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1. INTRODUCTION

People who are unable to speak tluough physital impairment face formidable difficulties in communicating. even
with the helpof synthetic speech output devices. Tpr speaking rates with current systems are 2-10 words per
minute. or even lss. as measured against the "30 words pa minute average of natural speakers [12]. One way to
increase communication rate would be to allow the user to store and recall a large number of reusable texts. This
method has thus far proved impracticahle because of the difficulty users have in remembering what they have
stored. and how to accem it. within a conversational xiuration where aquick response is essential for success.

2. MODELLING COMMON CONVERSATION“. FEATURES

A possible help in increasing the effectiveness of text storage augmentative communication systems would be to
have them contain models of conversation patteming. in order to provide the user withpredicted sequences and
illner predictions for the next thing to say. drawn from tlreslored texts. We have developed a number of research
prototypes based on diflerent aspects of convmational pancrning, in order to examine their ct‘fectiveness’in improv'
ing computer-aided communication.

Speech does seem to be infinitely variable. However, it does not follow that it is totally unpredictable. As Fillmore
says : ‘an enormous amountof natural language is formulaic, automatic, and rehearsed, rathuthan propositiorurl.
creative. or freely generated' [9].

if a complete conversation is considered. at the most simple abstract level it can be said In have three components.
in the following order :

(1) Opening the conversation
(2) Conducting topic discussion. and
(’3) Closing the conversation

The process of opening a conversation m the following possible elements, in the order- given below [13.18] :

(1) Bid for anention
(2) Verbal salute
(3) Identification
(4) Personal inquiry. and
(S) Smalltalk

Just as in opening a conversation we employ a predictable routine. we also tend to follow a set procedure to close
the conversation. As Scheglofl and Sacks state it. a conversation 'does not simply end. but is brought to a close'
[191.
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The basic elemean. in order. olelosing ocorrvemtion are [11.19] :
(1) Transition signals
(2) Exchange ofphacic retrial-ks. and
(3) Exchange of farewells

Continuorts leedhackfmm the Estate: to thesptstkeris important in creating therapponnecessary foremversation.

‘ This feedlmk can. as with titles. nuaer denote continued attention. ltcan alsooonvey more information. such as

agreement. pouement. amusement. shock or other reactions [23]. It is partly bemuse physically impaired non-

vocslpeople have difficulty inennveyingthissonofl'eedback thatrhey areot'ten mistskenbyunlamiliarpeopleas

being deal. uninleresml. or unintelligent.

2.1 The CHAT pmmtype - opening, closing, and glvlng feedback

A prototype communication system. called CHAT. hasheen developed. which allows a user to produce open-

ing/closing sequences and feedback realm easily. CHAT is an mytn for Conversation Helped by Automatic

Talk. The intention of the design is to have the system automate asntnch of the convasan‘onai pmss as is feasi-

ble. and in this way reduce the keystrokes nwemry to operate it. substantially increasing the rate of conversational
participation that is possible by a inn-speaking person.

As well as opening and closing sequences. a range of feedback remarks has been included in CHAT. allofwhich are

available for the equivalent atone keystroke. Having only one keystroke per speech act is particularly important

when giving feedback to another speaks. since tinting here is imponant for the remark to have its effect. The feed-
back remarks were chosen to cover as wide a range ofsintaiions asposible.

CHATnpet-aresat the level ofa speechELand mtaqaeeific utterance. andis thusabletoprovideauromatically a

variation in output. simulating what unimpeded spotkersdo in avoiding clumsy repetition. The mean opt for

CHAT's predicted such act. or direct ii to output another type of speech acL Where CHAT is unable to help. the

user always has the option to create unique text (at. of course. a much slower rate).

An extract from the dialogues carried out using CHAT is given below:

CHAT user: So. what about this weather recently '1 (Keystrokes needed to pradirce utterance : 1)

Convusation partner: I know. it's awful isn't it. Wish it wasn't quite so bad. it was snowing when i came

out of school today.
CHAT user: Yeah. Well... (Keystroke: needed topmdrc: utterance : l)

Conversation parent: : Yeah.
CHAT use! : All is well with you i trust. (Keystrokes needed to produce utterance 1 1)

Convention partner : Yeah. except for this cold. I wish I could get rid of iL

In trials the CHAT system was fornid to provide a much faster Inelhod of generating this type ofoonvasational
material titan existing devices.The results from trials ofCHAT with physically impaired ncrnAspeakers. showed
words per minute rates ranging from 19 to 54. compared with the currentachievsble tales ofl-IO words per minute.
Users and eonversatim parnters reponed generally positive impressions of the conversations produced using CHAT

[31. This system has been incorporated into a communication device for non-vocal people. called TalszboutT"
which is now oomrnaciaily available [15].
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2.1 Appruebulolopic discussion
Alumghtnpicdiscussioncumin:mepredicmhlesequueesnndmutines.ithrsnmuchlessobviommeuue
thantheopeuingmmfingmdomofamvmhwohhdmmmmmfimhegmwm
outthewidelndvnriednreaol'mpicdiseuaim [10.14.22]. ltmaybepom‘blehuwevertnutkefilhnore's view
about thumotmt of non-original material included ineverydny convention as: sun-ins Point. how. and no
eoncludethutwhatcanbemdictedahouttopicdiscusionistlntitisoftenrepetitive.

Onemetboddtuefmewhichmaybeofbelpwincrenseeonvasationalefieaimofmn-spenflngumolm-
munimtinnsystemsismdeveloputechniquefnrstnring nudreu'ievinglargeamntmlsofleusable oonvetsatimnl
rem. Themetboddevelopedwouldneedtohevethe'inlenigmee’tonflutheusawggcstedwnysofmvigunng
tluough this text forpmducing convention. while autumn tirnemviding a vay simple intafinee. which does
mlimpedednmahomfltemainfisknthhichissociulfillfluflinu. Toexnmlnelhefasibililyofthisap-
Mmbnvebemmyinsomunumbetofdifimmdies. Enchinvolveamedevelopmentot‘npmmtypesys-
temwbichaeeemnlnrzedatabnseofprestmedconvermiuulmmhl Thianuirutheparticipatienolvnlun-
teaswhnhnveueuwdmesepemnnlemvmnfionnldmhaseefmwedngpmpquehavebeenworlringbnth
wirhnble-hndiednnd nonivocal physically impairedvolurueers.

Onechnnneristic of eonvusationismovingnmongnvurious paspectivesnfthetnpic currently being discussed.
undthenmovinginaeobetentwuyroanothatopic. Topicmovematt isurxmallybandledinastep-wisefiashinn
by oonvusau‘onalisu [7]. In this \vuy. the coherence of theennversaeion is coopetutively maintained. whileeach
lpeukerisubletotaheminconunllingtheeonvmtionnlmnmL Parthenon-makinan using communi-
cation systern,thisisparticulnrly publrnmic. ltbnsbeen shown Ihategreatdeelofsuchcommmlminneonsists
ni'ringlewnrdnrdwrtphrnsemm.wherethewpicbnbeensetbydteunnidedsptakernfl. Wherethecnm-
muniwinnsystemmmightliketoimmducenmwdimtionintheconvemtinanetimeimlrestouuteund
outptnusuitnble contribution usually meanslheconversntinnhnsmnved at.

line we describe three method: which are currently under investigation as possible ways inmma topic move-
ment tacility in an augmentative cammunimrion system. “file med-eds are modelling perspective switching in a
conversation. and using two techniques for modelling topic-change: hypertext and funy information retriean

2.2.l Perspective switching. A prototype system. called TALK is being developed for the purpose of exploring a
number of way: to improve augmented communication. including summit: perspective switching within a topic.
We have attempted to provide for transitions betwetm perspectives in two ways. First. the usa can select it 'Me' or
'You". Second. choices are displayed for the selection of n 'l'ime' perspective (Past. Present. Future) and on '(h-i-
entntian' perspective (Where. What. How. When. Who. Why). 0n the' screen. art-tent menu selections are high-
lighted. making it possible to select any combination of perspective: with n maximum of three mouse clicks.

Although I deliberate choice ofconversational perspective - u with preplatming possible oonversntitmnl items - is
notanactivity thatnaunalspeakexsneedtndoveryofien. itispmofthe 'ovcrhead" needed woperate this system.
1! seems unavoidable that some such effort would be may for users of a commutation system. This proto-
type. in fact. attempted nodes: the gap between current systems. which require conscious planning atthe word and
leuerlevelmndnautral speaking. in whichtnany ofthedetnil: nispeechorganiwinnandproductionuenotutn
conscious leveL

Trialsofthe'l‘ALKprototypeweteeonductedwithanablebcdiedpersonusingiuooonununimletunntunbaol
otherpeopleonnsettopic. Convmfiomonmiswpicwuenlsoieldbypainofunuunlspeakenfmwmpafison.
Allomvetsatimtswaenmscribedmrleoded. Anexmiromeachisgivenbelow:
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Wm
Sputkcr 1: They don'lseern to have heard ol'speed limits.
Speakerl: Oh that's the least ofthcir problem i think. I don't think they‘ve hard ofjtutctions.

Speaker 1: Orntles about how to overtake.
SpatkerZ: Yes.this istrue
Speaker 1: 1heysaythefoodisalot hetterthanthedriving.
Speaker 2: Yes, yes The [nod wasgood when we went. lt wasexceltent. Sitting in the cafes. it

was ntoe.
Speakcrl: Thatsotutdsgreat.

WK

TALK user : l went to Frame last year. to Marseille. (Mouse clcht needed tn produce Menace : 2)

Conversation partner : l've never visited Marseille. I've sort of driven round the outskirts. but never acmlly

gone to Marseille.
TALK user : Surprisingly. it's really beatniful. (Mouse clicks needed to produce utterance : l)

Conversation partner: Really? [just imagine itas sonata port. andjust like any otlta large city. with

nothing particularly interesting.
TALK user: You expect a maju‘ port to be fairly grotry, don't you.

(Mata: clicks needed to produce utterance : l)

Conversation partner : [LAUGH] That's righL [LAUGH].

1n the case of the person using the TALK system, conversation paruters reported that the conversations seemed natu-
ral. and that a favourable image was projected by the TALK user. Thepause times needed by the TALK were sig-

nificantly reduced from those usual with users ofwmmunication systems. and a speaking rate of about 67
wards/minute was achieved. Oi course. it mtmbe taken into account that the eventual users of such a system will

have physical impairment which will slow down their activation rate of the system. but the even with this taken into
account. the improvement offered was of such an order that it would still be significant.

Comparisons of the computer-aided conversations with the neutral conversations showed tlutt the average length of

time spent by each speaker in conversation was about the same. Given the general lack of participation which char-
acteriscs most augmented communication, this was encouraging. An interesting feautre ol'the TALK user's conver-
sational style was the use of topic changes a method of repairing conversational problems. The TALK user in
fact made more topic changes than the conversation partners, This was also encouraging because it indicated that a
system such a this might be able to offer increased conversational control by a non-sparking person. in an moept-
able and conversationally interesting way [5, 20,21]

2.2.2 Hypertext structures. Hypertext is a method for storing and navigating through information which pttrpons to
be based on the ntanner itt which the human mind stores and accesses information. using highly flexible associative
links [8]. A hypertext system consists of nodes. each olwhich can be linked to any other node to create an associa-
tion between them. Any cross-referencing in documents can be corsidered as a prototype of hypertext. but the provi-
sion ola rich network of such associations on a computer with interactive capabilities gives hypertext its real char-
acter. Hypertext could thus be a good candidate for lusting a text-based conversation aid. by modelling the flexible
way in which the mind stores and recalls conversation items [21.

Hypertexth capacity for creating amiative links between items could also be useful in modelling parts of the con-
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versatimalpncessilselffiuthyassisfinxdreaumenredspeakerby anticipating their convusuiomlneeds. In
topicbasedconversation.npanieipamrnovesromoihermpicinmeemversarion.bymaldngeimera‘boundaried‘
orn'slep-wiso'topicshiflm.Ahoundariedshifiisnmdewilhkeyphmseswhichindicateflnunohnrptchangem
anunrelaIedIDpleisnhoutlobemuiieAnep—wisernoveisnwleeommon.wherehyamoveismodelontqric
whichisclearlyrelutedmthepreseutoneJnInauynurlarivecommunicaliunsysrern.bormduriodshifisoflopic
moybensoisrodwidiamofreadymnartsappmpfimmlhissanofmoveWeareexplorinsdieponenfialofn
hypmeslsynemtonhemmediflicnhmkofhdphrgannugmmledspeabrmeflecrsrepwisempicmefi-
cimtly willrinrmoreof conversational material.

AsnfimmpJFolmypesysmmhmheendevelopedwimdreworflngmme'fioorynhber',oneofilsuuenfions

beingroincrem Illeuser's convemlional control [41.11: inrerfaoedesign was nonoperative effortbelweai one of
iheaurhcnandam—spakingpemn. Thispu-smelsamlheusaofrhesyslemintherxinis. Theinrerfiioecon-
sisls of ten boxes and arr-screen humus which are covered by pointing and clicking with a mouse Three types
ofbummmusetwhichhuvemeeffectof (l)speakingrherextiniheboxpoinledlo (2) Wgaquickcotn-

ment. (3) goinsloanorbermpic. mmrchoieesunthesueameallonapmimunrmpic. Theyeouldbespokur
insequencemrns'hoidinglhefloor')orcoolflbensedindividuolly.orinnny mbsequuapproprim. Moving
tonnotha'mpicismoompiishedhycliddngondrewpmpfimhmon. Topiuwddbechoseninanysequmm
thensexeouldmoveorrmdienextclosestlopicrorhecunurrone. '

The system m trialled by [he non-vocal volunteer, in a series of conversations with a variety of conversation pm-
nm. which were videoraped and transcribed. An extract is given below. Note that rhe Hoorgmbher rue: eoniirutes
to employ other rnelhods of rising Floorwabber to produce an extended unemc :

Floommbberuser : [went in weompere in line Wurldan-rh Games.
Conversation puma: Uh-hulr.
Floorgr'ahber user : This was an inmricml event. hr disabled athletes.
Conversan‘nn partner: Uh-huh.
Hoagmbberuser : Therewueabuusoowplefiomnll overihewrldeompeling. [think

Ilrere were 14 different countries represented.
Conversation partner: So, um was. like. loads or people speaking different lmguages?
Flomgrnbher user : Eh. (Vaccination)
Conversation partner: God. I couldn‘t handle that. ['d
Hoagrabber Iner : Ehlrh (Vocnusadon) (Game: hand-mule)

Conversalimpamer: Wmillllright'!
Fiougrnbber user : Eh. ('Vocdlellon)

Memaflritishsqmmmmemsolsoouflconish learn.

Analysis oflhclrrmscfipls showedlliahwherr iirepmtotypwnsuidedlotheusa'soommrmimfion modeerewns
nblewuraeaseurewrnlnumbaoiwordsheused inexhcmwmflnnwasignfl‘mtdepumoutputofme
other speakersz uninfected, il'uuyrhing being slighrly higher. which indicares dial the system user having the
ability loinlmduce lax! did nolcrealenrrle payivehehuviouronthepmoftheother speaker.

Conversan’onnlcontrolbydiesymnmwasflsoincrensedmsmeasmedbyhisincmseduseininifiammmdde
creaseinresponders Again.Ihenormalspeakersretairredrheirlevelolhritinmrsevenwhenrliesystemuserin-
creased his. inoicaiingadialog which was in general more lively. -

2.2.3 Fuzzy information retrieval. A mini lechnique for a predictive communion system would be to sirnulale
nannal topic movement duough a conversation by means of a retrieval system which allowed for an imprecise corn-
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mand such as "Find a conversational text which is something like the prescntone". In this way the system would

pmvidesensible predicuonsastothenexttexttobespokenand. bylakingagtwdealofthecoytitivehurden oft’

tlteusa.andallowthemtoparrieipatemorenamrallyinaninmction.Wehaventadeastartatexaminingtheprac-

ticahiliryofdesigning such a retrieval system foraconvetsationhehterhasedon fuzzy settheory.

Fuzzy set theory is an extension to conventional set many which is particularly appropriate fiat modelling vaguely

defined systems where it is not possible to classify the components of the system into discrete sets [24]. The theory

is madtematically rigorous. but takes as its starting point the central concept that membership ofany set. instead of

being abinary propeny(yesorno.1tr0). isdescribablc as amlnumherhetween D (definitelyan the set)audi

(definitely in the set). Thus. instead of 'x belong to set ‘1'. we might have ’The membership value of x for the set

Y is 0.146'. which gives a relative value to how strongly it belongs to set Y.

This theory has been applied successfully in oonu'ol systems of various sorts [[6]. If applied to an information to-

trioval system. the theory allows for more flexible storage and teu'ieval methods. The similarities between items in

thedatabasecanhecapmredwithmntheneedforsimilaritemsroshareantanberofdesotiptorstmnagivenset.

Front the point of view of a conversational database. a fun)’ set retrieval systtan has the advantage that. given one

item. it will always produce a set of the most similar items in lhedatabase. It will never learn from a search with

no items found [17].

In order to test out the teasihitity of using fuzzy set retrieval methods in a conversation aid. a prototype system was

developed [6]. Fr: labelling the stored items. two types of descriptor were used. Based on previous work with a _

text database. the descriptors either represents the semantics of an item (its subject) or the ptagruatics (its purpose in

a dialogtte. i.e. speech act) [1]. The system uses eight subject descriptors (travel. music. sport. driving. oommurtim-

tion. work. family. friends) and live purpose desu'iptors (opening. elaboration. question. joke, conclusion). Each

itetn inthe {my setdatahasehasavectorassociated with itwhich desort‘heditsdegreeofhelonging to thesethir-

teen categories.

A numbu' of expuimcnts were carried out to determine an efficient and accurate way to assign these values. The

optimum design was an analogue display on the computer screen (a sliding control) with which values could be set

for each item. it is expected that the values set will always have acenain degree of subjectivity. This is acceptable.

however, and even a desirable characteristic. in a system which should model the conversational style of the met.

To evaluate the perfomtanee of the system against an equivalent system based on boolean search databme retrieval

methods. a version of the system was created which used the same stored text ilerns but which depended on conven-

timal database searching to compare stored items. As expected, the conventional system ohen produced no texts
which matched a given text. whereas the fuzzy set system always produced a full set of candidate texts

Fewer mouse clicks were needed to produce the conversun'on using the fuzzy set system (20% to 35% fewer). Oc-

cuionnlly. the conventional database system required a large number of input activations (e.g. mouse clicks) to pro-

duce an utterance. whereas the fuzzy set system raided consistently to need an average of about two. Also there was
adill'aence in the cognitive task involved. With the conventional system. the user had to form a search plan and
execute it. The fuzzy set system simply presented appropriate material automatically.

Two examples of the system in action are given below. in the first it is used to produce a monologue. This shows
thateoherertt srepwisetopic moveseanbe made with minimal activations from the wet. The second extractis of
Msynembeingusedinadialoguewithlnatumlspeaka‘.
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         -r on urn-.ua - rm- r,r ,l
(Each utterance preceded by theum ofouse clicks to produce it)

  

l: Thest which I emusingtospeak ismexperimental one that larn developing.
4: Much of the work atthe MicroCentre ooncerns helping people with special requirements use computers.

1: I came to Dundee Univenity to do art M.Sc. in Computer Science. and enjoyed it somuch I decided to stay on.

2: Computerskeep developing so fast. It's really odd working with equipment that live years ago would have

been pure Science Fiction.

2: Jean. one of my flatmates. works on really high tech equipment at the Miu'oCenh'e. Things like Eyeuacloers

7; lshareaflatin St. Andrews with two otherpeople.
l:Liz,oneofthepeoplcwidtwhomlshareaflaLisalso myfiancce.
1: My franeéestudiedMedieval andArt History atSt. Andrewsand isnowdoingaPhD.

2: lam finallygwingmarriedinlunemmyl'tmoeeofuie lastfourycars.

1: Although I do not (hive. both of my flamates own cars which is often very handy.

l:0nedaylwouldliketolearnlodrive.
3: Before I came to Dundee Univa-sity I studied philosophy and hisrta'y at St. Andrews.

3: Having studied medieval history it would be nice to see the magnificent cathedrals and castl on the Confluent.

l: The medieval monastery at Cluny is supposed to he absolume amazing.

I: Have you ever been to another country?

5: Whatsortofmusicdoyoulike?
2: Do you have a lot of tapes records or compact discs?
3: My main hobbies are reading swimming and music.

2: Do you like swimming?

2: Ireallylikeswirnming.lt'saspon!candoatntyown pace.

2: Often the threeofus in the flat go swimming togetha,

 

System user. Igor a wok for Chrisunas so I'm experimenting with making Chinese food.

Conversation partnu'. Olt. right I haven't got a wok.

System user. llove eating Chinese food.

Systemuser. What kindoffooddo you Ike?
Conversation partner: l think my favourite food at the moment is Indian but I tend to go through

phases of liking different kinds of food.

It could beobjeotedthat the 'prompting‘ nature ofthe fuzzy set system was irtimicai In real conversation, in that one

could never know what the user might have said if working with a totally free choice. Against this. it can he argued

that with stored reusable material. the order in which it is said matters less than its successful and appropriate intro-

duction intoa conversation. The criterion is thus nota direct comparison with unaided speech. but with successful

versus unsuccessful communication. however accomplished.
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3. SUMMARY AND CONCLUSIONS

nepmtotypesystmsdesctibedinthispaperman mmpumimptmethepufmnmofnangmemflvemm-

munlcafimaysmmbyhtsomewyuimuhfingthcpnmolunimpaindcmmfim. Mneman

Mmmummmwmmnlmgmmmmmmmhmmmflmm

whichcannisumloconvetseonanmnbuofdifimlewacpmdingmthcdismwsssaalbeingptnsud.

Smhlsysum sinnldbeabletodulutlwoneend with highlymedictnbleJm-mukiceonvasatimal mmmdat

Iheothctwitltuniqtte.mw1yctutedmmces. Betweentluetwocommunicatimmodminmetypeofwnvm-
flmwhichinvolvesmusablemwtial. mlargenlemgundtwievalofstchmatefiallnawywhichismit-

ablewhentheprimatymkisimmncdngwimmmmdnmmhingmmughadmhasmsdnpmblm

addtusedbythaeptomtypes
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11tisworkwnsfmfimmmofmeanmnmmhySmmmmkemleommmm
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