-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Edinburgh Research Explorer

Edinburgh Research Explorer

Nonverbal behaviours improving a simulation of small group
discussion

Citation for published version:

Padilha, E & Carletta, J 2003, Nonverbal behaviours improving a simulation of small group discussion. in In
Proc. 1st Nordic Symp. on Multimodal Comm. pp. 93-105, The 1st Nordic Symposium on Multimodal
Communication, Copenhagen, Denmark, 25/09/03.

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
In Proc. 1st Nordic Symp. on Multimodal Comm

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN ACCESS

Download date: 05. Apr. 2019


https://core.ac.uk/display/43719803?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://www.research.ed.ac.uk/portal/en/publications/nonverbal-behaviours-improving-a-simulation-of-small-group-discussion(a27a01c3-d098-4c37-a7c4-e528761faac9).html
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Abstract

This paper reports on the development of a multi-agent simulation of small group discusson that
focusses on the interadion and the wordination of turn-taking. We describe the aldition of
nonverbal behaviours, such as gaze gestures, posture shifts and head and fada expresson, to the
model; how the agents in the simulation take these behaviours into acaunt in their dedsions to
sped, to stop, or to give feedbadk. The simulation is to be evaluated comparing its statisticd
profile aainst the statistics generated by a simpler, base model, one without the nonverbal
behaviours, to show that it better approximates the statistics of a red group discusson. The
properties to be asessd include mean transition intervals, turn lengths, relation of gaze to
spe&ing order, frequency of simultaneous garts, and of feadbad.

1 Introduction

Much is known abou the organization d tak in conwersation, such as its
interactive patterns and the coordination d turn-taking. Research in sociology
and psychadlinguistics have put forth empiricd data and models that explain part
of this organization. However, there has been little or no attempt to apply or
implement them to a simulated system, either to further investigate and assess
such data and models, or smply to show how to make agents that better emulate
the behaviours, maybe gaining insight that could help conwersational agents or
mediated communicaion.

Simulation is a good method for investigating conversational structure. It
allows buil ding hypaothesis testing and model evaluation o certain aspeds withou
interference from al the rest of the complexity. Nonetheless the best known
simulation d multi-party interadion (Stasser & Taylor, 1991 only generated
patterns of the order of speaking turns, based on ndaions of stable differences in
spedking rates amongst participants and transitory tendencies to spesk depending
onwhen ore last spoke.

More recently, another simulation (Padilha & Carletta, 2002 used a simple
multi-agent architedure to emulate the @ordination d turn-taking and feedbadk
in small group dscussons; that is, 3 to 7 participants in informal faceto-face
conversations. Coordination was effeded by the interadion d the multiple
individual behaviours of the various agents, such as garting to talk, talking in
turn, finishing an utterance and giving feedbad. Agent dedsions were dso based
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on tendencies to spe&k, and to do dher behaviours in a range of modalities
including nonwerbal ones.

Nonwerbal behaviours have been recaving gowing interest in the
development of conversational agents for human interadion, virtual worlds, and
mediated (all-human) multi-party communicaion (Vertegad et a., 200Q Rickel
& Johrson, 2000Q Cassll et al., 200). They have important roles in faceto-face
communicaion. However, to ou knowledge there seans to have been no attempt
to reaedetheir effedsin the organization d talk of multi-party conversation.

This paper describes the ongoing work in the development of a multi-agent
simulation d small group dscusdgon that incorporates nonverba behaviours. In
particular, it describes how they variously affed the participants tendencies to
sped, to continue talking or to stop, and to give feadbad, based onthe empiricd
literature. Of interest is the methoddogy to be employed in evaluating the
simulation, reported in sedion 6. The basic ideais to show that the simulation
containing nonwerbal behaviours, described in sedion 5, yields better
approximated patterns verifiable in red data than a simpler base model, withou
them, which is presented in sedion 4. These models both extend the work
presented in Padilha & Carletta (2002, whose framework outlined in sedion 3
provides the operational badground. But we first lay down in the next sedion
some of the observations and hypotheses from the literature on nonwerbal
behaviours that our modelli ng will be based on.

2 Nonverbal behaviours

Nonwverba behaviours play important regulatory roles in faceto-faceinteradion.
Apart from complementing the interchanges with emotional content and refleding
interpersonal relationships (Scheflen, 1973, they help coordinate turn-taking and
the organization d talk. One of their functionsisto show turn-yielding, and it has
been foundthat the display of one or more such cues sgnificantly reduces the
posshility of smultaneous claimings to the turn (Duncan, 1973, presumably by
giving participants better guidance a to when to effed a speker transition. Gaze,
gesture and pastural behaviour can show the participants tendencies not only in
yielding the turn, bu in continuing to talk (turn-holding) or preparing to talk
(turn-requesting). They thus help to runamore dfedive interadion withou much
need of resources from the speed signal (which busily caries the contents of the
interchanges) to be devoted to it.

The speder's gaze, in particular, though na esential, is a strong comporent
in floor-appationment (Bedtie, 1981 Kama, 1992. Spe&kers tend to look away
in the ealy stages of formulating what to say, gazing bad at an interlocutor when
formulation is completed and the utterance is being finished so they can monitor
uptake (Argyle & Cook, 1976. The person the speer gazes at when finishing an
utterance has an advantage in taking the next turn of talk simply because he can
more realily recognise that the speaker is finishing (Steinzor, 195Q Lobb, 1982.



Evidence of gaze bath as turn-yielding and turn-hading cues came first from
Kendon (1967): he observed that utterances that terminated withou speer gaze
more frequently had delayed li stener resporses. Based onthis and aher evidence
Bedtie (1981 hypothesized that the dimination d gaze shoud increase speeker
transition intervals, at least in situations where gaze levels are low, such as in
conversation between strangers. Its importance has aso been recognised in multi -
party mediated systems: absence of gaze can deaease the turn-taking efficiency
of the ammunications by 25% (Vertegad et al., 2000.

Gestures and pasture shifts, bah speaker's and listeners, can aso affed turn-
taking dedsions, athough less clealy as with gaze (Bedtie, 1981). Changes of
posture from as littl e @ a head tilt up to the whole body balance (Kendon, 1972,
tend to accur when speders initiate or finish uterances, or at various levels of
discourse junctures (Scheflen, 1972 Cas=ll et a., 200). Gestures sow the
spedker's continuing engagement in talk and can thus indicae turn-holding.
Duncan (1972 observed that turn-taking attempts fell virtually to zero when the
spedker gesticulated at phoremic junctures.

Listener resporses uch as head movements (nods) and fada expressons
function as or complement badkchannel feedbadk like "yed", "mm", or "uh?".
They help maintain the flow of interadion; withou them, the spesker would
soorer or later wonder whether the others are listening (Orestrom, 1983. Listener
resporses are given mainly at phoremic junctures, espedally by the participant
the spedker gazes at (Kendon 1967 Dittman & Llewellyn, 196§. They can aso
occur at hesitant phases of speed (filled pauses, etc), or when ore has arealy
understood what is being said and might be preparing to spe& (Rosenfeld, 1977.
With such ealy resporses, the speaker is more likely to emit turn-hading signals
like gaze aversion and gesticulation (Duncan, 1974.

Besides ealy listener resporses, behaviours that may ad as turn-requesting
include posture shifts (eg. head forward), noddngs and gesture beginnings, like
raising a hand a finger (Wiemann & Knapp, 1979. They can delay the speeker in
dedding to corntinue to talk at junctures when he gazes up, and also attrad some
of the others attention, reventing them from dedding to spe&k as well.

3 Thesimulation

A simulation d small group dscusson that contains nonwerbal behaviour was
presented in Padilha & Carletta (2002). In the aurrent work, we ae employing the
same framework, and most of the agent behaviours and interadive patterns from
that simulation, except for the dhanges in modelling and dedsion tendencies to be
described in the next sedions.

That simulation introduced a general framework that can be used for various
kinds of conversational interadion at any level of representation: a simple muilti-
agent architedure with a blackboard where the agents read and write their
behaviours. The simulation runs in a loop d cydes of a fixed, arbitrarily short



length, during which ead agent in turn reads the behaviours of the previous
cycle from the blakboard, deddes what to do and then writes the gpropriate
behaviours badk in a seamnd Hadkboard. These ae wlleded and read at the next
cycle. The agents output multi ple behaviours, ore of ead modality (speed, gaze,
gesture, etc). The behaviours of ead cycle are treaed as sSmultaneous.

The simulation also had a general way of modelli ng the agents with resped to
the dedsions they make. A set of likelihoodattributes for ead agent was used to
govern their various dedsions gochasticdly. They only concerned interadion:
whether an agent wants to speék, to give feedbadk, the confidence or insistencein
talking simultaneously with athers (that determined who would stop a continue),
utterance lengths, and the frequency with which a speger would continue to talk
after eath utterance (and thus extend the turn). This st of attributes charaderized
eahh agent with regard to their talkativeness transparency, confidence,
interadivity and verbosity in the discusgon.

Since the focus is interadion and the mordination d turn-taking, the adual
contents of utterances were astraded away in arder to concentrate solely on
those aspeds. Hence the speed behaviours included: badkchannel feedbad of
two types, "yedh" (representing any kind d pasitive @ntinuer, such as "mm",
"uh-huh’, etc) and "uh?" (any negative feedbadk, such as "sorry?", that induced a
resporse from the spedker); start of talk with timestamp information; talk in turn;
utterance nea-completion; and uterance mmpletion.

The last one crresponds to arriving at a discourse or phoremic juncture, or in
turn-taking terms, a transition-relevance place (Sadks et a., 1979, to be referred
henceforth as TRP. It is the placewhere aspe&ker transition would be expeded,
but not necessary since the speaker can always continue to talk.? It involves at
least grammatic (syntax and semantics) and posodic (intonational contour)
completion (Orestrom, 1983. These ae esentia condtions, though usually more
are expeded for transitions to occur (cf. next sedion). The behaviour indicaing
utterance nea-completion was then caled "pre-TRP" and represented in the
simulation these aies from the speed signal.

As a simulation d faceto-facediscusson, kehaviours also included a range
of nonwerbal modaliti es: gaze, gestures, pasture shifts, head and fadal expresson.
They were expressd just by indicaing their presence or absence or, for gaze,
whether one was looking away or at someone (and who). Nods and a puzzled
expresson were nonverbal versions of "yeah" and "uh?' respedively. The spegker
could make gestures on and df throughout the turn up to the pre-TRP, while
posture shifts could oy occur at the start and end o ead utterance The spedker

! Currently defined at 500ms, or half a second, which is a good compromise with the requirements
of the interadion and turn-taking. The only situation in which such coarse granularity provesto be
a limitation is with simultaneous (or quasi-simultaneous) starts. They were resolved by adding a
timestamp to the start of talk (timing within the ¢ycle), and by asaiming that the first to spesk
adually did so and the others just intended to (or "inbreahed"), but were aut short by the first.
2We ae cdling utterancewhat Sacks et al. (1974 named aturn-construction urit (TCU).



started gazing at the previous one but would soon (randamly) gaze away, gazing
badk only before the TRP.

In that simulation al these nonwerbal behaviours were produced to emulate a
general pattern of participant interadion. They were not used as inpu by the
agents in their various dedsions, so they did na affed the interadion,
participation, turn length and the turn-taking coordination. In fad, that simulation
was generating too many simultaneous darts. not only starting of talk (and
feedbadk for that matter) could orly occur at one position, at the g/cle that was
tagged TRP, bu aso there was just one behaviour affeding abou as equaly
everybody's dedsions to start: the pre-TRP, or utterance nea-completion). In the
red data we have, participants are much more caeful (and skill ful) in avoiding
simultaneous garts while aeaing much more varied speker transition petterns.

The purpose of the arrent work is therefore to updite and expand the
previous smulation by implementing the dfed of nonwerba behaviours from the
observations of the literature. We nead to verify their effea by comparing the
profile of the interadion generated by the smulation to the one produwced by a
base model, withou the nonwerbal effeds. Thismodel is described next.

4 Thebase model

This model is based onthe general turn-taking systematics of Sads et al. (1974).
It described conversations as having a one-at-a-time spegkership organization,
with owverlaps and silent gaps occurring mostly at speker transitions, and with the
first participant to start at a TRP getting the turn, o, if no ore does, with the
current spe&ker potentialy continuing to talk. That is: participants take turns at
talk during which, overwhelmingly, orly one spe&s. More-than-one (overlaps)
and lessthan-one (gaps) are @mmon bt brief.® Turns correspondto ore or more
utterances with the TRPs inbetween, at pauses in the spe&ker's talk. The first to
spe&k at a TRP gets the atention o the others, starting then a new turn. The
current speker realily gives way to the new starter unless ancther participant (a
later starter) reveds anything that could have higher priority, such as a problem of
understanding (eg. "uh?").

Participants intending to speek use aes from the speed to projed (roughly)
when it is going to end so as to time their own starts: the grammatic and prosodic
completions already mentioned. These ae esential but often insufficient for a
smocth spedker transition to occur, ore not taken as interruption. Usually, ore or
more alditional turn-yielding cues are used by participants in dedding to start:
drop in pitch and/or loudresstowards the end d the utterance, an urfilled pause
after completion, the spe&ker gazing badk up to an interlocutor, termination d
gesture, and a shift of pasture, such asleaning bad (Duncan, 1973.%

3 Although overlaps are dealy not nea as common as gaps between transitions. For instance,
Orestrém (1983 found it to be aslittle & 17% in a rpus of dyadic conversation.

* For example, Orestrém (1983 found in his corpus (though withou any nonverbal behaviours)
that 95% of all transitions had grammatic/prosodic completion, and two thirds of these (ie. 63%)



The nonwverba cues are wnsidered in the next sedion, bu the drop in
pitch/loudressand the unfill ed pause can be represented in this model. Take & an
example the foll owing extrad from ared group dscusson that shows the spegker
finishing an utterance grammaticdly, prosodicdly, and by gradualy reducing
loudress® After abrief interval, someone starts to spek:

1....treat all the students fairly, really.
2: You can't really...

This transition could be reproduced in the simulation as follows. Utterance
contents are nat considered, ony talk and feedbadk. Talk is marked by cycles of
the behaviour talk . When completing an uterance or arriving a a phoremic
juncture, a series of one to three pre-TRP cues are sent: tlk2 , tk1 , tlko . This
varying length alows for more patterns of spedker transition owrlap and
feedbadck. The sequence ats as a cuntdown to the TRP that follows it. The TRP
represents the unfill ed pause dter completion d the utterance In case of adropin
pitch/loudress the pre-TRPs beome, respedively, low2 , lowl, low0 . So the
previous example would be represented as (bold font just for clarity):

Agtl: talk talk low2 |owl | ow0 TRP
Agt2: talk talk ...

The spe&ker may dedde to continue talking immediately after tiko  (not
sending out the TRP)® or continue &ter the TRP, if no ore dse has darted then.
Dedsions to continue ae taken acording to ore of the likelihood attributes of
eadt agent cdled verbasity. In this next example, the speder finishes an utterance
andreceves fealbad; after a pause (the TRP), she mntinues:

1....that he's gonna be, fine wasn't he? And a second one...
2: yeah
3: yeah

Thiswould be represented in the simulation as foll ows:

Agtl.... talk talk tlk2 t1kl t1kO TRP talk talk...
Agt2: yeah
Agt3: yeah

also had additiona cues: 40% had an urfilled pause, and 44% areduction in pitch or loudness He
concluded that the more of these (and ather) cues, the more likely the transiti on.

® Punctuation is intuiti ve here. The period represents a falli ng intonation, as would a question mark
represent a raising-falling one. Commas are small prosodic discontintiti es, and the spacebetween
the two utterances, a short interval. The smaller font conveys the lowering loudness

® This possbility, something like "..talk tlk1 tIko talk ..." represents discourse junctures
with no pause, where speker transitions are not nhormally expeded (no TRP), but where li stener
responses may be. In the recordings that we have, more than half of them occur far away from the
TRPs, at the midd e of the utterances, seamingly at lower syntadic-semantic boundaries.



Agents deade to start talk based on the probability expressed by ancther
attribute of ead agent cdled talkativeness They may start at the pre-TRPs (after
the first one & least, thus overlapping the finishing spedker), at the TRP (when the
spedker has just finished), or after it (after the pause). The TRP meant by Sads et
al. (1974 adualy comprises al these gycles: atime, na a point, where transitions
are expeded; our tagging of just one g/cle & "TRP" isindicative only.

talk tlk2 tlk1 tIkO TRP | 1 cycle dter | 2 after
- - T/2-0.2| T/2-0.1| T/2 | T/2+0.1 T

Table 1: modificaionsin the tests against Talkativeness(or Transparency).

The likelihoodto talk at eat o these times varies though, as it does for eah
agent. Starting while the speeker is gill finishing must be lesslikley than after it.
So, the adua dedsion is modified by the equation (T/2)- 0.#, where T is the
agent's talkativenessand #isthetik# or TRPcue (with #= - 1) just read from the
previous cycle. Consider the likelihoods to be red numbers between 0 and 1.
Table 1 shows the modifications from this equationin dedding to spe&k at ead of
the paints of the TRP.” It is only two cycles after the TRP that the likelihood to
start (provided no ore has already) comes bad to the normal T value. A dropin
pitch/loudress (low# instead of tlk# ) further adds +0.1 with no maximum (ie.
they can go ower T), making it more likely then for agents to start closer to the TRP
with this additional turn-yielding cue.

T»| .1].2| 3.4 .5].6|.7].8].9
at tlk1 0[O0 0 |0|.05/.1]|.15].2|.25
at tlko 0 [0].05]/.1]|.15].2|.25|.3]|.35
at TRP .05|.1|.15|.2|.25|.3|.35| .4| .45
1 cycle dter A1 1.21.25|/.3|.35|.4|.45|.5]|.55
2after(noomd) | .1 |.2| .3 |.4| .5|.6|].7|.8].9

Table 2: participatory likelihoods at various paints of a bare TRP.

Once ayents fail in dedding to talk at any of these paints, they also dedde
whether to give feedbadk acmrding to ancther attribute, transparency, using the
same modifications as above (with T now referring to this attribute). If dedading
for feadbadk, the agent stops any further tests of talkativenessfor this TRP. We
will refer to these two dedsions together (either talk or give feedbad) later on as

" Astable 1 shows, reading the TRP (the sil ent pause that is a turn-yielding cue) just adds evenly to
the dedsions, as if it was another "pasition” of the pre-TRPs. One might think it ought to have a
more sdient effed as Duncan (1972 and Orestrém (1983 reported. In the simulation, the
tendency of gaang badk and shifting posture & the same time shall i ncrease its influence.



participatory dedsions. Table 2 gives the adual likelihoods of the modifications
of table 1 for eat o the points of the TRP (values go to a maximum of T).

Other dedsions the aents take include whether to continue talking if
simultaneously with athers (as when more than ore starts at the same time), the
length of ead uterance and o the preTRP sequence whether to reduce
pitch/loudress there, and whether the feadbadk to be given is pasitive (yeah) or
negative (uh?). If someone starts talk whil e the spedker is finishing, the others test
an attentivity attribute to dedde whether they continue a normal or shift their
attention to the new starter. Faili ng to shift attention immediately is the cause in
the smulation o second (later) starters.

In this model, the ayents are using only the speed signal to coordinate their
interadion. It is suppased to be like talking on the telephore with various people
on the other side. As fiown in table 2, starting to spesk immediately when ore
finishes (smocthly, at the TRP), then bemmes haf as likely as the normal
likelihood for the agent. Even after a silent pause @nfirming the TRP, the
likelihoodis gill small for everyone. Only further at the next cycle ae the values
badk to nama. This way, the agents wait a little longer to confirm that the
spedker stopped before starting (or doing feedbadk), increasing transition intervals
asis predicted to happen in novision condtions.

5 Adding nonverbal behaviours

The base model makes agents extra-caeful and lessinteradive & the TRPs by
considerably reducing their probability of doing participatory dedsions. Visual
inpu, by providing more regulatory cues, further affeds these dedsions in this
new model through additional, cumulative modifiers. But note that not all of these
verbal and nonwerba cues we ae araying here ae meant to occur, or adualy
occur, together at every spedker transition. Most commonly just one or two, o
even nore ae given, which may probably help explain why transitions with some
silent interval are much more common than smocoth or overlapped transitions.

5.1 The speaker'sgaze

Unless the utterance is very short, the spesker soon lre&ks the mutual gaze
obtained when starting to spesk. When finishing the utterance, the spesker gazes
badk at an interlocutor on any cycle up to the TRP, even prior to the pre-TRPs. The
time of gazing bad is dedded acwording to the agent's interactivity attribute. The
more interadive, the more likely for it to occur soorer. The interlocutor can be
any one of threeprevious edkers, with 0.6, 0.3and 0.1 pobabiliti es for it to be
the latest up to the oldest previous gedker, respedively (agents keep arecrd of
this). Given the dfed gaze has on the person leing gazed at (below), this
predisposition makes it acourt in part for the dyadic pattern of conversation, the
ABA tendency (seefor instance Stasser & Taylor, 1997).

The dfed gaze has on the listeners participatory dedsions is the fador to be
modelled here. It is one more turn-yielding cue that increases their likelihood d



dedding to spe&; adthowgh na essentid, it is definitely a fador. Moreoever, the
effed is greder (or more realily aded upor) onthe person being gazed at than on
the others. Let's make that the speaker gazing at someone dse other than the agent
adds +0.1to all participatory deasions of the base model, with maximum to the T
(the agent's talkativenessor transparency). Table 3 shows the probabiliti es in this
case, allowing for reduced intervalsin transitions, and more smoaoth ores.

T»| .1]1.2] 3|4 .5|.6|].7.8.9
at tlk1 0|0].05/.1|.15|.2|.25|.3|.35
at tlko .05(.1|.15|.2|.25|.3|.35| .4 .45
a TRP 11.21.25/.3/.35|.4|.45 .5 .55
1 cycle dter 1 1.2] .3|.4].45|.5|.55|.6].65
2ater(nomd) | .1 |.2| 3.4 .5|.6].7|.8].9

Table 3: likelihoods when the spedker gazes someone (+0.1, with maximum at T).

The agent being gazed at by the speaker when finishing an uterance, onthe
other hand, adds not +0.1, bu +0.3 withou any maximum. This makes
participatory dedsions to be even more likely at the TRP than the normal T (at
least at low likelihoods), as hown in table 4, beaing on the strong effed of gaze.

T»| .1 ]2 3.4 .5]|.6|.7].8].9
at tlk1 A15(.2|.25|.3|.35|.4|.45|.5| .55
at tlko 25|.3|.35|.4|.45|.5|.55|.6| .65
at TRP 35| .4|.45|.5|.55|.6|.65|.7|.75
1 cycle dter 45| .5|.55|.6|.65|.7|.75| .8|.85
2after(noomd) | .1 |.2| .3 |.4| .5|.6|].7|.8].9

Table 4: likelihoods for the agent being gazed at (+0.3with nomaximum).

As described in the base model, the spesker may dedde to continue talking
after the TRP. If so, he might avert gaze depending on hawv strong the deasion to
continue was, before the mmpletion d the utterance With the spe&ker gazing
away, the likelihoods remain as that of the base model, as if no visua inpu
existed. This makes the ayents lesslikely to dedde to speak and give feedbadk
when the spe&ker gazes away whil e finishing an uterance

5.2 The speaker's gestures and posture shifts

Withou some ntent information, we caand coordinate gestures to coincide
with spedfic parts of the discourse & conversational agents already do (Cas=ll et
al., 200). The speder then just randamly gesticulates on and df while talking,
acording to the agent's norverba attribute, alowing different frequencies for
ead participant.



Gestures em to conwey ether a turn-yielding or turn-holding inclination,
although it is not as drong as gaze and loudress Whil e the spe&ker gesticulates,
dedsions to start talk are reduced by - 0.1 owr the other modifiers. Fealbad,
however, which indicaes that one does not wish to spedk, goes onas normal.

The speder, once deading to continue talk, may keep gesticulating at the
pre-TRPs and at the TRP. "Gesticulating” at these times is suppased to represent
the speaker nat bringing badk the am or hand to a resting paosition when finishing
talk. The dedasion to continue can be taken at any pre-TRP, so that the agent can
go ontransmitting the behaviour (and/or gaze awvay) after finishing the utterace
The likelihood d gesticulating is increased, orce one has dedded to continue, if
the speeker receves ealy feedbadk or other turn-requesting behaviours at that
time.

Participants may shift posture (or otherwise their body balance) occasionally
in the wnwversation with no m@rticular meaning, just to adjust their seaing. But in
the simulation, the speder shifts posture only at the TRP (after finishing the
utterance). If the spedker is not gesticulating, it increases the others' participatory
dedsions by +0.1, except for the agent gazed at (if at all). So with the alded effed
of gaze, a posture shift makes the others' likelihoods almost as good as that of this
agent.

5.3 Listener behaviours

Depending on hav strong the dedsion to start talk was, a listener may emit turn-
requesting behaviours and orly start at the next cycle instead. The choice and
number of behaviours are deaded acarding to the norverbal attribute: the higher
the value, the more likely that more than ore, and more dfedive behaviours are
made. Turn-requesting behaviours are aposture shift, a gesture (the beginning of a
gesture), and nod (also representing head movements like those acompanying
fada expresgons: eg. head tilt with apuzzled expresson).

The more behaviours emitted as preaursors of the start of talk, the more likely
the others will reaognise them and not dedde to start or to continue to talk next.
The ayents dedde whether they percaved the behaviours through the attentivity
atribute, shifting attention aceordingly as explained in the base model. The
spedker also tests for whether the behaviours are recgnised as well, except if
already gazing the requesting participant. If successul in grabbing attention, ead
behaviour shoud reduce participatory dedsions, or the spe&er dedsion to
continue talk, by - 0.1. Their effed is to reduce the probability of simultaneous
starts by forewarning the others through the visual channel.

As described in the base modd, to give verba or nonwerbal feedbadk is only
considered orce the ayent has already dedded nd to talk. The two dedsions are
based on dfferent attributes of ead agent, alowing for their independent
frequency variation; say, we can have a nontalkative participant that gives
frequent feadbadk. But it also implies that the more talkative the ayent is, the less



feedbadck he tends to give relatively, which seems to be the general tendency in
the discussons we have seen.

Fealback (termed continuers by many) also invites the speker to continue to
talk by indicaing that that listener is not intending to doso ("go on,| understand
you'). In asensg, it isthe inverse of turn-requesting. Therefore, let's make in the
simulation that the likelihood d the spe&ker to continue talking increases by +0.1
after recaving only fealbadk (no matter how much) and no turn-requesting
behaviour. This makes stuations where no feadbad is given lesslikely to make
spedkers to continue talking as normal. It then begins to exert an influencein the
organization o talk aswell.

6 Evaluation

The modelling of this smulation d nonwerba behavioursis gill being asesd,
and requiring evaluation. We can orly report here how we intend to dothis, with
the ad of asmall corpus of audio- and video-taped group dscussons.

We have a5-person and an 8person dscusson, ead totaling around 16
minutes. The 5-person dscusgon, for example, has over 80 spe&ker transitions
(not counting simultaneous talk) plus over 50 clealy reagnizable in-turn TRPs
(TRPs withou spe&ker transition). They were recorded in an experiment where
the participants were told to dscussa hypatheticd case of plagiarism. Except for
occasional minor interferences by the microphmes attadched to record ore channel
per participant, the mnversations £an to have flowed raturaly enough, being
representative, we think, o typicd discussons between strangers or coll eggues.
The video was recorded from the celing and the participants wore hats with hig
arrows painted ower them that clealy show head movement and dredion.
Unfortunately occasional uncertainty still exist where it is impossble to tell
sometimes who they were gazing at, or if at all, since /e movement canna be
sea. Gestures and pasture shifts, though, can be recognized easily.

The methoddogy for evaluationis smilar to the one used by Stasser & Taylor
(1991). We will first adjust the atributes of the agents @ that a series of runs of
the base model yields as good an approximation as possble to the statistics of the
red data, the frequencies and mean lengths of the amergent events we ae
modelling. Then we run bah the base model and the nonwerbal behaviour model
with the same atributes for a series of hundeds of simulations of the same length
of the red data (say, 80 spe&ker transitions like the 5-person recrded dscusson).
With the dtatistics of the two sets of simulations cdculated, we ae &le to
compare bath models and werify whether the seaondfits or approximates the red
data better than the first, the base model. All other things being equal, the
differences droud be due to the dfed of the implemented behaviours on the
interadive dedsions of the agents.

The properties to be anayzed for the evaluation may include some or al of
these: mean speker trangition intervals and neotransition TRP intervals,
relationship of the spedker transitions to the TRP total (frequency with which a



TRP adualy resulted in a transition), turn lengths, the relation o gaze to the
spedking order, frequency of simultaneous darts, overlaps and gapped transitions,
and frequency and locaion d feedbadk.

7 Concluding remarks

We presented a simulation d the organization d talk and interadion in small
group dscusgons that acourts for the dfeds of nonwerba behaviours to the
participants dedsions in a stochasticd way. The various cases do nd aways ever
or never happen; they have different likelihoods to happen, depending on the
context and the interchange of behaviours. The described model synthesizes ssme
of the more relevant observations available on the subjed. In this ®nse, it is
intended to be adescriptive model.

This is a new reseach area Available @rpora of multi-party conversation
such as group dscusson is as yet pradicdly inexistent. Moreover, na only
quantitative analyses, bu also empiricd and descriptive reseach have yet to be
caried up more etensively. Many of the ersidence regarding the dfea of
nonwerba behaviours is dill contradictory (Bedtie, 1981). At such a preliminary
stage, even the synthesis of the enpiricd data and evaluation d a first-passmodel
against some red datais auseful reseach am.

However, the method d modelling a process using purely simulated means
limits the representativeness of it. Since the simulation is necessarily simplified,
ignoring many aspeds of the process arguably the "good' results canna aways
be considered proof that the concepts and definitions employed to produce them
are good. They emulate empiricd data, bu are the underlying means adequate or
accetable for the visible ends? The same reservations might certainly apply to
other (maybe dl) stochastic methods as well. In sum, the model may be
descriptive, but isit explanatory? The reader isleft to judge for himself.

The dedsions to tak, to stop talk and to give feedbad are social dedsions
after al, invalving a range of other isaues besides the pure structure of auditory
and visua signas. They invalve the contents of communicaion, d course, bu
more than that, the socia relationships between participants (status, their roles,
aqjuaintanceship, etc), their expedations (pdliteness typicd procedures, etc) and
emotional states, among others. In alowing the dstradion d these whole levels
of complexity by simulating through probabiliti es, we ae ale & least to begin
outlining what the systematics that produces this complex process of
conversational interadion may look like. The results could be used to inform, for
example, better modelling of emboded conversational agents or mediated
communicaion.
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