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Handwriting Quality Analysisof Block L ettersand Cursive Words
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IRISA, CNRS UMR 6074, Campus de Beaulieu, F-35e4Rd%
{damien.simonnet, eric.anquetil}@irisa.fr

Abstract. IntuiScriptis an innovative project developing a digital wmokk providing feedback during the
handwriting learning process for children from thite seven years old. In this context, the papesgnts a
method to analyse handwriting quality that respotalghe expectations of thkatuiScript educational
scenario: on-line and real time feedback for clildran automatic detection of children mistakesliggithe
pedagogical progression, and a precise analysishitddren writing saved to help teacher to undei$tan
children writing skills and difficulties. This paperesents first results of this project about dinalysis of
block letters and cursive words. Block letters aralgsed with regards four different critegéobal, shape
order anddirection that are merged on a single score cattadti-criteria. Cursive words are analysed as
letters, bigrams and trigrams withgéobal criterion. Results shows thrulti-criteria architecture for block
letters not only improves significantly performascef the previouglobal analyser but is also able to
characterise precisely mistakes of children. Fnditters, bigrams and trigrams of cursive wordgeg
coherent scores with the deformation of cursivietst

1. Introduction

This paper examines handwriting quality analysispag of an innovative projectntuiScript?, which is
developing a digital workbook to help teachers ahitdren from 3-7 years old during the handwritiegrning
process.

The main objective of thmtuiScriptproject is to offer an advanced digital writingpexience at school by using

tablet and tactile digital devices (with finger tbuand stylus pen, see Figure 1). This project:

O allows children to work in autonomy with online arghl time feedback;

O proposes pedagogical exercises that are adaptee tevel of the children based on the automatadysis
of their handwriting;

O provides precise off-line analysis of children’sitimg (i.e., order, direction shapé to help teachers to
understand children’s writing skills and difficis.

Figure 1: First in-class experiment of the Intuiptiproject (a) with tablet tactile devices (b) exampfevriting
the word ‘Lundi’ (e.g., ‘Monday’).

Our approach

A user-centred approach is taken that includesrakegcles of conception followed by experimentseéback
from children and teachers, related to these emxparis, are used to improve the next version oketheation
scenario. There are two pedagogical progressiopsndiing on the children skills: the block (singlefters
where the writing process is known, and the curswiting that they are learning. Designed by ediocet

1 For more information about the project, see: Hitpuiscript.com/
2 https://www-intuidoc.irisa.fr/en/projet-intuisctip



experts, and illustrated by Figure 2, the scerfar@ach progression is based on three hierarckieps adapted
to the skills and difficulties of each child. It isportant to note that the automatic adaptatiopedagogical
exercises is only possible with online handwritanlysis, such as the one presented in this paper.

O Block letters: First, based on video examples dnintg rules about shape, order and direction, cbiid
have to write each letter of a given word. On-lieedback with a colour scale indicator is givere(Begure
2 g, h, i, ). In the application, examples of éett correspond to dynamic animations that can jpeated as
many times as children want. Then, if the systeteale some incorrectly written letters, it proposes
children to work on individual letters (see FiguPd). On-line feedback allows them to measure
autonomously their progress. Finally, if the systatects that the handwriting is still incorrect,exercise
with letter primitives (e.g. horizontal/verticalsit line, loop) is given, with the same approacindiidual
letters (see Figure 2c).

O Cursive writing: Children work first on an individlletter (see Figure 2d). Then, if the writtengwotion is
correct, they work on bigrams and trigrams (seaféi@e and 2f).
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Figure 2: Hierarchical methodology that enablesldhén to be autonomous. For block letters, the gsialis
first done on letters of a word (a), then on siniglgers (b) and primitives (c), if required. Fdret cursive letter,
the analysis is first done on a letter (d), thenkagrams (e) and trigrams (f). Feedback is givethva colour
scale indicator drawn under each gesture with tik¥ving colouring code: very good (green with aldatar)

(9), good (green) (h), average (orange) (i) andoimect (red) (j).

Similar to other assessment tools (Falk et 2011; Kulesh et al2001; Li-Tsang et al 2013), the proposed
approach evaluates the quality of a handwrittenenmant with regards to a reference model usiig-class
and inter-class scores (see Figure 3). For example, ithtea-class score evaluates the similarity of a given
sample U with the analysed model (i.e., U). In castt theinter-classscore evaluates the confusion with other
classes (i.e., how a sample U is different fromta@momodel, e.g. V). These two aspects are fundtahéor
handwriting analysis, which is different from han@img recognition tools that use only theer-classscores.
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Figure 3: An Analysis of an example U. The analggiproach is based on two complementary aspetts:- i
class (i.e. the similarity of the example with #malysed model: U) and inter-class (i.e. the défere with other
models indicating by a confusion degree of othassts, e.g. V) scores.

2. Related Work

Writing is a fundamental skill that is necessary fearning and conveying knowledge. In the literatu
handwriting quality is related to legibility andnkimatics (Dinehart et .al2015). The former corresponds to
letter shapeand its associated readiness (readability). Ttierlaoncentrates on the writing process (e.g.rorde
direction, fluidity) that must be efficient to béla to produce fast and legible text. More pregisal written
symbol is composed of strokes marked by the paupsig and being lifted from the page (see Figurg An
elementary stroké defined as a sub-stroke delimited by singulgriints, and correspond to elements such as
line, half circle (see Figure 4c). Thus, the wugtiprocess requires three central skills: a compléteal
representation of each letter, a recognitioelefmentary strokeis letters, and the ability to reproduce a letter

a sequence aflementary stroke®specting the direction (Schickedanz, 1999).

There are two typical applications resulting froemtiwriting analysis: medical and education systdmshese
two streams, a range of measures has been putrtbtovassess handwriting quality. For example, &uét al.,

(2010) focus on the kinematic aspect (i.e., veypatration, fluency, pauses) to detect handwripathologies.
Whereas, Jolly et al., (2013) analyse handwritintpeity to identify children with developmental admation

disorder (DCD). From a developmental perspectivecaddo et al., (2013) studied handwriting kinensatd

children writing on digital tablets. They considér@ number of features (e.g., number of strokedgtiar, peak
velocities and pen lift duration) and found thandhariting is related to four important kinematic ndains:

velocity, spatial arrangement, automation and mptanning. Similarly, Falk et al., (2011) used fipgmitives

— legibility, form, alignment, size and space -guwantify handwriting proficiency in children. Othegsearch
considering the production of Chinese charactessithantified three types of errors: stroke produtterrors
(i.e., stroke reversal, linking of separate strokesken strokes), stroke sequence errors (i.@ngvsequencing
of components) and stroke relationship errors, iegtative length and position; Hu et al., 2009n;T2002).

In sum, approaches for medical systems (Accarad.e2013; Guinet et al., 2010; Jolly et al., 20U8¢ mainly
the kinematic aspect, by opposition to educati@yatems (Falk et al., 2011; Hu et al., 2009) that more
attention to legibility features and use simpleekiratic features (e.g., velocity and acceleratibryibility is

often evaluated with low-level features relatedte letter recognition task that makes it diffictdt evaluate
quantitatively the correctness of a criterion (espape in Kulesh et al., 2001). This paper preseahdwriting
analysers for educational systems applied to bleiérs and cursive words.

3. Featuresand Classifiers designed to recognise Handwriting Patter ns

This section presents features and classifiersatfeatised in the analysis of block letters andivainsords.
Delaye and colleagues (2013) use HBF49, whichgereeric set of features designed for gesture rétognit

is composed oflynamic features that depends on the writing process, (stgrting and ending positions,
proportion of down-strokes trajectory, angle of ithidal vector, inflexions), andisualfeatures that focus on the
appearance of the writing results (e.g., 2D histogof point). This set of features captures mugtipliteria:
shape order, directionandglobal.

A classifier is acquired with an incremental sujmad algorithm (Almaksour & Anquetil, 2011; Almakso&
Anquetil, 2013) that allows the computationinfra-classandinter-classscores. In the rest of the paper, the
analysisscore refers to the fusion of these scores. ThiEg®ithms are incremental algorithms to let teashe
expand models with their own drawing but, for nols aspect is outside the scope of this paper.



4. Multi-Criteria Analysis of Block Letter Writing

The handwriting analysis of block letters is basadour criteria:global, shape order anddirection Order and
direction criteria are correct if the order andedtion ofelementary strokefsee Figure 4c) are corre€irder is
determined by identifying the order wiedian strokegsee Figure 4d) in a gestuigirection uses features based
on local changes of directions. Finally, tmeilti-criteria classifier combines the results gibbal, shape order
anddirectionclassifiers to give an overall result relating Hoo&these aspects combined.

(&) (b) o) ( (d)
Figure 4: The original gesture from a digital de®i¢a), and its decomposition in strokes (delimidgdpen up)

(b) and elementary strokes (c) with the drawingdiion and order. Median strokes are representethinker
lines in (d).

5. Analysisof Cursivewriting

The analysis of cursive writing concentrates ondbeelopment of an analyser providinglabal feedback to
children because errors suchader anddirection are less common with this type of writing. Firsased on
descending areas and singularity points (see Fifhbje letter segments (see Figure 5c) are extragedn
Anquetil et al (1997). Then, thdobal approach used for block letters is improved byimgifeatures related to
descending areas which are stable parts in théveunsiting.
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Figure 5: The 0r|g|nal gesture (a) and the extraatiof descending areas (lines in orange) and seiyl
points (cross) (b) that are used to extract thensegtation (c) .

6. Experimentation and Results

We now present results after the first experimental 34 of the block letters scenario conducted in four
preschools with 171 children. During a two hoursgas, with workshops lasting 20 minutes each, gsonfp7-8
children were drawing block letters that formed eithat could spell the days of the week. Theyivede
automatic feedback from the colour scale indicdts shown in Figure 2), reflecting the correctneshe
written letter.

Before discussing the qualitative and quantitatasults of the handwriting analysis tool, it is ion@ant to note
feedback from children about this first experiméinta with tactile digital devices. In-class expeeints
demonstrated that children quickly get familiartwihe application and tried to improve the evahraticore.
Moreover, the personalised feedback allowed childoeprogress with autonomy at their own speed,tarsay
concentrated during the whole session of 20 minutagch is often difficult for young children. Sonoé them
were so involved that they did not want to stop.

3 https://vimeo.com/142233890
4 https://vimeo.com/140660028



Figure 6 shows quantitative results with a coloeals indicator decreasing with errors of childrea.(shape,
order and direction). In this figure, arbitrary gkis have been chosen for each criteria in theiqoridéria score
(50% global, 30% shape, 15% order and 15% direcbohteachers can customise the weight of eatéricm

to give the best feedback to children dependingchbitdren skills and teacher pedagogical target tfos

exercise. For instance, teacher can choose to maikly on the shape for the legibility, or to emgisa order
and direction which are important skills in prepana of the cursive writing.
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Figure 6: Qualitative results with the multi-cri&riscores. (a) shows the model and (b) the analgsisits and
where strokes are coloured from the first to thedtiwith red, blue and green (the begin and en@adh stroke
is represented respectively with a circle and assjoS, D and O indicates respectively an errashafpe, order
and direction relatively to models chosen.

Experiments related to the cursive analysis atke d&sine with ‘days of the week’ words. Qualitativesults
illustrated by Figure 7 show the classifier decesathe confidence score with the deformation ofdinesive
seqguence.
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Figure 7 : Qualitative results on the cursive wrii

7. Conclusion

This paper has presentednalti-criteria analysis of block letters andgiobal analysis of words applied in the
context of the innovative projettuiScript which focuses on the development of a digitalklwook to help
teachers and children during the handwriting leagrprocess. Results on a dataset collected indmschools
with 171 children have shown significant improvemsecompared to thglobal classifier for block letters. The
independent analysis of each criteria is only giteeteachers to help them during the interventmiténtify the
type of errors produced by children. Finally, feadb of children and teachers about the use ofl¢adigital
devices in school has been very positive.

The next steps imtuiScript project are the analysis 8tidity, which is a fundamental criterion to characterise
cursive writing and the introduction of @uthoring mode. More specifically, this mode will allow téses to
define their own models by firstly asking the tearcto draw letter samples and secondly by condatiglavith
child samples collected during the remediationdjpist the model to the teacher expectations.
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