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ABSTRACT
Sign languageshave beenproven to be naturallanguages,
as capableof expressinghumanthoughtsandemotionsas
traditionallanguagesare.Thedistinctvisualandspatialna-
tureof signlanguagesseemsto beaninsurmountablebarrier
for developinga signlanguage“word processor”.However,
we argue that with the advancementof computergraphics
technologyandgraphicalimplementationsof linguistic re-
sultsobtainedfrom the studyof sign languages,“writing”
in a sign languageshouldnot bedif�cult. We have pursued
exploratorywork in constructingvirtual gestures,applying
hand constraints to facilitate the creation of natu-
ral gestures,andcombiningthesegesturesinto meaningful
AmericanSign Language(ASL) partsthat follow the ASL
Movement-Holdmodel.The results,althoughpreliminary,
are encouraging.We believe that effective sign language
compositionis possible with the implementationof easy-
to-usegraphicaluserinterfacesandthedevelopmentof spe-
cializeddatamanagementmethods.
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INTRODUCTION
When mentioning the word language, we automatically
think of words,phrases,andsentences.Studiesonlanguages
andgesturessuggestthatbotharerepresentationsof asingle
system[6,7]. Fundamentally, languagesandgesturesdiffer
only in their modalitiesof production(oral vs.gestural)and
perception(auralvs.visual).

Naturally, the hardof hearingpeopledependon visual and
gesturalfacultiesastheir main avenuesof communication.
Sign languageshave beenproven linguistically to be natu-
ral languages[4, 11], just ascapableof expressinghuman
thinkingsandfeelingsastraditionallanguagesare.Signlan-
guagesarealsoamediumbetweenthehearingworld andthe
deafcommunity.

Copyright is heldby theauthor/owner(s).
CHI 2005, April 2–7,2005,Portland,Oregon,USA.
ACM 1-59593-002-7/05/0004.

Thereis no standardwriting systemthatcanbeusedto tran-
scribethesigninginformation.In fact,theremaybedifferent
notationsystemseven in the samesign language[3]. Fur-
thermore,to peoplewith hearingimpairmentsa writing sys-
tem of a sign languageis like their secondlanguage.Their
nativelanguageheavily dependsonvisualandgesturalchan-
nelsandthespacearoundthemselves.

The visual andspatialnatureof sign languagescontributes
to thelack of “editors” in suchlanguages.Thecurrentwrit-
ing systems,while makingfull useof varioussuggestive2D
iconsor phoneticsymbols,areindirect,unnaturaltranscrip-
tionsandtransformationsof the3D expressionsinherentin
sign languages.The symbol representationfor a sign lan-
guageis, in fact,a text encodingof spatialcontents.There
arethreeoptionsfor non-text representationsanddisplays:
(1)analog(videorecording);(2)digital (recordingonacom-
pactdisk); and(3) parametric(virtual signinggesturesgen-
eratedat runtimefrom gesturefeatureparameters).Due to
their inherentlimitations, the �rst two display formatsare
unsuitablefor smoothsigning:they arepre-recordedandthe
videoclips cannotbeeditedandcombinedinto a largerand
smoothervideoclip. A promising,directandnaturalwriting
systemrepresentationis offeredby thethird option:ahuman
avatarsigningin avirtual environment.

Today, life-lik evirtualhuman�gures canbeconstructed(ex-
amplescanbe found in [1, 13]). Thesehumanavatarscan
imitate humanactionsandeven facial expressions.All the
bodyjoints andfeaturedparts(suchaseyebrowsor mouth),
representedasvariousparameters,areundercontrolin their
motions,thusallowing thecreationof virtual gestures.

The useof virtual human�gures in sign languagestudies
is ongoing[2,3,12]. Themainproblemswith thesestudies'
resultsarethattheusershaveto know Englishto utilize them
andthatthereis nousercontroloverthesigningavatar. The-
refore,theuserscannotcreatenew signlanguage“words”or
“phrases”,which is a signi�cant limitation becausea natu-
ral languageshouldbeopenfor extendingits contents.The
lack of easy-to-useinterfacesalsomakesit dif�cult for the
beginnersto bene�t from theresultsof thesestudies.

In this paper, we discussdesignissuesrelatedto developing
a signlanguageinterfacingsystemandreportseveral initial
designandimplementationresultsfor sucha system.By in-
terfacing,wemeanthatthesystemis notsimplya “software



bridge” betweenthe computergraphicsandsign language
linguistics,but a sign language“writing platform”, similar
to a word processorsoftware for a traditional language.In
this platformonecancreatebasicsignlanguagepartsin the
form of virtual gestures,andcombinethesepartsinto sign
language“words”,“words”into “phrases”,and“phrases”in-
to “sentences”.

We �rst give a generaldescriptionof the interfacingsystem
andthe designprinciplesconsidered.Then,we investigate
problemsin thedesignof thesystem,presentpossiblesolu-
tionsfor theseproblems,andshow severalresultsthatjustify
our proposedsolutions.Finally, wepresentourconclusions.

SIGN LANGUAGE INTERFACING PHILOSOPHY
Theultimategoalof oursignlanguageinterfacingsystemis
to providea simpleandeffectivesignlanguage“writing en-
vironment”,similar to somedegreeto a commonword pro-
cessorfor a traditionallanguage.

Thevisualandspatialfeaturesof asignlanguagerequirethe
inclusionof a 3D virtual human�gure whocanproducethe
gestureshumansnaturallymake.Fromthesevirtual gestures
basiclinguistic partsof a sign languagecanbeconstructed.
Furthermore,similar to a text editor that supportsthe crea-
tion of new wordsandphrases,thesignlanguageinterfacing
systemshouldprovide an interfacefor the constructionof
new signingparts.This meansthat the usersof the system
shouldhave full controlover themotionsof thehumanava-
tar'smoving parts(suchas�ngers, arms,andeyebrows).

In a traditionallanguagethereis a standardwriting system,
whereasno standardnotationsystemexists in a sign lan-
guage.To transcribe,store,andretrieve sign languagelin-
guisticparts,the interfacingsystemshouldnot dependon a
speci�c notationsystem(suchasStokoeor Suttonsystems).
The systemshould provide icons and symbolsof several
notationsystemsor an interfacefor creatingrepresentative
symbolsof user-de�ned transcriptioncodes.

In a text editor, letters,words,andphrasesaresequentially
juxtaposed,but in asignlanguagethereis a transitionalpro-
cessbetweentwo signingpartsin which thetwo partsexert
in�uenceovereachother. For example,therearefour typical
variationsin a phonologicalprocess:movementepenthesis,
hold deletion,metathesis,andassimilation[11]. In graphi-
cal implementationsthis presentsamovement-control-over-
timedesignproblem.Thus,theinterfacingsystemshouldof-
fer a mechanismof adjusting(editing)themotionsof avatar
partsduringa certaintime interval.

For the sign languageinterfacing systemto function as a
“writing platform” similar to a word processor, a key issue
is how to retrievein theshortesttimeasigningpartfrom the
sign languagecorpora.Also, at a lower level of modeling,
anotherkey issueis how to quickly andeffectively construct
largerlinguisticpartsfrom thebasicones.

As this type of interfacingsoftwareis designedfor people
with variouseducationalbackgrounds,usability is a major

issue,especiallyfor the hearingimpairedpeoplewho lack
basiceducationand training.Therefore,the systemshould
work the way the usersthink it would. In other words, it
shouldfollow abasicruleof HCI design:theprogrammodel
shouldconformto theusermodel[9]. Easy-to-usegraphical
userinterfaces(GUIs)areessentialfor thesetasks.

PROBLEMS AND PROPOSED SOLUTIONS
In this section,we elaborateon theproblemsfor designing
the interfacingsystem,proposesolutionsfor them,andjus-
tify thesesolutionswith severalpreliminaryresultsandpro-
totypes.ASL is thesignlanguageconsidered.

Wefoundthatwhile theconceptof “articulatorybundle” [5]
(which describeshand posture with hand con�guration,
point of contact, facing, and orientation) provides good
guidelinesfor designingvirtual signingunits, it is moreef-
fective to usegraphicaldesignsandimplementationswhen
dealingwith the � ve basic linguistic parametersof a sign
language:location,handshape,orientation,movement,and
nonmanualsignals(NMS) [11]. We have also considered
the “local movement”,a specialcaseof the movementpa-
rameter. TheMovement-Holdmodel[5] is embeddedin the
graphicalimplementationof phonologicalandmorphologi-
cal parts.

Gesture Space and Location
Accordingto McNeill' s studieson humanmakinggestures,
the gesturespaceis “a shallow disk in front of the speak-
er [6].” McNeill dividedthegesturespaceinto differentsec-
torsandfound thatdifferentgesturestendto �ll in speci�c
sectors.The gesturespacecanbe consideredthe spacedo-
mainof handmotions.

Liddell and Johnson's description of “point of contact”
(POC)[5] providesadirectguidancefor theimplementation
of locationin virtual signing.They illustrate

���

majorbody
locationsandgivedetailedexplanationsof articulatoryloca-
tionsonthehead,thetorso,andthearm.Wefoundthatother
POCfeaturessuchasproximity andspatialrelationshipsare
alsohelpful in graphicalrepresentations.

A requirementfor modelinghumanbodyandhaving ahand
arriveatagivenlocationis to takeinto considerationthebio-
mechanicsinherentin thehumanbody. Here,themovement
of the humanbody is seenas the combinationof motions
of thebodyskeleton.Therefore,thehumanbodyis modeled
asa robotic manipulatorwith a largenumberof degreesof
freedom(DOFs)at its joints. Therearevariousmotionsat
different joints [8], for examplethe wrist hastwo kinds of
motions:(a) �e xion andextension,and(b) radialandulnar
deviation (side-to-sidemovement).

With sucha large numberof joints, thereis no analytical
solutionfor the problemof moving a handto a prede�ned
location.To simplify thelocationproblem,thebodyis divid-
edinto smallerparts,for examplethehandpartandthearm
part. Thus, the movementof a speci�c part becomessim-
pler. A softwaresuchasIKAN [10] providesan analytical
andnumericsolutionfor ananthropomorphicarmor leg.We



arecurrentlyworking on embeddingit into our virtual hand
model in order to resolve the complex locationproblemin
realtime.

Basedon our experiencewith modeling hand movement
(wherewehaveto dealwith signi�cantly moreDOFsthanin
the arm),we believe that heuristicmethodscombinedwith
theapplicationof handconstraintscanprovide ef�cient so-
lutions to modelingthe movementof an object with large
numberof DOFs(moredetailsaregivenin thenext subsec-
tion). Thus,we arealsoexploring theuseof thesemethods
in modelinglocationsin thesigningprocess.

Handshapes and Hand Orientation
The handshapeis the most importantphonologicalpart of
ASL. Moreover, thereareasmany as

���

DOFsin onehand
(if consideringthe palm orientation),which is the reason
why we chosehandmodelingasthe �rst stepof designing
the sign languageinterfacing system.Basedon consider-
ationsof handbiomechanics,wehaveconstructeda life-lik e
virtual handthatcangenerateall typesof handshapes.

The motionsof the �ngers, thumb,andwrist arerepresent-
ed asvariousrotationsat handjoints aroundspeci�c joint
axes.Thus,ahandcon�gurationis onlyasetof joint rotation
angles.The handorientationis seenaspartof typical hand
motions,namelyrotationsat thewrist andmotionscoming
from theforearm.Theseconsiderationsnaturallyconformto
the biomechanicalstudiesof the humanbody [8]. Figure1
showsseveralexamplesof handshapes.

Figure1. Handshapesrendered in differ ent styles.

WealsoconstructedaGUI for adjustinghandjoint anglesso
asto generatedifferenthandshapes.To supportthecreation
of naturalhandshapesandquicken the generationprocess,
we appliedhandconstraintsto our virtual handmodel.An
exampleof a handconstraintis givenby thebendingof the
middle �nger: the ring andindex �ngers follow themiddle
�nger' s bendingmovement.The applicationof handcon-
straintshave greatlyhelpedus in the constructionof hand-
shapes.

Nonman ual Signals
We arecurrentlyconsideringincorporatinginto our virtual
signingprocessfundamentalnonmanualsignalssuchaseye
movement,headtilt, andmouthopeningandclosing.Mod-
eling complex facial expressionsis a challengingtopic in
computergraphics,while somebasicfacialexpressionscan
be producedwithout muchdif�culty . Themodelingof face
andfacialexpressionsconstitutespartof our futurework.

Movements and Vir tual Signs
According to Liddell and Johnson's model, signs can be
segmentedinto movementsandholds—moreprecisely, they

canbe composedof sequentiallyproducedmovementsand
holds[11]. UsingtheMovement-HoldModel,ASL linguists
describethe formationof new signsfrom ASL phonologi-
cal andmorphologicalparts.It is importantto notethat for
somesigns the sequenceof movementsand holds can be
verycomplex.

To make thingseasier, in ourapproachwecastoff linguistic
implications.By movements,we meanany kind of move-
mentsusedin signing.They canbeinternalmovements,lo-
cal movements,andmovementsde�ned by movementand
hold segments.Froma modelingpoint of view, a hold seg-
mentis similarto amovementsegmentandasigningprocess
is composedof asequenceof movements.

First we de�ne a gesture(similar to articular bundlein [5])
andthenshow how to constructagestureandusegesturesto
createasign.A gesture� is adatastructure���
	���	 thatcon-
sistsof thecontrastivephonologicalparameters:handshape,
location,orientation,movement,and NMS. The valuesof
theseparametersarede�ned with their own characteristics.
For example,a handshapeis a setof rotationanglesof hand
joints,anda locationis a 3D pointandits correspondingro-
tationanglesat thearmandshoulderjoints.

A gesturecanbe easilyconstructedby usingGUIs for de-
�ning handshapes,locations,orientations,movements,and
NMS. We have implementedparameterGUIs (an example
is shown in Figure2) andwecanconstructahandshapevery
quickly with them.All the gesturesarestoredin a gesture
database���
	���	�
�	���� .

We introducea ������� factor and constructa sign accord-
ing to the following rules: (1) The time � canbe the start-
ing time for a gesture� or the time interval betweentwo
adjacentgesturesin the signing process.(2) A sign � is
a linked list of timed gesturesfrom ���
	���	�
�	���� : ���
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�*)+!%��),$�- , with � � , �*) the starting
andendinggestures.(3) To producea correctsign, � canbe
editedthroughgraphicaluserinterfaces(Figures2 and3) the
animationof � is displayedat user-de�ned speedsuchthat
interpolatingframesbetweenadjacentgesturesareautoma-
tically insertedfor displaying;theanimationprocesscanbe
pausedatany momentfor possibleinsertionof new gestures;
whenpaused,thecurrent(interpolated)gestureframeis sub-
ject to beingedited(throughparameterGUIs) andto being
storedasa new gesturein the ���
	���	�
�	���� . (4) All theoper-
ationsareperformedvia a GUI interfaceanda gesture time
factor, if changed,is broadcastto all thegesturetimefactors
in � . (5) The resultinggesturesareautomaticallyrendered
anddisplayedon thescreen.

Figure2. The sign edit GUI and the �nger GUI.

It is very commonto combineexisting signsto obtainnew
signs.For example,ASL methodsfor new sign generation



Figure3. Oneof the signing editing GUIs.

include movementepenthesis,hold deletion,metathesisin
phonologicalprocess,compounds,andnumericalincorpo-
ration. Thus,a sign database���
	���	�
�	���� is neededfor the
combinationand creationof new signs.When a sign � is
createdandenteredinto thedatabase,many �elds thatarere-
latedwith � shouldberegisteredinto ���
	���	�
�	���� . Examples
of such�elds include � 's parametersand their values; � 's
transcriptioncode;possibleglossingrepresentations(e.g.,
CAT for the“cat” sign);signsrelatedwith � ; measurements
(weights)of theirrelationships(e.g.,SIT andCHAIR arehigh-
ly relatedsigns,having apossibleassociationweightof 0.9).

With ���
	���	�
�	���� , new signscanbeeasilyconstructedusing
a methodsimilar to that of creatinga sign from a gesture
database.After all, a sign � is, a linkedlist of gestureswith
associatedtime factors.Moreover, we canuseeditingfunc-
tions,for examplethein�uenceof two consecutivesignscan
be dealtwith throughdeletionandmodi�cation of the ges-
tureson theboundaryor throughinsertionof new gestures
betweenthem.In addition,a sign databaseis necessaryfor
theconstructionof classi�er predicates.

“Writing” in Sign Langua ge
An importantrequirementfor “writing” in signlanguagesis
thatasignshouldberenderedin differentstyles,correspond-
ing to varioussituations.A life-lik e virtual animationcan
beusedastheendproductionof a sequenceof signs,while
outlineandwireframerenderingsprovide very fast(yet un-
derstandable)representationsfor a largenumberof signs.A
signlanguage“writer” canquickly selectthedesiredsign.

Two mainproblemsprevent“writing” in signlanguages:one
is how to retrieve the right sign from thesign databaseand
theotheris how to transitionsmoothly, naturally, andgram-
matically from onesign to the next. To deal with the �rst
problem,wecanborrow methodssuchasautocompleteused
in severalAsian languagetext input techniques.Whenone
clicks on a signor typesin thetranscriptioncodefor a sign,
the signsrelatedto that sign (e.g., with higher associated
weightsor sharingthe �rst transcriptioncoding symbols)
will bedisplayedon thescreen,eachof whichbeinganani-
mationsequenceaccompaniedby a number, renderedin an
easy-to-understandstyle in a small screen area.Onecan
easilyclick on thedesiredsign or type in its representative
number.

Thesecondproblemis anopenproblem,currentlyexplored
by sign languagescientists.However, as the �rst step,the
editing techniquesdescribedin this paperfor creatingnew

signsfrom existinggesturesandsignscanbeused.If a user
is familiar with a sign language,easy-to-useGUI interfaces
canhelp combiningtwo or moreconsecutive signs.Based
onourpreviouswork on transitionsbetweendifferenthand-
shapes,we believethatthis approachis correct.

CONCLUSIONS
In this paperwe have introducedthe layoutsof andprovid-
edtheguidelinesfor developinga signlanguageinterfacing
environmentwhereuserscandesignandconstructsignlan-
guagelinguistic parts,generatesignsfrom theseparts,and
ultimately useexisting signsto constructnew signsin the
language.Our prior experiencewith handshapedesignand
signeditinghasencouragedusto pursuethis topic.

By extractingthelinguistic implicationsof thesignsandem-
beddingthelinguistic meaningsinto puremovementsat the
avatar's joints, signing processesconsistessentiallyof de-
�ning andcontrollingmovementsequences.We believethat
throughcarefullydesigneduser-friendly GUIs, hearingim-
pairedpeoplecouldbene�t from ourproposedsolutions.
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