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ABSTRACT

Linguistic resourcessuch as annotatedcorpora are criti-
cal for the developmentof language technologiessuch as
speech andhandwritingrecognition. This paperdescribes
effortsat HP Labs,Bangalore, to createdatasetsfor thede-
sign and developmentof Online Handwriting Recognition
(HWR)algorithmsfor Indicscripts.“Online” in thecontext
of HWRrefers to thefact that handwritingis capturedasa
streamof pointsusingan appropriate penpositionsensor
(oftencalled a digitizer), rather thanas a bitmap(image).
In thispaper, wefocusonsomeof theissuesto beaddressed
in handwritingdatacollection- thedesignof datato becol-
lected,therecruitmentof writers,datacollectionmethodol-
ogyandprocess,andrelevanttools.Wediscusstheseissues
in thecontext of our ownefforts to createhandwritingcor-
pora for theTamil script.

1. INTRODUCTION

Despitebeingusedby morethanabillion peopleall around
theworld,mostof theIndic languagesandscriptshaveseen
relatively little targetedresearchin humanlanguagetech-
nologiessuchasspeechrecognition,text to speechsynthe-
sis etc. The averageIndian citizen is not computer-savvy
andoftenknowsonly his or hernative languageandscript.
Handwritingcontinuesto play a very importantrole in all
spheresof life - from dayto day transactionsin businesses
to personalcommunications.In sucha scenario,technol-
ogy for online handwritingrecognition(HWR) �nds a lot
of potentialapplicationsthat extendthe reachof IT to the
commonman.

Therehave beena few efforts towardscreatingHWR
enginesfor Indic scriptssuchasTamil, Telugu,Devanagari
andKannada.However, thelackof signi�cant linguistic re-
sourcesin standarddataformatshadprovedanobstacleto
morewidespreadresearchinto HWR technologyfor Indic
scripts.In thispaperwedescribeourown efforts in compil-
ing handwritingdatasetsfor OnlineHWR that cansupport
ourown researchaswell asbene�t theresearchcommunity.
Here“online” refersto thefactthathandwritingis captured
asdigital ink - astreamof (x,y) points,usinganappropriate

penpositionsensor(oftencalleda digitizer), ratherthanas
abitmap(image).It shouldbementionedthatsuchdatasets
would alsobene�t researchin handwrittendocumentanal-
ysis,writer identi�cation, script identi�cation, handwritten
documentindexing andretrieval, andrelatedproblems.

In general,datacollectioncanbedesignedor casual.In
the�rst instance,writerswith speci�c skills arerecruitedfor
contributing handwritingsamplescorrespondingto speci�-
cally designeddataconsistingof symbols,characters,words
or sentencesor somecombinationof items in the target
script. In the latter scenario,digital ink is a by-productof
an ink applicationsuchasemail, note-taking,form-�lling
etc.Thereis muchlesscontrolon thenatureor distribution
of handwritingdatacollected,however, it happensnaturally
without the needfor any speci�c effort on the part of the
writer. This paperwill focuson the taskof designeddata
collection,takingtheTamil scriptasanexample.

Thepaperis organizedinto severalsectionsdealingwith
differentaspectsof the datacollectionproblem. The sec-
ond sectiondescribesthe salient featuresof Indic scripts
and their implicationsfor online handwritingrecognition.
Corpusspeci�cationandrelatedissuesarediscussedin the
third section. This is followed by a discussionof the data
collectionmethodology, dataselectionprocess,datacollec-
tion and subsequentvalidationand annotationin sections
four, � ve, six and seven, respectively. Someconclusions
anddirectionsfor futurework arepresentedin the�nal sec-
tion.

2. STRUCTURE OF WRITING IN INDIC SCRIPTS

The10of�cial Indic scripts- Devanagari,Tamil,Gurmukhi,
Telugu,Kannada,Gujarati,Oriya,Bengali,Malayalamand
Urdu - differ by varying degreesin their visual character-
istics, but sharesomeimportantsimilarities. With the ex-
ceptionof theUrdu script,they have evolvedfrom a single
source,the Brahmi script, �rst documentedextensively in
theedictsof EmperorAsokaof thethird centuryBC. They
are de�ned as “syllabic alphabets”in that the unit of en-
coding is a syllable, however, the correspondinggraphic
units show distinctive internal structureand a constituent



setof graphemes(Figure1). The formative principlesbe-
hind themmaybesummarizedasfollows [1]:
� graphemesfor independent(initial) Vs
� C graphemeswith inherentneutralvowel a
� V indicationin non-initialpositionby meansof mātrās(V
diacritics)
� ligaturesfor C clusters
� mutingof inherentV by meansof aspecialdiacriticcalled
virāmā

Fig. 1. Diversityof Indic scripts

From the standpointof HWR, an approachbasedon
treatingthe syllabic units directly aspatternclasseshasto
dealwith their largenumbers.Mostof theIndicscriptshave
theorderof 600CV unitsandasmany as20,000CCV ones
in theory, althoughonly a muchsmallersubset(especially
of CCV units) is usedin practice.TheV diacriticsandlig-
aturesfor C clustersarenot standardizedin somescripts.
Sincehandwriting, in the online scenario,is capturedas
a sequenceof penstrokes; the useof larger units also in-
creasesthe variability in stroke orderandhencethe intra-
classvariability for the recognizer. In fact, even a single
stroke can be written in variousdirectionsin sucha sce-
nario.

Approachesbasedonsegmentingsyllabicunitsinto the
constituentgraphemeshaveto dealwith thestructuralcom-
plexity of thesesyllabic units. In the online scenario,the
beginningsof mostgraphemesareusuallymarkedby pen-
lifts. However, certainV diacriticsmaybe fusedinsepara-
bly with theunderlyingC grapheme.DifferentV diacritics
maybevisuallysimilaranddiffer only in how they attachto
theC grapheme.Similarly, many of theligaturesfor C clus-
tersarenon transparentandhave to be treatedasseparate
graphemes.

In practice,theapproachadoptedfor HWR is motivated
moreby pragmaticconsiderationssuchasthe easeof seg-
mentationof thehandwrittenword into asmallernumberof
graphicallysimplersub-units,ratherthanby purelylinguis-
tic criteria, and linguistic interpretationof the recognized
units is often relegatedto a subsequentstageof process-
ing. As a result,differentresearcherschoosedifferentsets
of symbolsassub-word level unitsfor recognition.

Ideally, datasetscreatedto supporthandwritingrecogni-
tion shouldaccommodatedifferentchoicesof symbolsets;
however, it is notpracticalto accommodatethesein asingle

annotationhierarchy. Onesolutionis to supportseveralsets
of annotationeachwith its own hierarchy. Thesehierarchies
would be commonat the upperlevels suchas words and
syllabicunitsanddivergethereafterto includedifferentin-
terpretationsof symbolsandwhereappropriate,individual
strokes.This issuehasbeenelaboratedin fourthsection.

3. CORPUSSPECIFICATIONS

Data collection is a resource-intensive activity and often
only targetedat a particularuseandpurpose.The lack of
standardcorpusspeci�cationsmakesthesharingof thisdata
dif�cult. Further, thesedatasetscannotbere-usedfor other
than the originally intendedpurpose.Theseshortcomings
can be resolved by de�ning a corpusspeci�cation before
theactualinceptionof datacollection[2].

The corpusspeci�cationdesignrequiresthe following
issuesto bestudied:

� Thescript(s)to becollected:This is clearlyaprimary
considerationin thedesignof thecorpusthat shapes
many of the other decisions. Among other things,
theencodingschemefor text (e.g.ISCII, UNICODE,
speci�c fonts)needsto bedecided.In additionto the
renderingof text promptsduringdatacollection,the
sameencodingis likely to be usedas the basisfor
groundtruth for subsequentannotation.

� Thedata-list:Thedesignof thelist of itemsto becol-
lectedconstitutesoneof the mostimportantstepsin
thedatacollectionexercise.Dueto thevariability of
stroke-orderandthewholegamutof writing stylesto
becaptured,thedata-listshouldbelargeenoughto in-
corporatenotonly all of thesymbolsin thescriptbut
any important“co-articulationeffects”andsegmenta-
tion styles.However, avery largedata-listis likely to
tire andannoy writers. In general,it makessenseto
usethe minimum numberof dataitemscoveringall
thesymbolsandthemostimportantvariations.This
reducesthe writing time for eachwriter and makes
datacollectionmoreeffective.

� Number of trials: Collecting multiple instancesof
eachdata-itemperwriter is importantfor severalrea-
sons.First,writer-dependentrecognitionrequirestrain-
ing and testingon samplesof handwritingfrom the
samewriter. Second,thecollectionof multiple trials
serve asan insuranceagainstwriter errors,andacci-
dentallossof data. Again, a balanceis neededbe-
tweencollectionof additionaltrials andwriting time
andeffort perwriter.

� The datacollectiondevice: The choiceof pen-input
device is acritical onefor collectingonlinehandwrit-
ing data. Therearea numberof devicescapableof



peninput on themarket; somechoicesincludeexter-
naldigitizing tablets(e.g.from Wacom)connectedto
desktops,PDAs suchasPalm andPocketPC,Tablet-
PCsand Anoto Digital Penand Paper [3, 4]. The
main considerationsguiding the choiceof pen-input
device includecost,easeof usefor the writer, sam-
pling rate,spatialresolution,reliability, the needfor
additionalchannelssuchaspressure,API supportfor
ink collection,amongothers. Someof this metain-
formation also needsto be capturedbeforea data-
collectionexercise.If datacollectionneedsto bedone
in the�eld, batterylife, portability, resistanceto dust
andgeneralruggednessalsoassumeimportance.

� UI design:The designof the userinterfacefor data
collectionhasto bespeci�c to thedeviceandthedata
to becollected.For example,thecollectionof word
(or higher) level datawould be muchmoredif�cult
thanisolatedcharacterson a conventionalPDA ow-
ing to its smallscreen.Theuserinterfaceshouldmin-
imally beableto displaytext promptscorresponding
to the itemsto becollected,andpresentboxesor ar-
easfor writing. It shouldsupportmeansof erasing
andrewriting samplesif needed.

� Spacingof trials: It hasbeenobserved that collect-
ing all trials for a givendata-itemcontiguouslyfrom
a writer seemsto capturelessvariationsin style, as
comparedto collecting them at different times and
places.

� Recruitingof writers: The characteristicsanddistri-
bution of the writers shouldbe speci�ed alongwith
theink-data.It is necessarythat thewriter character-
isticsarerecordedaselaboratelyaspossible.Though
thesedetailsmaynot seeminterestingat the time of
recording,they playaveryimportantrole in distribut-
ing the datasetslater. Moreover, a well documented
handwritingcorpusmay also be usedfor other so-
ciological purposes.In the orderof importance,the
writer characteristicsthatneedto capturedbeforeany
ink-datais collectedare:

– Nativenessof thescript: Thewriting styleof a
nativewriter canbedifferentfrom a writer who
usesthis script asa secondlanguage.A native
writer follows a style of writing evolved from
that taughtin elementaryschools,whereasthe
writing style of non-native writers may be de-
rived from the structuralpatternof the symbol
or its similarity with asymbolin his/herownna-
tive language.This typically givesriseto intra-
andinter- strokeorderdifferenceswhich �nally
leadsto greatervariability. Many corporaimply
nativewritersof acertainscript,but it is always

recommendedto specifythemaximumpercent-
ageof non-nativewriters.

– Frequency of useof the script: Fluentwriting
like any other acquiredskill requirescontinu-
ouspractice.Thehandwritingof a personwho
usesa script often will show different traits as
comparedto a personwhousesit occasionally.

– Education: It is useful to includewriters with
differentlevelsof education,sincethisis clearly
correlatedwith handwritingskills. This is also
valuablefrom an applicationstandpoint- pro-
cessinga college applicationform would im-
ply adifferenteducationalbackgroundfor writ-
ers ascomparedto a railway reservation form
which might needhandlinggreatervariationin
education-level.

– Profession:Differentprofessionsinvolveuseof
aparticularscriptin differentenvironments.For
example,asecretarytakingdictationin anof�ce
hasto write at thespeedof speech.Ontheother
hand,anauthoror a teachermight adoptdiffer-
entstyles.Their habitualwriting modesleadto
differentwriting stylesevenwhenbothof them
areplacedin thesameenvironment.

– Distribution of sex: Equalpercentagesof male
andfemalewritersaregenerallyrecommended,
but almostimpossiblein practice. The corpus
speci�cationshouldseta thresholdonany devi-
ationfrom theoptimumpercentages.

– Distribution of age:For a generalpurposecor-
pusof adulthandwriting,thewriters' agesshould
lie between16to 60,to capturethevariationsin
handwritingwith age.

– Right/Left Handness:This is an attribute that
is uniqueto the handwritingdomain. A distri-
bution of left and right handedwriters that is
representative of the generalpopulationis rec-
ommended.

– Region: Writersfromdifferentpartsof theworld
canhave differentstylesof handwritingfor the
samescript. The shapesof certaincharacters
may vary signi�cantly as a result of local in-
�uences. In the Indic context, scriptssuchas
DevanagariandTamil areusedin diversegeo-
graphicalregionswithin andoutsideIndia. De-
vanagariis usedto supportmultiple languages
suchasNepaliandMarathiin additionto Hindi,
whereasTamil is an of�cial languageof coun-
triessuchasSri Lanka,SingaporeandMalaysia.

– Skill with the device: Pro�ciency with the de-
vice allows the userto write in his/hernatural



style. Writing on the smoothglasssurfaceof
a PDA feelsvery differentfrom writing on pa-
per. In practice,it is dif�cult to �nd writerswith
different levels of pro�ciency with the device
but nevertheless,this is an importantattribute
to capturesinceit canhave a signi�cant impact
on thewriting style.

4. DATA COLLECTION METHODOLOGY

In this sectionwe describethe methodologythat we have
adoptedfor thecollectionof handwritingdatain theTamil
script.Thegeneral�o w of handwritingdatacollection(and
subsequentannotation)is shown in Figure2.
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Fig. 2. GeneralFlow of HandwritingDataCollection

The very �rst stepin datacollection is the creationof
thedata-list– thelist of itemsof handwritingto becollected
from eachwriter [5]. This is accomplishedin the datase-
lection module. The data-listis theninput to the datacol-
lectiontool - a softwareapplicationrunningona TabletPC.
Theoutputof datacollectionis apartiallyannotateddataset
of handwritingsamples,andformsthe input to theannota-
tion phase.Thesestepsarenow describedin detail in the
context of both isolatedcharactersand isolatedwords for
theTamil script.

5. DATA SELECTION

Noneof theIndic scriptsaretraditionallywritten in boxes.
However, writing in boxesprovidesvaluablesegmentation
cuesto therecognitionengineandthusbeingableto “box”
thescriptsimpli�es thesegmentationof writing andleadsto
improvedaccuracy. Tamil usesthe vowel-mutingdiacritic
or “halant” to unravel conjunctsand is written asa linear
sequenceof “characters”.An informal observationof sev-
eralTamil writershasrevealedthat they couldwrite Tamil
charactersin boxeswith minimal training. The�rst partof
datacollection for the Tamil script thereforeinvolves the
collectionof isolatedTamil characters.

In order to createthe Tamil isolatedcharacter-set,we
compileda list of independentV and C graphemes,CV

combinationswherethevowel diacriticsattachaboveor be-
low the baseC graphemeor areotherwisedif�cult to seg-
ment,andthosevowel diacriticsthatoccurasdistinctchar-
actersto theleft or right of thebaseC. Thesetalsoincludes
selectedC clusterligaturesandtheir CV combinations,for
a total of 156 characters.Figure3 shows the symbolsfor
bothisolatedcharactersandword level Tamil data.

Fig. 3. Symbolsfor (a) isolatedTamil characters(b) Tamil
words

Thesecondpartof datacollectionfor Tamil is focused
on isolatedwords. The word forms the fundamentalunit
of writing for any script. From a recognitionperspective,
theword is especiallyimportantin Indic scriptssuchasDe-
vanagarigiventhepresenceof conjunctsof varyingsizeand
complexity, andtheabsenceof a traditionof writing words
in boxes.Thus,theability to recognizewordswritten con-
tinuously(i.e.,withoutboxes)is importantfor eventhemost
constrainedapplicationssuchasform-�lling. In general,the
isolationof wordsfrom largerunitsof writing suchassen-
tencesandlines is basedon spatialandtemporalcues.Our
focushereis to collecthandwritingdatato supportresearch
into therecognitionof wordsoncethey have beenisolated
by someothermeans.

Thedataselectionprocedurefor wordsinvolved:
1. Identi�cation of thesymbol-set(sub-wordunits):Due

to theabsenceof explicit segmentationprovidedby theboxes,
a goodsetof symbols(sub-wordunits)is onethatbalances
the easeof segmentationof the word into thosesub-units
with a stablepatternacrosswriters. This in turn affects
the accuracy of the recognitionof the symbols. SinceIn-
dic scriptsdo not have a prominentcursive style andpen-
lifts may be expectedbetweengraphemes,we adoptedas
thesymbolset,thebasicgraphemesin theTamil script(in-
dependentVs, Cs,V diacritics,vowel-mutingdiacritic)and
addedsomesymbolscorrespondingto CVswhichcouldnot
beeasilysegmentedinto theconstituentbaseC andV dia-
critic.

2. Generationof word-listgiventhesymbol-set:As dis-
cussedearlier, our attemptis to cover theentiresymbol-set
using the smallestnumberof words. In order to achieve
this,weusedtheTDIL Tamil text corpus[6]. Uniquewords
alongwith their respective frequencieswereextractedfrom
thecorpususingthelanguagemodelingtoolkit fromCMU [7].
Words with frequency less than a thresholdwere purged
from the result in an attemptto discardvery rare as well
aserroneouslyspeltwordsin thecorpus.Next, a setcover



algorithmwasusedto extract from theremainingwords,a
minimal subsetof wordsthatcoveredall of thesymbolsto
berecognized[8, 9]. Theresultinglist of wordswasveri�ed
andminor additionsandsubstitutionscarriedout manually
in orderto obtaina �nal data-listof 47 wordscoveringthe
selectedsetof Tamil symbols.

6. DATA COLLECTION

For both isolatedcharactersand words, handwritingdata
wascollectedfrom writersusingasoftwaretool runningon
a TabletPC(HP TabletPCTC1100).TheTabletPCis a con-
venientdevice for datacollectionfor severalreasons.It has
suf�cient processingpower to supportsimultaneousinking
andsamplingof handwritingat a high samplingrateof 120
Hz. It provides spatial resolutionsof more than 400dpi
in both X andY directions. It featuresan active digitizer
which is not affectedby inadvertentcontactof thehandon
the writing surfacewhich leadsto spuriousink on normal
touchscreens.Its largerwriting surfaceis alsomuchmore
naturalto usecomparedto PDAs. The device OS comes
with goodsupportfor the creationof pen-basedtools and
UI controlsfor the collectionof digital ink. However, the
feel of writing on glassis different from writing on paper
andthewriter takessometime gettingusedto it.

6.1. Setup

The tool is driven by a con�guration �le that speci�es the
data-list for collection along with other con�guration de-
tails as: (1) UniqueID of thecon�guration �le, alongwith
creationdateandauthorinformation. (2) A descriptionof
the datato be collectedand the datacollectionmethodol-
ogy. (3) The list of itemsto be collectedalongwith infor-
mationaboutthe (i) thecorrespondingscript,and(ii) type
of text promptsprovided. The promptsmay be speci�ed
astext (data-listitems),bitmapsor digital ink (handwritten
prompts).(4) Numberof datacollectiontrials peruser.

Oncecon�guredasdescribedabove,thedatacollection
tool is readyfor use.Thetool initially presentsa screenfor
thecollectionof writer-speci�c informationsuchasName,
Age,Gender, HandR/L, Region,nativenessof script,pro�-
ciency with device,profession,usageof script

It is assumedthatdatacollectionis supervisedby some-
onefamiliarwith Englishaswell aswith thedevice. Thesu-
pervisoris responsiblefor assigningeachcontributingwriter
a uniquenumericID, collectingandenteringwriter infor-
mation into the tool, and providing the writer assistance
with the userinterfaceor device asneeded.No familiar-
ity is assumedon thepartof thewriter with thedevice, UI
controls,or theEnglishlanguage.

Fig. 4. DataCollectionusingthetool

6.2. Data Collection Trials

Oncethemeta-datahasbeencollected,theactualdata-collection
begins. Datacollectionis organizedinto a seriesof trials.
The writer can stop after any trial and resumelater. Be-
fore the �rst trial, every writer is provided with a writing
areawherehe/shecanpracticewriting andsetthereference
lines asper his or her writing style. Thesereferencelines
bind the middle zoneof handwritingandmirror the lines
providedin copybooksfor thepracticeof writing in school.

Within eachtrial, the items from the data-listarepre-
sentedin orderasa sequenceof text promptsandwriting
areas,on one or more screens(pages)as needed(Figure
4). Thetext promptsarerenderedjust above therespective
writing areasusinga script-speci�cfont if speci�edastext,
or asbitmapsor digital ink asspeci�ed.Thereferencelines
assetby thewriter aredisplayedin eachwriting area.The
useris at liberty to addresstheitemspresentedin any order.
The userinterfaceallows the writer to clearandrewrite a
particularitem. This givesthe writer greater�e xibility in
completingthe taskandhelpsto reducethe possibility of
erroneousdata.

6.3. Output

The output of the Data Collection Tool is in the form of
ASCII �les organizedby script andwriter. A separate�le
is generatedfor eachsampleof eachitem in the data-list,
and the item (characteror word) ID and trial numberare
encodedin the�le name.

Each�le capturesthefollowing (optional)meta-datain
aheader:(a)annotationsuchasword-level groundtruth(b)
positionsof referencelines(c) typeandspatialresolutionof
digitizer (d) coordinatesof box (for isolatedcharacters)

Following the header, the handwritingdatais captured



asasequenceof (x,y) pointsandpenup/downevents.Along
with eachpendown or penup,a timestampis storeddenot-
ing the numberof millisecondsfrom the startof the trial.
In additionto theink �les, meta-datasuchaswriter pro�les
arestoredin common�les at therootof thedirectory.

Goingforward,we intendto useInkML for thecapture
of handwriting,alongwith hwDataset[10] documentsfor
meta-data.InkML [11] is a draft speci�cationfor the rep-
resentationof digital ink from the World Wide Web Con-
sortium(W3C)andprovidesanopen,platform-independent
XML representationfor thedescriptionof digitizer charac-
teristics,ink channelssuchasX andY, andthedigital ink
itself. hwDatasetis a setof XML tagsfor theannotationof
handwritingincludingwriter information,groundtruthetc.

7. VALID ATION AND ANNOTATION

Validationin this context refersto visualreview of thedata
collectedby the supervisorimmediatelyafter the conclu-
sionof the trials for a particularwriter. This is intendedto
catchhumanaswell assystemerrorsin thedatacollection
process- itemsthatmayhave beenskippedor wrongly en-
tered,accidentssuchascorruptionor overwriting of data.
It is importantto validatewhile thewriter is still accessible
andit is possibleto get theerrorsrecti�ed. Thevalidation
activity is supportedby a separatetool for viewing thedata
collected.

Annotationrefersto the labelingof thecollectedhand-
writing datain accordancewith a designatedannotationhi-
erarchy. The�les of digital ink andany meta-datacaptured
asa partof thedatacollectionphase,form the input to the
annotationphase.Thechiefactivity in this phaseis thetag-
ging of ink with labelscorrespondingto groundtruth,writ-
ing styleetc. at differentlevelsof anappropriatehierarchy
of annotation[10]. Labelsmaybegeneratedby humanan-
notatorsor by machinealgorithms;in practice,a combina-
tion maybeusedto completelyannotatelargecorpora.

In our design,the corpusor datasetis representedasa
collection of hwDatasetdocumentsorganizedinto an ap-
propriatedirectorystructure.EachhwDatasetdocumentis
pairedwith an InkML documentcontainingthedigital ink
datareferredto in the document.A detaileddiscussionof
annotationis beyond the scopeof this paper;however, a
brief overview of the hwDatasetrepresentationfor anno-
tation andthe annotationtool that we have createdis pre-
sentedin [10].

The �nal outputof the annotationphaseis sometimes
followed by independentvalidationof the annotationby a
neutralthird party, following which thecorpusor linguistic
resourceis generallyconsideredto bereadyfor release.

8. CONCLUSIONS AND FUTURE DIRECTIONS

The collectionof handwritingsamplesfrom native writers
is the �rst stepin the creationof linguistic resourcesthat
canbeusedto further researchin handwritingrecognition,
analysis,script identi�cation andotherlanguagetechnolo-
giesfor the Indic scripts. In this paper, we have described
someof the issuesto be consideredduring the designof
handwritingdatacollection,andour early attemptsat ad-
dressingtheseissues,primarily in thecontext of theTamil
script. Over thecomingmonths,we intendto scaleour ex-
istingeffortsto alargernumberof writers,aswell asextend
our datacollectionefforts to otherscriptssuchasDevana-
gari andTelugu.

We also intend to explore modi�cations to the current
datacollectionmethodology. For instance,ratherthancol-
lecting lists of isolatedcharactersor words,an “omnibus”
approachthatcombinesdifferentunitsof writing in asingle
trial maybepreferable.Second,thein�uenceof thewriting
styledisplayedin thetext promptsonthewriting of theuser
needsto be studiedandminimized. We alsoplan to adopt
strictercriteria on the recruitmentof writers to ensurethe
desireddistributionin termsof age,handedness,genderand
other parameters.In tandem,we hopeto re�ne our tools
for datacollectionandannotation,andthe representations
of ink andannotation,anddeveloplibrariesfor convenient
accessto thecollecteddata.
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