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Abstract. IntuiScript is an innovative project that aims for designing a digital notebook dedicated
to handwriting learning at primary schools. One of the main goals is to provide children real-time
feedback to make them more autonomous. These feedbacks are produced by automatically analysing
their drawing, and this online analysis makes possible an adaptation of the pedagogical scenario to
each child according to his own difficulties. The IntruiScript project complies with a user-centered
design approach, based on iterative campaigns of development and test with more than 1000 children
from three to seven years old, in 40 pilot-classes, and implying also teachers and pedagogical experts.
First short-term test campaigns have been done allowing to evaluate the pedagogical relevance of
educational scenarios proposed and have generated an anonymous database of 27.000 handwritten
characters, with their descriptions (gesture, drawing time, completion rate . ..). This paper presents
the approach to analyse the children writings and to give them feedbacks. The first observations
extracted from the in-class experiments and the database collected are also presented.

1. Introduction
In 1987, seven principles to improve teaching, especially for undergraduate students, have been
proposed (Chickering and Gamson, 1987). With the advent of new technologies, teaching methods must
adapt, and Chickering and Ehrmann (1996) enriched the original principles to help the use of new tech-
nologies. Especially they highlight three main recommendations that have been followed in the IntuiS-
cript ! project: good practice uses active learning techniques, gives prompt feedback, and respects diverse
talents and ways of learning. In 2013, a comparative study about the acquisition of the training hand-
writing between digital devices and paper was presented (Jolly et al., 2013). Results show a significant
improvement of children trained on the digital device compared to children trained on paper, notably in
terms of fluency (decreasing of the ’in-air’ time, and stopping time). One of the main differences between
the two approaches was the use of static model, as a letter write on a paper, for the paper-based approach
and a dynamic models, as a video showing the drawing of letters, for the digital-based approach. This use
of dynamic model is also an important point that have been integrated in the design of the IntuiScript
digital notebook. Therefore, digital devices that become more and more affordable for schools and teach-
ers, bring new tools that could help in the handwriting learning process. Based on that, the IntuiScript
project aims for the introduction of these kind of innovative services to support pedagogical innovation
in primary schools. Indeed, the main objective is to offer an advanced digital writing experience
at school by using pen-based tablet (see Fig. 1(a) and Fig. 1(b)). This project will:
e allow children to work in autonomy with online and real time feedback;
e propose pedagogical exercises that are adapted to the level of each child based on the automatic analysis
of their handwriting;
e provide precise off-line analysis of children’s writing (i.e. order, direction, shape) to help teachers to
understand children’s writing skills and difficulties;
e allow teachers to have a dual view on children skills with a dashboard giving an overview of children
performances but also to view in details the handwriting steps of an exercise.
During the project, several modules will be designed, each one is linked to different learning steps in pri-
mary schools and aims to improve different children’s skills. Therefore the designing is made in connection
with pedagogical experts. The IntuiScript notebook is currently composed of six modules: Block Letter
Writing, Digit Writing, Word Identification, Graphical Identification, Preparation to the Cursive Writing
and Cursive Writing. In this paper, we focus on modules for Block Letter Writing and Cursive Writing
illustrated by Fig. 1(c) and Fig. 1(d). This paper presents results of the first experimentation conducted
in 20 preschools with 465 children who have handwritten 27.000 letters. The proposed feedback and the
way they are defined are presented in section 2.. Then, Section 3. presents the firsts experiments and
results of the test campaigns currently conducted. Finally, Section 4. concludes this paper.

! http://intuiscript.com/



Fig. 1. IntuiScript project overview: First in-class experiment (a), with example of tablet tactile device used (b),
and different modules: for Block Letter Writing (c), and for Cursive Writing (d)
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Fig. 2. The on-line feedback given with a colour-scale indicator drawn under each gesture: very good (green with
yellow star) (a), good (green) (b), average (orange) (c) and incorrect (red) (d). An original gesture from a digital
device (e), and its decomposition in strokes (delimited by pen up) (f) and elementary strokes (S») (g) with the
drawing direction and order. Median strokes are represented by thicker lines in (h). And the scores and sub-scores
computed from different Block letters in (i), (j), (k).

2. Writing analysis

As explained before different works have shown the importance of feedback in real time (Kluger and
DeNisi, 1996; Shute, 2008), therefore in IntuiScript a special attention is paid to this aspect. In the
notebook, each module gives an on-line and real time feedback with a colour-scale indicator
(see Fig. 2(a) to Fig. 2(d)) that is easy to understand for children. Other visual feedback are accessible
to children, as an example the letter model is automatically played when they start an exercise, they
can replay this dynamic model as well as their letter when they want. Despite the user-friendliness of
the colour-scale feedback, its computation is based on fundamental writing analysis characteristics. In
the literature, handwriting quality is related to legibility and kinematic (Dinehart, 2015). The former
corresponds to letter shape and its associated readiness. The latter concentrates on the writing process
(e.g. order, direction, fluidity) that must be efficient, as writing is a fundamental skill that is necessary
for learning and using knowledge. More precisely, the writing process requires three central skills: a
complete visual representation of each letter (Fig. 2(e)), a recognition of elementary strokes in letters
(Fig. 2(f)), and the ability to reproduce a letter as a sequence of elementary strokes respecting the direction
(Fig. 2(g)) (Schickedanz, 1999). There are two typical applications resulting from the handwriting analysis:
the medical systems that use mainly the kinematic aspect (Jolly and Gentaz, 2013; Accardo et al., 2013),
and the educational systems that pay more attention to legibility features, and use simple kinematic
features (Falk et al., 2011). During the early learning stage of the writing, i.e. for 5 years old children
(target of IntuiScript), the focus is mainly made on the legibility of the writings (shape). Then, several
kinematic aspects are integrated especially the order, and the direction aspects. The French Ministry of
Education defines documents that describe a writing convention which is a recommendation for teacher.
Based on these recommendation, in the IntuiScript notebook, the handwriting analysis is
based on three criteria: shape, order and direction. Shape combined HBF49-shape features and
fuzzy histogram of orientation (Delaye and Anquetil, 2013; Simonnet et al., 2017). Order and direction
criteria are correct if the order and direction of elementary strokes are correct. Order is determined by
identifying the order of median strokes (i.e. the middle of elementary stroke, see thicker lines in Fig. 2(h))
in a gesture based on a median stroke classifier. Direction uses the fuzzy histogram of direction features
to characterise local changes of directions (Simonnet et al., 2017). Finally, the multi-criteria classifier
combines the scores cg, ¢, and ¢4 of the shape, order and direction classifiers, as follows:

1if ¢, +cqg=2
min(acs, 1.0) - P(cy, cq) where P(co,cq) =< oq if co+cg=1 (1)
ag if ¢, +¢4=0

where a; = 0.49, ap = 0.35 and a, = 1.1. This output score belongs to [0, 1] and is then linked to the
colour-scale indicator (see Fig. 2(i) to Fig. 2(k)).



Table 1
Description of the data extracted.

Complete Database Analysed Database
Module ) #Children Starting
#Symbol | #Children ]
#Symbol #Chlldren at least 1 time
Total 27.073 465 in average difficulty | in high difficulty
Block Letter 16.692 409 5675 189 111 149
Cursive Letter 10.381 237 6117 145 117 105

3. Experiments and first observations

The project is based on a user-centred design approach that involves several cycles of design followed
by in-class test campaigns? . For the project, three levels of in-class experiments are scheduled. The first
level aims for validating and consolidating in a progressive manner each of the designed modules (one
by one). The in-class experiments last 1 to 2 hours in the presence of children and teachers. This level
of experiments is followed by a consolidation step allowing the improvement of the notebook in order to
conduct the second level of tests in good conditions. The second level of tests, in short-term immersion (1
to 2 weeks), aims for experiments with the Authoring Mode and the Personalised Pedagogical Progression,
i.e. teachers configure their exercises by their own and, conducted their classes as they currently process
during handwriting learning session. After the consolidation step of the second level, the last level of tests
is dedicated to long-term immersion (3 months), that will allow an analysis of the notebook usefulness for
the handwriting learning (quality, fluency, etc.). In this paper, we focus on the data extracted from
the short-term tests. In this context, the use of digital devices is organised around digital workshops
of twenty minutes with six tablets. These digital workshops come in addition to the traditional workshop
on papers to understand the impact of digital technologies on the handwriting learning. From the past
tests, we have extracted anonymous information about all writings of around 465 children. Currently our
database contains more than 27.000 entries describing different features of children writings. Each entry
corresponds to a digit, a capital or a cursive letter written by a children. Among the different features,
the digital tablet allows the observation of the time required to write a specific symbol, the number of
strokes used to write it, and also the pressure applied by the children on the stylus all along each drawing.
Moreover, the score progression during the writing sequence of a child is recorded and each score can
be easily linked to specific criteria in the gesture done. A file with all entries -the letters, anonymous
ID, repeat number, age, gender, laterality, duration, number of strokes, average pressure, variance of
pressure, scores- is available online®. Among all these records, we extracted a subpart according to the
score tuning used (see Table 1). The 111 children in average difficulty for the first repeat of a Block
letter produced 299 input, corresponding to mistakes on 21 letters, 481 input were produced by the 117
children in average difficulty on cursive letter. 471 block letters with incorrect feedback were produced by
the 149 children in high difficulty, representing 19 different letters. And, 502 cursive letters were produced
by the 105 children in high difficulty on 21 different letters. Fig. 3 presents the observed progression of
children during the writing repetition of several block letters Fig. 3(a) and cursive letters Fig. 3(b) (initial
phase of the cursive writing module). Only Children with difficulties on the first repeat are considered
(see Table 1). For block letters, the first repeat corresponds to the letter they initially write in the whole
word, then the repeats 2 to 4, are the new trainings they have, to improve their writing. On both figures,
we can observe that children improve their scores no matter when the repeats are done (see the linear
trend -dashed lines- for each curve). We can also observed that children starting with the lower score
reach the average score: increase mean of 0.18 of the score - increase rate 9% for cursive letters, and for
block letter: increase mean of 0.39 of the score - increase rate 13%. This progression is also observed
when we focus only on the difficult letters (Dumont (2013) see Fig. 3; only the children starting in red
are depicted since for the others we do not have enough data - reliability index R? close to 0). But, when
they start in Orange, they reach the good score only for Block letter: increase mean of 0.16 of the score -
increase rate 5%. For cursive letter, they increase their score from 0.08 - increase rate 4%. These results
come from short session (only four/three repeats). In future works we will explore the long-term impact
of the approach. Moreover, we will explore several solutions to show children the localisation of their
mistakes on their drawings. The following test campaign will be dedicated to this task: test several types
of feedback and analyse the impact on children handwriting improvement.

2 https://vimeo.com/142233890 ; https://vimeo.com/140660028
3 https://www-intuidoc.irisa.fr/en/children-handwritings-database/
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Fig. 3. Letter writing progression during an exercise: Block letters (a), Cursive letters (b), difficult cursive letters (c)

4. Conclusion

This paper presents part of the IntuiScript notebook. Especially, we have focus on the design and the
analysis of two modules: the block letter writing module and the cursive writings module. We presented
the analysis engine that allows the child productions to be evaluated according to different skills: shape,
direction, and order. With this evaluation, a personalised progression is proposed to each children. As
shown in the analysis, the current feedback encourages children in their progression, but it’s maybe not
yet sufficient to help them correct all their mistakes. In future works, we will reinforce these feature
key. Moreover, several characteristics are not currently considered in the evaluation computation like the
pressure and speed. These features are mainly linked to fluency skill, and deserve to be consider in future
improvement. The project is ongoing and other modules are currently implement, long-term experiments
are also conducted, that will provide more data to be analyzed.
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