablet. The results obtained in such scenario
will be preliminary to a second one, in which we will propose a more autonomous system that will be employed in
classrooms. In this case, the robot will be able to display reactions without being explicitly triggered by caregivers that
can, in any case, retake its control, preventing it from acting if needed.

Before this research, we did a pilot study with one children, using the NAO robot for twenty sessions. Considering our
needs, we observed some limitations with the NAO robot, such as the fragility of its fingers, the instability of its body,
and also the insufficient range of its social expressive abilities[[16].

!The serious game “Dynamico”: https://www.dynamico.ch/


https://www.dynamico.ch/
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Luxai’s QTRobot (Fig[2) was chosen as the preferred social robot platform for our research, as provided by an extensive
range of expressive abilities, a broader set of facial expressions and a better stability extremely useful for long-term
usage[17]. Moreover, it has a childish appearance and voice, appropriates for our scenario in which the robot should
be perceived by children as their peer. In terms of hardware, QTRobot integrates two PCs, a ReSpeaker Mic Array
composed by 4 microphones installed on its head and an Intel RealSense 3D camera on its forehead. Its face is a screen
that can display various emotions (Fig[3). The robot’s head allows for yaw and pitch rotation. Both anthropomorphic
arms have 3 degrees of freedom. Besides, QTRobot’s programming interface (API) aims to facilitate access to basic
robot functionality by leveraging a set of user-friendly ROS interfaces. The functionalities of each robot are accessible
using the publish/subscribe and service/client interfaces of the ROS (Robot Operating Systen‘EI). The main interfaces
are those of the engine, those that regulate the displayed emotion, speech, audio, higher-level gestures, and the 3D
camera.

(a) Happy (b) Angry (c) Kiss (d) Confused

Figure 3: Examples of QTRobot’s different facial expressions

3 Assessment

To answer our research questions and to assess whether our system reaches its goal, we will proceed to following
measures, shown in table[T]

The design of social robot’s behavior will be grounded on a tight collaboration with teachers and therapists. We will
iteratively collect users’ feedback thanks to semi-directed interviews as well as questionnaires (SUS, AttrakDiff and
Godspeed), modifying our robot’s behavior according to their responses. Caregivers’ interface logs will be used to know
which behaviors are actually selected by them. Data collected by the external perception system will let us perceive
in which condition these behaviors are selected. The external perception system also allows us to record and study
the triadic interaction (caregivers - children - robot) in detail. Notably, all those measures will be exploited also to
study both the system’s acceptability from the point of view of the caregivers, as well as its degree of engageability and
likability from the perspective of children.

To assess whether our system maps with our learning objectives and if it can help breaking dysgraphia’s vicious circle by
improving children’s self-confidence while limiting writing avoidance, we will collect and analyse multiple observations
of the self-perception profile and of the BHK results. This will give us the possibility of studying the progression in

Robot Operating System: https://www.ros.org/
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Measures Description
BHK]18]] Gold standard test for writing evaluation
Self-perception profile for children[19] Children’s self-confidence evaluation
System Usability Scale (SUS)[20] Users’ experience assessment
AttrakDiff scale[21] Users’ experience assessment
Godspeed questionnaire[22] Perception of social interactions with robots
Semi-directed interviews Participants’ subjective experiences and opinions
Serious game logs Handwriting features, sessions duration and number of games played
Caregiver’s interface logs Caregiver’s control activity
External perception system RGB and RGB-D camera, microphones,
Human-robot interaction information

Table 1: Description of collected measurement

time of self-confidence and writing efficiency. Together with such measures, serious game logs can draw the evolution
of handwriting skills and the time spent on writing training.

4 Acknowledgements

This work is financed by the bilateral French-Swiss ANR-FNS project iReCheck (ANR-19-CE19-0029 - FNS
200021E_189475/1).

References

[1] Sara Rosenblum, Patrice L. Weiss, and Shula Parush. Product and process evaluation of handwriting difficulties.
Educational Psychology Review, 15(1):41-81, 2003.

[2] Clémence Lopez, Cherhazad Hemimou, Bernard Golse, and Laurence Vaivre-Douret. Developmental dysgraphia
is often associated with minor neurological dysfunction in children with developmental coordination disorder
(dcd). Neurophysiologie Clinique, 48(4):207-217, 2018.

[3] American psychiatric association. DSM-5: manuel diagnostique et statistique des troubles mentaux. Elsevier
Masson, 5e edition, 2015.

[4] Peter Chung and Dilip R. Patel. Dysgraphia. International Journal of Child and Adolescent Health, 8(1):27, 2015.

[5] Thomas Gargot, Thibault Asselborn, Hugues Pellerin, Ingrid Zammouri, Salvatore M. Anzalone, Laurence
Casteran, Wafa Johal, Pierre Dillenbourg, David Cohen, and Caroline Jolly. Acquisition of handwriting in children
with and without dysgraphia: A computational approach. PLOS ONE, 15(9):1-22, 2020.

[6] Maélle Biotteau, Jérémy Danna, Eloise Baudou, Frédéric Puyjarinet, Jean-Luc Velay, Jean-Michel Albaret,
and Yves Chaix. Developmental coordination disorder and dysgraphia: signs and symptoms, diagnosis, and
rehabilitation. Neuropsychiatric Disease and Treatment, 15:1873—-1885, 2019.

[7] Alyssa L. Crouch and Jennifer J. Jakubecy. Dysgraphia: How it affects a student’s performance and what can be
done about it. TEACHING Exceptional Children Plus, 3(3):1-13, 2007.

[8] Batya Engel-Yeger, Limor Nagauker-Yanuv, and Sara Rosenblum. Handwriting performance, self-reports, and
perceived self-efficacy among children with dysgraphia. The American Journal of Occupational Therapy: Official
Publication of the American Occupational Therapy Association, 63(2):182-192, 2009.

[9] Thomas Gargot. Algorithms and robotics allow to describe how we learn handwriting and how to better help
children with difficulties. PhD thesis, Paris VIII university, 2020.
[10] Deanna Hood, Séverin Lemaignan, and Pierre Dillenbourg. The cowriter project: Teaching a robot how to write.
Proceedings of the 2015 Human-Robot Interaction Conference, 2015.

[11] Severin Lemaignan, Alexis Jacq, Deanna Hood, Fernando Garcia, Ana Paiva, and Pierre Dillenbourg. Learning by
teaching a robot: The case of handwriting. IEEE Robotics Automation Magazine, 23(2):56-66, 2016.

[12] Adam R. Carberry and Matthew W. Ohland. A review of learning-by-teaching for engineering educators. Advances
in Engineering Education, 3(2):1-17, 2012.

[13] Cynthia Rohrbeck, Marika Ginsburg-Block, John Fantuzzo, and Traci Miller. Peer-assisted learning interventions
with elementary school students: A meta-analytic review. Journal of Educational Psychology, 95:240-257, 2003.



A PREPRINT - FEBRUARY 17, 2021

[14] Yanghee Kim and Amy L. Baylor. A social-cognitive framework for pedagogical agents as learning companions.
Educational Technology Research and Development, 54(6):569-596, 2006.

[15] Thibault Asselborn, Mateo Chapatte, and Pierre Dillenbourg. Extending the spectrum of dysgraphia: A data
driven strategy to estimate handwriting quality. Scientific Reports, 10(1):1-12, 2020.

[16] Thomas Gargot, Thibault Asselborn, Ingrid Zammouri, Julie Brunelle, Wafa Johal, Pierre Dillenbourg, Dominique
Archambault, Mohamed Chetouani, David Cohen, and Salvatore Maria Anzalone. “it is not the robot who learns,
it is me”; treating severe dysgraphia using child-robot interaction. Frontiers in Psychiatry, 12, 2021. (In press).

[17] Charline Grossard, Giuseppe Palestra, Jean Xavier, Mohamed Chetouani, Ouriel Grynszpan, and David Cohen.
Ict and autism care: state of the art. Current Opinion in Psychiatry, 31(6):474-483, 2018.

[18] L Hamstra-Bletz, J] DeBie, BPLM Den Brinker, et al. Concise evaluation scale for childrens handwriting. Lisse:
Swets, 1, 1987.

[19] Susan Harter. Self-perception profile for children. University of Denver, 1983.

[20] John Brooke. Usability evaluation in industry, chapter SUS: a" quick and dirty" usability scale, pages 189—-196.
Taylor and Francis, 1996.

[21] Marc Hassenzahl, Michael Burmester, and Franz Koller. Attrakdiff: Ein fragebogen zur messung wahrgenommener
hedonischer und pragmatischer qualitit. In Mensch & computer 2003, pages 187-196. Springer, 2003.

[22] Christoph Bartneck, Dana Kulié, Elizabeth Croft, and Susana Zoghbi. Measurement instruments for the anthropo-

morphism, animacy, likeability, perceived intelligence, and perceived safety of robots. International journal of
social robotics, 1(1):71-81, 2009.



	Background
	Design
	Assessment
	Acknowledgements

