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Abstract

Speech convergence is the tendency of talkers to become more similar to someone they
are listening otalking to, whether that person is a conversational partner or merely a voice heard
repeating words. Theause othis phenomenon is unknown: it may be related ¢g@neral link
between perception and behavigDijksterhuis & Bargh, 20011 a coupling beveen speech
production and speech perception systems (Pickering & Garrod, 2013), or an effort to minimize
social distance between interlocutors (Giles et al., 1991). How convergence is facilitated or
inhibited by various factors (e.g., gender, dialeatel®f attention) can help pinpoint the reasons
behind it. One aget unexamined factor in this regard is cognitive workload, i.e., the information
processing load a person experiences when performing a task. The harder the task, the greater the
cognitiveworkload. This study examines the effect of different levels of task difficulty on speech
convergence within dyads collaborating on a task. Dyad members had to build identical LEGO®
constructions without being ahthleahmembeshawng e ac h
half of the instructions required to complete the construction. Three levels of task difficulty were
created, with five dyads at each level (30 participants total). Listeners (n = 62) who heard pairs
of utterances from each dyad judgmshvergence to be occurring in the Easy condition and to a
lesser extent in the Medium condition, but not in the Hard condition. Acoustic similarity analyses
of the same utterance pairs using amplitude envelopes ardeaueéncy cepstral coefficients
showved convergence on the part of some dyads but divergence on the part of others, with no
clear effect of difficulty. Speech rate apdusing behaviouboth of which can demonstrate
convergence (e.g., Pardo et al., 2013a) and be affected by workloatiyelg.et al., 1993;

Khawaja, 2010), also showed both convergence and divergence, with difficulty possibly playing

a role. The results suggest that difficulty affects speech convergence, but that it may do so
ii



differently for different talkers. Factors suabk whether talkers are giving or receiving

instructions also seem to interact with difficulty in affecting convergence.
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Chapter 1: Introduction

1.1 The question at hand
As talkers, we oftechangehow we speak based on who we are talking to or listening to,
or based on the circumstancesavespeaking inFor example, t&ing to someone who speaks
morequickly than we do may cause us to increase our speech rateeven if we do not intend
to. We may return from a vacation abroad to frieaslangus why we sound liksomeone from
the place we have just visitedlhen we ind ourselves trying téalk while doing a challenging
or attentiondiverting task we maynotice that our speediecomeshigherpitched andouder.
So, if we are in a situation where we must talk and listen to someone while doing something
difficult, will we change how we talk based on our interloduter s ,rehow difficult our
task is, on both, or on neither?
This dissertation explores tirgeractionof two factors whicloftenc a u s e dpeethk er s 0
behaviourto change, whether consciously or:remnvergencgthe tendency tbecome more
similar to hie people we talk and listen to, aadk difficulty the fact that talking while
experiencing a cognitive workloadn affect how we produce and perceive spdegbarticular,
it examines whether talkes workingin a dyadon a difficult, dialoguentensive task together
display more or less speech similarity over the course of their conversation than do talkers with
an easier taslConvergences explored in several areas: how listeners rate the vouodhsity of
dyads in a harder taskertme v er sus their ratings of talkers
gl obal acoustic analysis techniqgues measure t
di fferent difficulty citymmdpedch ratesover timdieaffdttedby t al k
the difficulty of the task they are working o

pausing behaviour changes due to the condition they are in.



This chapter proceeds as follavection 1.2 exploreséicurrent state of speech
convergence research. Sectiondxa@mines the research on the effect of task difficulty on
speech behaour. Section 1.4 presents the kinds of questions regarding speech convergence and
task difficulty which may be answered bystistudy.Section 1.5 describes the study used to
explore the effect of task difficulty on speech convergeBeetion 1.6 presents an outline of the

dissertation.

1.2 Convergence behaviour in speech

Speech cavergence is widespread phenomenon characterizg talkers becoming
more similar to someone they are talking to, or even to someone they are only listefiing to.
range of speech and linguistic behaviours are susceptible to convengbitdehas led to its
study by researchers in a variety of duicies At the discourse level, talkers haotenbeen
found to converge in how quickly they speak (Street Jr., 198@nan & Streeldr., 1984;
Levitan & Hirschberg2011; Pardo et al., 2013®ther discourse featurea which talkers
convergearelength d utterances and conversational tufRstman & Streedr, 1984; Bilous &
Krauss, 1988 frequency and duration of paug®atale, 1975b; Bilous & Krauss, 1938&nd
how much talkers speak afaigh, use backchannels (verbal indications of understanalil)
interrupt each other (Bilous & Krauss, 1988yntactically and lexically, talkeereoftenfound
to adopt the vocabulary, clause structure, and sentence structure of their interl@sugog (s
Levelt & Kelter, 1982Garrod & Anderson, 198%Garrod& Doherty, 1994 Branigan et al.,
200Q cf. Healey et al., 2034and talkers working to complete a task together often come to use

the sameeferring term to indicatan item (see e.gClark & WilkesGibbs, 1986; Brennan &



Clark, 1998). In the acoustiphonetic domain, talke®nverge on various quantifiable
measures, including vocal intensitye(, loudnessNatale, 1978); word or phrase duration (Abel
et al., 2011); fundamental frequency (Babel & Bulatov, 2012; see also Gregory, 1990; Gregory et
al., 1993; Gregory & Webster, 19969cal (Babel, 2010, 2012) and global (Kim, 2012;
Lewandowski, 20123pectral characteristics; and voice onset iimeiced and voiceless stops
(AbregoCollier et al., 2011; Nielsen, 2011; Shockley et al., 2004).

Speeb convergence has been found to occur in both conversational and non
conversational context€onversationatontexts are usually elicited either through interview
style interactions (e.g., Natale, 127/% Gregory, 1990; Gregory et al., 1993; Gregory &
Webster, 1996), or tadkased interactions, where two talkers must collaborate to accomplish
some goal (e.g., Kim et al., 2011; Lewandowski, 2012; Pardo, 2006; Pardo et al., 2010, 2013a).
The taskbased interactions have typically used one of two taskspetask (Anderson et al,
1991), where one talker must give instructions to the other as to how to trace a route orma map,
a 6diapix6 task (Van Engen et al., 2010), whe
picture and they must collaborateidentify differences between the pictur&alkers in these
tasks cannot see each other, so all of their interaction is accomplished throughNpeech.
conversational contexts for studying convergence are typified by the auditory naming task
(Goldinger,1998;Namy et al., 2002\ielsen, 2011Babel, 2012Babel & Bulatov, 2012Kim,

2012, in which talkers produce single words from a-pe¢list before and after (either

! Note that beause of the way these studies were structiiiegl, one talker in the task was always directing the

otheri the two talkers did not necessarily both produce the same words or phrases to refer to the items. In most
cases, the director was the one prodytire bulk of the speech. Nevertheless, the talkers had to come to an

(implicit) agreement on what terms referred to which items, and if the director used a term that their partner had not
agreed to, confusion often resulted.
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immediately or after some period of time) hearing a recording of a nedklef prodweing the
same words.

Convergence iffequentlyassessed through perceptual judgment tasks, ichvikteners
judge whethera al ker 6s productions sountheymere e si mil ar
listening toor theinterlocutorthey were speaking withfter being exposed to the
model /interlocutords productions than they di
Goldinger, 1998; Kim, 2012; Kim et al., 2011; Namy et al., 2002; Pardo, 2006; Pardo et al.,
2010, 2013a; Shockley et al., 2008sPar do (2013, p. 2) states, n]J
phonetic convergence provides a measure that reflects global similarity across
multidimensional aspects of acouspich onet i ¢ at t r i bSpmerscensstudies| t aneo
such as BabelndBulatov 012) andPardo et al. (201@013a), havéroadened their
explorations of convergence by usingth perceptuaheasureand acoustiphoneticmeasures
toassestalker® changes i n sThispreseats a fuller picture ®frwhatevem e
convergene may be occurring, as changes which may be measurable acoustically may not be
importanti or even availablé to perceiversRardo, 2013; Pardo et al., 20)3but may
nevertheless be both reliable and acoustically intere®iesparchers such as Kin0({2) and
Lewandowski (2012) have begun to usabgl acoustisimilarity measures place of specific
acoustic measures, which allow for a more hol
choosingd particul ar ac o ussthus ntorecdmparabletbae r i st i cs
perceptual judgmenttask.e ver t hel ess, the perceptual judgme
for assessment of speech convergence, as human listeners perceive and interpret speech as

speech, something which is stdkrgdy beyond the reach of similarity algorithms.



1.2.1 Proposedcauses okpeech convergence
Speech convergence has been attributed variously todéwsesa general link between
perception and behaviolgading to a tendency towards mimicayparticularlyclose coupling
between speech production and speech perceptiond a desire t o accommoda
communicative behaviour to that of othdfach one posits a somewhat different mechanism of
speech convergence, each of which could interact differently methauses of cognitive

workload due to task difficultyThesecause will be explored in turn in the sections below

1.2.1.1 A general link between perception and behaviour
There is some evidence to suggest that humans are borntesittieancy to mimic
other$. Within a month of birthfor examplejnfants have been found atchthe facial
expressions of an exparenter (Meltzoff & Moore, 1977cf. Anisfield, 1996 andJones, 2009
Speeh also exhibitghis earlytendency towards mimicrypetween 12 and 20 weeks of age,
babies Istening toadultvowel productiondiave been found teroducevocalizationswvhich both
reemblethe vowels they hegdKuhl & Meltzoff, 1996)and which mimic the prosodic contours
and utterance durations of the vowel productions (Kuhl & Meltzoff, 13&#&jlar, apparently
unconscious matching of anotherds behaviour b

areas, including spelecas detailed above), posture andvement (e.g., Chartrand & Bargh,

26 Mi mi crmiot asmedotmdcessarily the best terms for the speech phenomenon under investigation, as
their lay uses often imply purposeful activity. Some researchers (e.g., Chartrand & van Baaren, 2009) make a
distinction between the two, with mimicry being unconsciousianigtion being conscious; others, however (e.g.,

Babel, 2012), wil!l refer to certain speech phenomena a:
that this is unconscious. As mimicry and imitation are both widely used terms in the lgethéyr may
occasionally come up in this dissertation; as much as |
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1999;Richardson et al., 200,7and emotional affece(g.,Zajonc et al., 198Bargh et al.,
1996)

Spontaneous mimictyas been attributdaly John A. Bargh and colleaguiesa link
between perception amehaviour The cor e of thainfleenea pfperceptianh i st
on behavioral tendenciesastomatic, in that it is passivenintentional, and nonconsciaus
(Bargh etal.,, 1996,p.233) t hat i s, A[p]erceptual i nputs ar
behavior al out put so ( DiThiklisktisahoughto resultBomBar gh, 20
mental overlap between the perceptual and behavioural refases for a particular action,
which causes the motor representation of the action to be activated when it is observed in
anotherDijksterhuis and Bargh (2001) suggest that from an evolutysstandpoint, this is a
very old link, and is thus one that can be moderated by newer cognitive systems.

There are a number of possible advantages to such a perdaghiaviour link. Socially,
mimicking and being mimicked has been found to lead to ligimdjbeing liked, to be a way to
demonstrate social affiliation, and to create and enhance empathy (e.g., Chartrand & van Baaren,
2009; see ab the discussion in section L3 below). Developmentally, mimicry has long been
thought to be one of the keydis children use to acquire skills (see e.g., Piaget, 1951/1999),
including the sounds, words, and prosodic features of their language (Kuhl & Meltzoff, 1996).
Mel t zoff and Moore (1994, p. 83) suggemet t hat
as physical mani pul at iltasmpossibde totindibituhis dotiviatedft a n di n g
there are disincentives to mimicry (e.g., putting oneself in danger or discomfort), or if current
operating goals require behaviour that is in conflithwhat suggested by the perceptual input
(Dijksterhuis & Bargh, 2001). Wdo not inttate every action we observdayt perception is

nonethetss sufficient to create actiorand often does.



1.2.1.2 A coupling betweenspeech productionand speech perception

Dialogue is not an easy taskalkerswishing to interact witlone or morenterlocutos
not only have tdormulate a messageincluding semantic, syntactic, and phonetic coniteatd
produce that message, but also havettrpret incoming messages, foriaie and produce
further messages in response, and so on. Automating these tasks, at least to some degree, would
make dialogue easier. One way to do so may be to couple speech comprehension and speech
production through mechanisrakin tothe productiorbehaviour link discussed abovEhe
series of models proposed by Martin J. Pickering and Simon Garrod (Pickering & Garraal, 2004
b; Garrod & Pickering, 2009; Pickering & Garrod, 20haye been at the forefront in this area.
Pickering and Garrod acknowled@eg., 2004, p. 177) that there is a great deal of similarity
between the automaticity in their models and the automaticity of the perebphamiour link
proposed by Bargh and colleagues. One key difference seems to be that the automatic speech
produdion-perception link is in support of an intentional joint action: i.e., in dialogue,
Ai nterl ocutors have the goal of communicating
(Garrod & Pickering, 2009, p. 295). Other rgpeech automaidly imitatedbehaviours seem to
be unintentional or incidentdbr example, the people who converged in their er@gking
patterns in Richardson et al. (2007) had no intentionwfi t at i n gnoverments, butih er 6 s
happened nonetheless.

Pickering andsarrod(2004, b developedhednteractive alignmei@mode| which
proposed that dialogue asjoint action between talkers which is gred#lgilitated bya tight
coupling between language production and languagnprehension. In this model, coupling is

acheved by having channels @&flignmenbleading to talkerautomatially having the same



representation omultiple linguistic levels Alignment does not happen all at oncather, the

alignment of lower linguistic levels articulatory, lexical, syntactic leads to alignment at

higher | evels: in particul arwhitoh adn g@-ntmeeitr offr
di mensi onal representation|[s] of the apituatio
172).Alignment is accomplished throughr i mi ng: fAencountering an ut:

particular representation makes it more likely that the person will subsequently produce an
utterance that uses that r eapprlddksnntBarghiamdn o ( Pi c
c ol | e a gasassi & pogsible for alignment to be inhibitadhen it conflicts w

current goals (Pickering & Garrod, 2004b; Garrod & Pickering, 2G04 xamplehigh-level

goalssuch ascorrectiagn i nt er |l ocutor s mislhkee dewel b wmavi ng |
alignment to that interlocutor s plikegvi ous pro
because they are paying more attention to the-lhighv e | meaning of their in

than to the lowevel phonetic qualities (Garrod & dkiering, 2004)However, it is expected that
such inhibition will be more difficult for a talker than simply aligning.

Garrod andPickering 2009 introduce the idea that the reason for alignment is to allow a
tal ker to predict ;thihiefurther developed ih Rickedrtg and Garoda ct i o n
(2013, wherespeeclproduction and comprehensiantaken to be particularcase of action and
action perceptionin this approacii peopl e compute action represen
and perceptio representations during action to prédictionof what they are about to perceive
or do, in a way that al | oPRickering & @armodR0d3, m g3t ahea
italics origina). This is accomplishedithin aforwardactionmodel,in which an action
command generates a copy of itsetilled antefference copy to be used in predicting the

perception of the outcome of the commanke predicted percept is compared to the percept
8



generated by the action, and the result is fed backhetsystem to determine if changes need to
be made to successfully carry out the next adsere Hickok et al., 2011, for a similar model

focusing on speech productio®r uci al ly, a | istenero6s forward

same kind of prediction f a t al ker 6s action, which can ther

and assist the listener in determining how to respladPickering and Garrod (2013, p. 337),

i mitation is an integral part ofeadkieals@g we:c otmh

utterances by covertly imitating what they have uttered so far, deriving their underlying message,
generating efference copies, and comparing those copies with the actual utterances when they

occ.ur o

1.2.1.3 Anaccommodationofo n e 6 s c¢ diverbehaviow # that of others

Communicéion Accommodation Theory (CAT) was introduced by social psychologist
Howard Giles and colleagues in the early 1970s, and has continued to evolve to tididay.
the approachediscussed aboy€AT takes spedtconvergence to be a nantomatic behaviour
used by a talker to decrease the social distance between him/herself and an interlocutor (see e.g.,
Giles 1973; Giles et al1973; Giles & Coupland, 1991Giles et al., 1991; Giles &gay, 2007).
Importantly,convergence is not the only option under the accommodation viewpoint: a talker
could instead choose to diverge from an interlocutor in order to increase the social distance
between thenfe.g., Bourhis & Giles1977) or to keep his/her speech behavio same.

Convergence can be either full or partial: i.e., a talker can choose to &raatith an

3 While this is possible in some areas of spéefidr example, in speech rate, where a talker with an average rate of
twowordsperseond can conceivably speed up to exactliy match

it is more difficult, and perhaps even impossible, in

formants.
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interl ocutordés speech characteristics, or to
without an exact match (Giles et al., 1991). As welthlmmnvergence and divergence can be
classified as O6upwardd or 6édownwardd, dependi
interlocutors: for example,lawer-statustalker can upwardly converge to an interlocutor with
higher social status by adopting moregtige forms, whil@ higherstatus talkeusingeven
more highprestige forms with an interlocutor of lower social status would exemplify upward
divergencgGiles et al., 1991, Giles & Ogay, 2007)

From the discussion above, it can be seen that thel $oection of convergence is the
main focus of CATWhen the choice is made to converge, it is usually taken to be driven by a
desire to gain t h(@ilesenat 091 Gles & Ogay, 20S7Expegrimentalv a |
results support this proposéllor exampl e, tal kers who converge
characteristics are rated more positively by those interviewersReitgnan & Street Jr., 1984)
and by listeners who hearetinterviews (Street Jr., 198Zonvergencenayalsoimprove
commurication effectivenesgGiles et al., 1991Giles & Ogay, 2007): the increasing similarity
bet ween i nter | occarlead®thtongeasedimellighality (e.g.r Tnadis,
1960; Giles & Coupland, 1991) and to increased cognitive orgasnzddy allowing
interl ocutors Ato organize events into meanin

social situation to be reduced to manageable propodt{dinakerar et al., 198p. 239.

1.2.2 Factors affecting convergence
Speecltonvergencappears to befairly robust and widespread phenomenon, but is
nonetheless susceptible to modulation by a rangjegfistic, individual personality, social, and

taskrelatedfactors.Linguistic factorsaffecting whether talkers become more similar tocalel
10



talker or an interlocutanclude whether the words being used in an auditory naming task are
high- or low-frequency (Goldinger, 1998)ndh ow di f ferent the interloc
English are (e.g., partners who speak the same dialect vs.rpavtre speak different dialects or
have different nate languages; Kim et al. 2011ndividual personality factors affecting
convergence include the emotional reactivity of a talker (Black, 2012), the tendency of a talker to
engage in socially desirabbehaviours (Natale, 1975a, b), and the level of phonetic talent a
talker displays that is, how capable a talker is of making the sounds of languages other than
their native language (Lewandowski, 2012). Social factors impacting speech similarity include
attitudes induced towards the model talker (Abr€gdiier et al., 2011; Babel, 2010, 2012) and
social status (Gregory et al., 1993; see also Gregory & Webster, T88&)elated factors
infl uencing tal ker s owvhethermapdrtraam a dyaglic ioteraetion thsk me i nc
giving or receiving instructions (Rdo, 2006; Pardo et al. 2010, 2013and whether a
participant in an auditory naming task is only listening to the model talker or is doing another
task at the same time (Abel et al.12). Some factors affecting convergence seem to fall into
morethan one of these categoriesr Examplewhile the gender of a talker is an individual
factor, as is the gender of a model talker or interlocutor, the interaction between the genders is at
least partially a social construdthe gender of both the talker and the model talker/interlocutor
they are listening to or interacting with has been found to affect whether talkers will become
more vocally similar to the model/interlocutor (see Bilous &iss, 1988; Namy et al., 2002;
Black, 2012).

Task difficulty, by its very natures strongly related to the nature of the task a talker is
engaging inand also related to individual personality characteristics; however, it has not yet

been fully exploredn relation to speech convergengask difficulty is linked to cognitive
11



wor kl oad, which iIis Athe information processin
performing a particular tasko (Livelateet al . ,
the cognitive workloadDifficult tasks can also lead to psychological stress, which is different

from (but often confounded with) cognitive workload; this dissertation focuses on cognitive

workload rather than stresBask difficulty has been showa have a number of effects on both

speech production and speech perception, althibingisgenerallybeen assesséd individual

speech behaviour rather tharspeech in dialogud.o a limited extent, Abel et al. (2011) found

an effect of dividing attationi which often increases cognitive loa@n whether and how

much talkers converged to a model talkerds wo
how attention was being diverted (e.g., through picture drawing versus doing math equations)

rather than on how difficult thedditionaltask wage.g., for many participants, a math task

would be harder than a pictudeawing task)lAs wel | , a tal ker és rol e in
T i.e., whether they are giving instructions to a partner @ivat instructions from their partner

i seems to affect whether and to what extent they become more similar to their partner (Pardo,

2006; Pardo et al. 2010, 2013a); this may have some relation to giving instructions being more
difficult than receiving tem (see e.g., Bortfeld et al., 2001; Pardo et al., 2013a), but that relation
between difficulty and convergence has not been fully explditeas, whether task difficulty

has an effect on convergeriaegelyremains an open questicamd one whose answeyutd

potentially enhance our understanding of convergdndée next section, the effects of task

difficulty on speech production and perceptwaexamined, before turning to the potential

interaction of task difficulty and speech convergence.
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1.3 Task difficulty and speech behaviour

The increased cognitive workload resulting from engaging in more difficult tasks has
been found to affect both speech production and speech perception on a variety qfusvats.
there arenultiple hypothesized asses ospeech convergence, there are numepoojgosed

reasons for these effectaingingfrom the physiological to the psychological to the social.

1.3.1 Speech production under cognitive workload

Several studies have examined how increased cognitive workload aféeicius acoustic
measures in speech productioftenfor the purposes of detecting and alleviating adverse levels
of workload in highpressure work environments (e.g., aviation, emergency response
management; see Brenner et 8994; Griffin & Williams, 1987;Khawaja, 2010Huttunen et
al., 2011). Subjects in these studies tgr@cally engaged in some type of duabkk situation,
where they are asked to do two things at the same time, one of which involves speech. For
example, subjects may bsked tesay words or phrases while performing a task which increases
in difficulty, such as a manuéBrenner et al., 1994)r visual(Lively et al., 1993}racking task,
a problemsolving taskTolkmitt & Scherer, 1986)or an aircraft simulator task (Griffin &
Williams, 1987; Huttunen et al., 2011 hdy could also be asked to silently monitor numbers
presented over headphones while reading text passages aloud (KhawajeD2@&tGypes of
difficult speechtasks which are not necessarily used in dtzalk scearios,include tongue
twisters and reciting the alphabet backwards (Mendoza & Carballo, 1998).

Increased workload has been fairly consistently associategpetth rate changésn
particular, withdecreased duration of words (Grif@nWilliams, 1987) syllables (often equated

with speaking rate: Brenner et,dl994; Scherer et aR002) ancutterances (Lively et gl1993).
13



The spectral characteristics of speech also seemrembenablygusceptible tavorkload
induced changes. Increased amplitadetensity of speech is quite consistently reported in
higherworkload conditions (Griffir& Williams, 1987; Lively et al.1993;Brenner et al., 1994;
Huttunen et a).2011). me studlies have found eonsistentlyhigher mean fundamental
frequencyfor speakers in higher cognitiveorkload conditions (Griffin &Williams, 1987,
Mendoza& Carballg 1998; Scherer et aR002 Huttunen et al., 20)1butothers have not
(Hecker et al., 1968; Tolkmitt & Scherer, 1986y¢ly et al, 1993. Other spectral
chaacteristics have also been found to be inconsistently affectedtijoad: for example,
Mendoza andCarballo (1998) found decreases in vocal jift@riability in cycle duration
between cyclesand shimme(variability in speech amplitude between cyyldsit Brenner et al.
(1994) did notLively et al. (1993) note that among their small subject sample, not all subjects
displayed the same changes, while Tolkmitt and Scherer (1986) found differences among their
subjects based on their gender andr thigie of coping with anxiety. flese results suggest that
individuals may adapt idiosyncratically to higher worklgaddeed, Hecker et al. (1968) noted
that while taskinduced vocal changes varied between talkers, they were quite consistent within
talkers. Neverthelesssomeeffects are more common than otherg., speech rate increases
Khawaja (2010) and Khawaja et al. (2008, 2012) lexaeninel the effects of cognitive
workload on speech productiondnllaborative taskgn addition to speech productiby
individuals The collaborative environments were laboratory simulations of a bushfire
management task, whdevels of cognitive workload were set through a tabletop task,
actual bushfire managemedrdiningscenarioswhere levels of cognitive wkload changed
randomlyfrom low (little urgency, processes running smoothly) to escalating to high (urgency

and high resource coordination demarttdsdugh the course of the scengiawaja et al.,
14



2012, p. 522). In the red#ife scenario, at what timeéke bushfire management professionals
experienced each level of workload wagdicatedposthoc intranscriptsof theirconversations

Focusing primarily on lexical and grammatical characteristics of speech, it was fouimd that

both situations,alkersin high-workload circumstancassed longer sentences compared to those

in low-workload circumstancegewer positive emotion words and more negative emotion

wordssmor e words describing mental states (e.g.,
& e g mare words expressing disagreement and fewer expressing agresamlembyeplural
pronounghan singular onesn addition, individual speakers were examined for differences in
silent and filled (e.g., 0 dask&ondtiordandwehedoundp au s i

to pause more in higher workload conditions than in lower workload ones.

1.3.2 Speech perception under cognitive workload
Turning now to peech perceptiom situationsof cognitive workload, research in this
area has looked at tledfects of workloadon speech notas asymptomioh di vi dual s6 r ea
to task difficulty, but as a factor that <can
speechas a result of increased demands on attention and working memory regblaites et
al., 2012) Using various dualask conditions (e.g., adding a visual search, @ms&actiortime
task or an arithmetic tagkadditional workload has broadly been found to affgath cues
listenerscan and daisein processing thepeech seam In the studies conducted by Sven
Mattys and colleagues, cognitive load appeagetwerallyimpair the perception of acoustic
cues, meaning listeners rehoreon lexical informatiorand probabilities when segmenting the
speech signal (Mattys et &009), discriminating phonemes (Mattys et al., 2014), and

classifying ambiguous stop consonants (Mattys & Wiget, 2011), even when that information is
15



contrary to the acoustic information in the signal. In the Mattys et al. (2005) hierarchical

approach t@epeech segmentation, lexiess#mantic information is more heavily weighted than

acoustic informationthus, in their studies, it is the strongest cue that is relied on in conditions of
cognitive loadHowever, vhen lexical information is not availablprkload counterintuitively

appears to caudisteners to relynore on weaker acoustic cues than on strong ones: for example,
Gordon et al. (1993) found that listeners in a daak condition relieanore on fO onset

frequency thawoice onset timevhen idenfying stop consonants, and morewwel length

than on formant patterns when identifying vow8&rkloadalsoba ppear s t o change |
perceptions of vowel lengthvhich impairs their word identification abiliti®ghen full lexical

information is no available(Casini et al., 2009As well, gudies on artificial languages have

found that increased cognitive workload reduc
to segment the speech stre@ro et &, 2005; Fernandes et al., 20Q18lthough they can

sometimes compensate by usoawgrticulatory cues instead (Fernandes et al., 2010)

1.3.3 Proposed causes of workloatbased effects on speech behaviour

The reasons posited for workleatiucedchangesn speech behavioware variedIn
terms d nonlexical speech production changesge school of thought is that the vocal changes
are related to physiological changes.g., increased heart rate, increased respiration, increased
tension in the vocal musclégesulting from psychological stredse to increased cognitive
workload (Tolkmitt & Scherer, 1986; Brenner et 4094 Mendoza & Carballo, 1998; Huttunen
et al., 201} Lively et al. (1993), on the other hand, suggest that talkers engage in what
Lindblom (1990) de snomichladustments arenhagepcetiie sgeecke ¢ h 0

system which maximize speech intelligibility and discriminabiiityprder to better function in
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high cognitive workload conditions4oving to higheflevel speech concernshawaja (2010)
and Khawaja et al. (2@) propose that the increased pause rates in the individuaiadkal
conditonal | ow tal kers to firegul ate the pace of th
manage their cogniti v eKhdawaja(@0d0) &n& Khawa@ al.62012)2 0 1 0,
suggest that the lexical and grammat@ngeobserved in the collaborative taskesuled
from talkers actively trying to manage and share the-bagnitiveload tasks they are engaged
in among all team membei®r example, the increased udgtural pronoungsis upport t he
notion that people actually collaborate and coordinate tasks more with each other during highly
complexreawor | d t asks o ( KhbasyEhjgsaspeech praduction unded 1 2 ,
workload could change due to a varietyators.

In speech perceptiothe changes in cuesein duattask settingsaveprimarily been
attributedto changes in thavailability ofattentionaland working memoryesources due to the
increased workloa@Gordon et al., 1993 asini et al., 2009yattys & Wiget, 2011 Mattys et
al., 2009.2012,2014) The suggestion by Mattys and colleagues (Mattys et al., 2009, 2014,
Mattys & Wiget, 2011) is that in higload conditionslisteners are not able to use acoustic cues
to segment speech or identify soi$, so must rely on higherder informatiori in particular,
lexicaksemantic informatioii to interpret the incoming signal. What causes the inability to use
the acoustic cues in a duaksk scenario has not been precisely identifigattys et al. (204)
suggest that it could be caused by the | ength
speech signal by the other tatthus, if a listener can return their attention to the speech signal
fairly quickly, they may be able to use acoustic cidternately, they suggest that if attention is
a regulator of the signab-noise ratio, as proposed by Gordon et al. (1993), then diversion of

attention could redude depth or complexity afcoustic processingy giving more weight to
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weak cues. Finaly , f ol | owi ng Casi ni ed{oadxonditorsaffdctR 009 ) f i
|l i stenerso6 perception of vowel I ength, Mattys
could affect thgperceptual sampling rate of the spk signal by disrupting thetake of the

signal and that this effect on the perceived mi ng of sounds will affect

of those sounds

1.4 Does task difficulty affect speech convergence?
As discussed above hether speech convergerisaffected by cognitive arkload due
to taskdifficulty is an open questio.here are several possible ways these factors could interact
to affect speech behaviour, each of which would have differe e x pl anati ons depen
theoretical approach to convergence and tadicdlify, and each of which may have different
implications for the theoretical approachiesaddition, exploring howonvergeneis affected
by task difficulty could have a methodological impact on how futurelasked convergence

studies are designed.

1.4.1 Potential interactions of speech convergence and task difficultand possible
theoretical explanations

As seen in sections 1.2 and 1f#re are severahodels wheh attempt to explain why
thechangesaused by speech convergence and cognitive workloaa. Given that
convergence and worklodwhve been fountb affect some of the same areas of spéefcin
exampl e, talkersd s peechexanmihgtheaterdctiompfect r al ch
convergenceand workloaeinduced effects could furtheelp to enhance our understandofg

the causes of these effecés well, by indicating whichmodels ofconvergence and workload
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are compatible with each othsych arexplorationmayhelp usrefineour models of speech as a
whole. In additionsuch astudy may shed light on which models of convergence are more or less
useful for predicting how talkersd behaviour
in the laboratory for example, when talkers musg¢al with higher workload than is four the

typical auditory naming task scenario. It is also likely that these two factors will not interact in

i sol ati on: f ocognitve @aogsding styles amd/dc mersandl traiesg., openness

to new experiences, conscientiousness (Johh,€t991, 2008; Bendflartinez & John, 1998)

will quite likely affect how they deal with workload and whether they become more similar to an
interlocutor With these possibilities in mindpur scenarios are presented below: task difficulty
leading to educed convergence, task difficulty leading to increased convergasic@lifficulty

having mixed effects on convergenaead task difficulty not having an effect on convergence.

1.4.1.1 Task difficulty leads to reduced speech convergence
It is perhaps easienitially to imagine the situation in which more difficult tasks lead to
talkers becoming less similar to each other over time, whether globally or on specific measures
of similarity. In terms of the more automatic approaches to convergetheeperception
behaviour link and the speech productmerception coupling this could be evidence of
additional cognitive workload reallocating attentional resources, as seen in the effects of
workload on speech perceptif@asini et al., 2009; Mattys & Wiget, 201¥attys et al., 2009,
2014) This could lead, for example, ¢tobaldampingof the perceptiofbehaviour link, in the
approach favoured by Bargh and colleaguesi f fApassi ve effects of per
currently oper ati ngghdg@a LHlothisappropck,suclkeardampings & Ba

can occur because the percepti@haviour link is an older cognitive system than the systems
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being recruited by the current operating gptide newer systems can override the older system

when the need mes Alternatvely, if workload leads to only certain elements of the speech

stream being processed as i n Mattys a ntkenanly thdseetegpants sfthe pr op o

stream which are perceived will be available to be imitated; this could lean &xample,

talkers not becoming more acoustically or phonetically similar over time, but still showing

convergence in other are&milarly, in theearlyPickering and Garrod modeldifficulty -

induced resource reallocation could léa@non-alignmentof the representational channdise

to current cognitive need$, for exampletalkersreduce the amount attentionthey are paying

tot hei r i Bs$peechlinoocder todocud on a difficult task, alignment will not occur, as it

requires talkerso be paying attention tine speech strea(®ickering & Garrod, 2004a, b;

Garrod & Pickering, 2004)n the newer approach (Pickering & Garrod, 2013), increased

workload could lead to a failure generate the appropriate forward models to allow for

pred cti on of an i nt eAléermively itnrapbe thes gase that hlignanentar o n s .

imitation is still occurring at some level, bhetthe effects ofattentioral resource allocation

havechanged the leal at which it is occurring. Fa@xample if acoustic information ikess

available when processing the speech stream due to waorkluditexical knowledgehen

becomes the primary processing mechar(igiaitys & Wiget, 2011; Mttys et al., 2009, 2014),

we might expect to findeduced acoustiphoneticalignment in high workload conditions.
Interms ofG i | @omm@unication Accommodation Theory (CAT), additional workload

could lead to stress anxiety(see e.g., Gudykunst, 1995; Giles & Ogay, 2007), leadiagatck

of social synchrony betweealkersanda failure to convergeAlternaively, if the stress or

workload is seen (rightly or not) as emanating from the other talker, a talker could tthoose
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maintain individual speech patterns odigerge from the other talker to express their&oci
displeasure.

As well, in all approaches, if talkersodo di
stress of increased workload result in different changes in speech behaviour, as suggested by the
diverse findings on fundamental frequency clendiscussed in sectiorB1L, evidence of
convergence may be suppressed; for exampl e, i

lower fO but her own f0 is increasing due to task difficulty, she may appear to be diverging.

1.4.1.2 Task difficulty leads to greater speech convergence

More difficult tasks leanhg to talkers becoming more similar to each otlvenether
globally or in specific domains of speechperhaps aore counteintuitive outcome than
difficulty leading to less convergenceeterthelessit is an outcome&vhich could be explained
within the existing models of convergeraed workload

From the convergence viewpointich an explanation might be easiest in a
CommunicationAccommodation approactwhereincreased workload in a collaborative
situation couldi and perhaps shouldlead totalkers becoming more similagitherthrough a
desire tocommunicatenore effectivelyThakerar et al., 1982; Giles & Coupland, 19Giles &
Ogay, 2007pmnd/or, as suggested by the findings of Khawaja afidagues (Khawaja, 2010;
Khawaja et al., 2012), to share the increased task load among the inter|oghichscould be
better accomplished if the social distance between theiecreasedn this case, talkers would
use increasing similarity as a segy for overcoming the difficulty of the tagkcoma Pickering
and Garrod viewpoinincreased workload could be a motivation to increase alignment or the

accuracy of forward modelingvhich would then increase the effectiveness of the joint adtion
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aperceptioAbehaviour link approach, increased workload could perhaps suppress the factors
which might inhibit mimicry

From a workload viewpoinif talkers do tend to display the same kinds of speech
behavioural changes due to increased task difficultyether for physiological or psyctsmcial
reason$ e.g., increasing speech rg@riffin & Williams, 1987; Lively et al., 1993; Brenner et
al., 1994; Scherer et al., 2002)fondamental frequendyGriffin & Williams, 1987; Mendoza &
Carballo, 1998; Scher et al., 2002Huttunenet al., 2011) thenwhat appears to be
&convergenc@may fall out naturally as a result of these changke.same type of effect may be
found if talkers engage in hyperspeech (Lindblom, 1990) inwgitkload conditions, as per
Li vel y etsuggéstion: § thdy tise Srilar techniques to maximize intelligibility, their
similarity shouldnaturallyincrease over timdn a case like this, it may be difficult to tell which
changes are a result of convergence and which oaesrasult of increased workload. However,
if talkers display different behavioural changes due to workload, as suggested by Hecker et al.
(1968) and Lively et al. (1993), and the talkers become more similar over time despite their
different reactions taorkload, therthe changes over time would likely be due to convergence

rather than workload.

1.4.1.3 Task difficulty shows mixed effects on speech convergence

As suggested in section 1.4.1.1, it may be the case that increased cognitive workload will
cause talkes to converge more on certain elements of speech and less on others. Thus, for
example, i f workload affects speech perceptio

information, leading them to rely on lexies¢mantic information to interpréie speech stream
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(Mattys et al., 2009, 2014; Mattys & Wiget, 2011), then we would expect to see increased

similarity over timein the lexical area but reducsamilarity in acoustiephonetic areas.

1.4.1.4 Task difficulty shows no effect on speech convergence

A final possibility is that task difficultyvill notbefound to have any reliable or
consistent effect on whether talkers become more similar to each other over the course of their
interaction.This could be the result if speech convergence is a suficiebust behaviour that
it is not disrupted by increased cognitive workload: for example, if the percdmi@viour link
or the productiofperception couplings not affected by attentional resource allocatmmf the
desire to reduce social distans sufficiently strongthat convergence will occur even under
adverse conditon§.hi s coul d al so be the case i f other
convergenc®ehaviour than does task difficultés discussed in section 1.2.2, there aretiplel
individual personality, social, tagklated, and linguistic factothat have been found to affect
convergence, and there are likely others that have not yet been identified. Any of these factors
could very well have a more significant effect on thiee talkers become more similar over time

than cognitive workload does.

1.4.2 Methodological implications of task difficulty for studying speech convergence
By many lay standards, most of the convergestodies discussed in section «@uld
be categorizedsa i nvol ving 6si mpled tasks, even when b
laboratory setting: e.g., saying words, listening to someons&stnem, and saying them again
In the case of Abel et al. (2011), while the additional tasks in which subjectsedngagdd be

somewhat challenging (e.g., solving math equations), the essential conveshyeting task
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was a basic auditory naming task. However, in the case of the dyadic interaction studies, the
tasks which participants are engaging in while convgifisthescribing and replicating a route on
a map, identifying differences between two pictiresr e not necessarily O0eas:c
Methodologically, the growing trend towards using more natural speech materials to
analyze speech convergence specifically sgmeech behaviours more generally (Kim et al.,
2011; Lewandowski, 2012; Pardo, 2006; Pardo et al., 2010, 2013a; Van Engen et al., 2010; inter
alia) is one which will ideally lead to more ecological validity in this research than
decontextualized work alenHowever, it is also an approach which can introduce more sources
of variationi and thus potential confoundghan decontextualized work. The gredter
understanding of what these sources are, the theyecan be takeimto account when designing
studies and interpreting findings.
For example,iedyadic interactiortasks used in previouw®nversationahcoustie
phonetic convergence studiethe map task used by Pardo (2006) and Pardo et al. (2010,
20133, and the diapix task used by Kim et aD12) and Lewandowski (2012)have not
reported takingnto account the potential difficulty of the tasks for the talkers completing them.
In the map task, developed by Anderson et al. (1%¥2Lh partner has a specific role: the
60 Gi ver 6 h a sonherversianibfehe papes map and must communicate that route to
her partner; the O6Receiver6 does not have the
successfully fill it in. However, it is not clear that both roles are equally difficultathqoular,
the Giver may have the more difficult task: Wright and Hull (1990) suggest verbal instruction
giving is a skill that not allalkershave, nor daalkersnecessarily have an understanding of what
would help their listeners follow their instruatis. There is alsoo guarantee that the Giver will

get feedback to help them improve the quality of their instructions; the accuracy of the
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transmitted route is assessed by the experimenters after the task has been completed, and the
Receiver is more likg to engage in a process of negotiation with the Giver to establish what
should be done (see e.g., BrenBag@lark, 1996 for examples from lexical entrainment

research) than to suggest ways the Giver can improve her instructions. It is also nottclear tha
map reading/interpreting and direction giving/receiving are of equal difficulty foothpal

maptask participantd_obben (2004) observes that neither psychologists nor cartographers have
determined why some people can read maps better than étbevsll, Montello et al. (1999)
demonstrate that although the folk wisdom that men are better at spatiél taslksling map

readingi is false, there are gender differences in terms of ability in various spatial and
navigational taskswvhich could affet how difficult male and female participants find the task.

Van Engen et al.od6s (2010) diapix task was
than in the map task, in terms of both the types of utterances produced by the talkers (the map
task tends todimperativeheavy) and how much each talker contributes to the conversation (the
conversation in the map task tends to be dominated by the Giver). Thus, the diapix task is set up
in a more symmetrical way than the map task: each talker has a paper okespoture
representing a particular scene (e.g., a street scene, a beach scene), with 10 differences between
the pictures (omissions, colour/sign changes, etc.) which were designed to be identifiable by all
participants. The talkers cannotseeeacbottb s pi ctures, and must wor k
10 differencesln compiling the Wildcat Corpus of nativand foreigraccented English from
which Kim et al. (2011) worked, thexperimenters gave thpairs 20 minutes to find all 10
differences; aftee0 minutes, the experimenters ended the session because participants were
usually getting frustrated and the conversation was breaking down. It thus does not appear to

have been the case that all participants and all dyads found the task equally eaggr,hoaov
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indication is given of which dyads, out of the 38 in the study, did not complete the task before
reaching the frustration point. A further complication in this corpus is the fact that various
combinations ot.1 and L2 speakers of English made be tlyadslt may be the case that ron
native speakersf English would findhe task more difficult than native speakers. In work on
lexical entrainment between native and imaive speakers of English, using a dyadic card
matching task followed by an inadual picturelabelling task, Bortfeld and Brennan (1997)
observed that the nemative speakers found the matching task very difficult, which may have
affected their performance on the labellinkta&’hy this may be is not cledrowever, not
knowing hav inherently difficult a task is makes it hard to determine how that difficulty may
affect a subjectds performance, or Thastadgur es
reportedn this dissertatiomsed a task which is, at its most basic legaby enough forygoung

child to dqg but which can be relatively simply scaled up to become quite difficult.

1.5 The current study: Testing the effectof task difficulty on speechconvergence

The study presented in thdsssertatiortested the effect oask difficulty on speech
convergence. To accomplish thesyewdyadic interaction task was developed which uses
LEGO® construction toyseach talker in a dyad receives an identical set of LEGO pieces and
half of a set of instructions to build a particutanstructionThe talkers alternate giving
instructions until the task is completede., until they believe they have both built the same

construction. This task is similar some wayso the map task used by Pardo (2006) and Pardo
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etal. (2010, 20134, and tothe dapix task used by Kim et al. (2011) and Lewandowski (2012),

in that the talkers in the dyadannotsee what their partnés doing, and in that each talker
shouldcontribute to the discussion in order to successfully complete the-Haskver, in this

task, each talkas responsible for giving half of ehinstructions, meaning that the distribution of
workloadis more equal than in the map task, and potentially more equal than in the diapix task,
where one talker could conceivably contitid less than the other.

Three levels of task difficulty were created, based on the number of pieces in eaxth step
the construction taskhe Easy condition had two pieces per gle&psteps tota))the Medium
condition had three pieces per s(&f seps total) and the Hard condition had four pieces per
step(10 steps total)The resulting corpusf 15 dyadic interactioni five at each level of
difficulty 7 was analyzed in fouways any of which could be expected to show evidence of
convergene given the previous literaturés indicated in sections 1.2 and 1.3, there are many
possible dimensions along which talkersodd spee
could be assessed; the four chosen for this dissertation represent only a small ntimolser o
dimensions, but they provide both global assessmemwtsanigesin al k e r overtisg@ e e ¢ h
and more specific examinations of behaviour whey show changes due to either

convergence or task difficulty.

* The maptask bears similarities @nother type of LEG@ased taskised by Clark & Krych (2004) and Kryeh
Applebaum et a12007),in whicha director instructed a matches to how to build a number of DUPIRD
constructions. In thsestudies manipulations included whether the director and matcher could see eads other
faces, and whether the director could see what the matcher was buildisgamse to their instraohs this is
differentbothfrom the current study anfdom the map and dj#x tasks, in wicth the partners are never abbesee
each other or each otliemaps/diagrams/constructions.
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The first twoanalysesvere onesvhich ae established ways agsessing convergence, as
discussed in section 1.2, but for which there was no clear prediction of behaviour from the
cognitive workload literature:

(1) Perceivedsimilarity overtimeAs di scussed in section 1. 2,
whether talkerecomemore similar in their speech productiovertimei s t he 6gol
standardo6é of c onlhus,itgas key te thisdudydcsirglode this .
analytical technique to get an overall assessment of whether task difficultg affect
convergenceA set of listeners who had not participated in corpus collection were
asked to rate the similarity of the voices of the talkers in eachidyagerceptual
judgment taskNine utterances were used from each dyad, taken from the early,
middle and late stages of their conversation.

(2) Acoustic similarityover time The utterances used in the perceptual judgment task
were also submitted to two acoustic similarity analyses, one using amplitude envelope
measures (following Lewandowski, 2012) and onagimelfrequency cepstral
coefficient (MFCC) measures (following Kim, 201Zhesetwo analytic techniques
providedan overall indication of whether talkdsecamemore spectrally similar over
time without using a large number of individual acoustic messsu

The goals of these global analyses were twofold:

a) Would the dyads show evidence of convergence over the course of their intéraction
i.e., an increase over time in perceivers
similarity values as measured amplitude envelopes or MFCCs?

b) If increased similarity was found over time, would it be affected by the difficulty of

the condition a dyad was in?
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The third and fourth analyses looked at phenomena which have previously been
examined in terms of both congence and cognitive worklogdnd which have been found to
be affected by both of these factors
(3) Speech ratsimilarity overtimeTal ker s6 speech rates were ¢
whether dyad partners became more similar over the course of their ioteracti
terms of how quickly they spokBoth words per second and syllables per second
rates were analyzed.
(4) Pausing behaviour overtiméa | ker s 6 p d pause nate anu paudesas a s
percentage of speaking timavere examined to determine whetldgad partners
became more similar over the course of their interaction in how frequently and for
how | ong they paused. Both silent pauses
and 6umbé) were analyzed.
In these analyses, three questions were at issue:
a) Would the dyads in the more difficult conditions show a higher speaking rate and/or a
higher pause rate or pause percenthga those in the Easy condition?
b) Would the dyad®ecome more similan speech ra and/or on pause rate/percentage
as shown by decrease in thabsolutedifference in their speech rates and/or pause
ratespercentagesver the course of the conversation? In the case of speech rate,
following the measures in Pardo et al. (2010, 2013a), would the dyads show a
correlation in their speh rates over time?
c) If the dyadsbecame more similar ispeech ratand/or pause rate/percentageuld

that be affected by the difficulty of their task?
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Il n al | of these areas, increased similarity o

thatthe talkers were engaging in some type of convergence or alignment behaviour.

1.6 Outline of the dissertation

The remainder of this dissertatiproceed as follows.

Chapter 2 explainthe methodology used in the collection of tdoastruction task
corpus includingthe construction task itsethe personality and cognitive measures collected
before the construction task, the participants involvedtlaagreparation of the audio files for
analysisAs well, information about the conversations in the csriguprovided, including time
to completion and error rates for each condition and each dyad, and differences in speaking time
between steps in which talkers were giving instructions and those in which they were receiving
instructions. Finally, samples froone conversation are presented in transcript form, to give an
idea of the nature of the conversations in the corpus.

Chapter 3 presentbe perceptual judgment tasked to measutei st ener s6 asses
vocal similaritybetween the talkers in eachadlin the construction taskand the results of the
task

Chapter 4letails the twalobalacoustic similarity analysased to measure whether the
talkers in each dyad were becoming more spectrally similar overdimiethe results of those
analyses

Chapter Horesents the analysis of speech rate convergence, which labketh words
per second and syllables per secddifferences in speech rate between the conditions are

examined as are the changes in the apescotates e di f f
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over ti me. As wel |, foll owing Pardo et al . ds
submitted to a timseries crossorrelation analysis.

Chapter Gletails the analysis of pause rate and pause frequency convergence, which
examin@l both silent pauses and filled paudeiferences in silent pauses per second, silent
pause percentage, filled pauses per second, and filled pause percentaga betveonditions
are examined, as are the changease absolute difference between dyad mber s6 pausi ng
values over time.

Chapter 7 includes a general discussion of the results of the study, including its

limitations, and presentiirections for further research.

31



Chapter 2: Corpus collection

2.1 Introduction

The material usetbr the examination of the fefct of task difficulty on speech
convergence described in this thasiacorpus of conversations between dyads working on tasks
of different levels of difficulty. The types of conversations desired were ones in which
participants would need to collabtedo achieve a goal, similar to the onagendered byhe
HCRC map task created by Anderson et al. (198hjch has been usedtensively inPardo
and colleague&svork (Pardo, 2006; Pardo et al., 2010, 2013a, 20dBBcoustigphonetic
convergenceandthe diapix(finding differences between two picturéa$k used in creating the
Wildcat corpus (Van Engen et al., 200@hich was used by Kim et al. (201ih)their
examination of convergence betwealkers from different dialect backgrounadsd by
Lewandowski (2012) in her study of the effect of phonetic talent on convergence between talkers
of different native languageb addition, the task which participants would undertake would
need to be onm whichthe quantificatiorandmeasurement dfifficulty would be relatively
straightforwarde.g., through the number of steps to be completed or goals to be achieved in the
task As well, the task should not require a great deal of prior knowledge, skills, or practice on
the part of the participants in @dto be successfully completddnally, a task which the
participants would find engaging anderesting was highly desirabksAnderson et al. (1991,
p. 356) suggest, A[i ] ntensive involvement wit
from their | anguageo.

LEGO® construction toys were used as the basis of the ltasgrms of the desired
criteria to be met in a dyadic interaction task in which difficulty is controlled for, LEGO toys

appear to fit the bill quite well. Owens etal. (2008 p. 1945) note that ALEG
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structured, predictable and systematic toyo,
become moreifficult as a child grows oldessets for younger children have fewer pieces and
relatively simple instructions, e sets for older children have many more pieces and more
complex instructions. The variable number of pieces involved and the typical layout of the
instructions’ in which one can determine relatively easily how many pieces need to be added in
each stefp means that difficulty is quantifiable in at least a basic way. For example, a task
involving 12 LEGO pieces all of different types and colours, with six total steps in which two

bricks are added in each stes likely to be easier than a task invioly 30 LEGO pieces, not

all of which are identifiable by one feature
which five bricks are added in each step. There are approximately 7000 unique LEGO pieces
(Lauwaert 2008), meaning that a great dédllexibility is available in designing tasks for

participants. An additional benefit is that a LE®@sed task is likely to be engaging to the
participants; work on the use of LEGO bricks and systems in educational settings suggests that
even adult learnes find working with LEGO toys to be enjoyable (Freen003; Klassner and
Anderson 2003; Cliburn 2006).While LEGO systems have been widely used in educational
contexts, particularly in mathematics, technology, and computer science (see e.g., thie work
Seymour Papert and Mitchel Resnick in the MIT Media, valtich led to the LEGO

MINDSTORMS robotics system&apert, 1980Resnick et al., 1988996, and to some extent

in therapeutic contexts for autism spectrum disorders (Le@&@d#4; LeGoff& Shernan, 2006;

Owens et al., 2008), their use as an experimental vehicle has not been extensive. Examples of the
use of LEGO in experiments afawcettandPerkins (1981), who used a frply house

building task to look at language development in sclgel ciiidren,and ClarkandKrych

(2004) and KryckApplebaum et al. (2007), who used LEGO (technically, DUPLO®) blocks in a
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directorbuilder matching task somewhat similar to the map task used by Pardo (2006), and
Pardo et al. (2010, 2013a).

The corpusvas intenled not only to address the quessiaskedn this dissertatiofi i.e.,
whether task diiculty has an effect operceived convergence, global acoustic similarity
measures, and speech and pause rate convefigbatalso to be useful in future research
investigating speech convergence in various Waysthis reason, data was collected which has
not been used in this dissertatione., the personality and cognitive measures which the
participants completed prior to completing the construction taskhanddeo data of the
participants in the construction tagie results of the personality and cognitive measures are
given in Appendix B.

The remainder of the chapter will proceed as follows: Section 2.2 describrasttius
used in collecting the cotraction task corpus, including tipeocess of designing the
construction task2.2.1),the participant$2.2.2),the personality and cognitive measures which
were collected and the procedure for collecting ti{212.3),the construction task procedure
(2.2.4), and thepreparation of the audio files, which are the basis of the analyses in Chafters 3
(2.2.5). Section 2.Brovidesresults, includingtatistics on time required to complete the task
and on error rates (2.3.ahd speaking time (2.3.2), as ha$ samples of the conversational

interaction of one dyad in transcript form (2.3.8gction 2.4s a summary.

2.2 Methods
2.2.1 Construction task design

In designing the construction task, a number of criteria were deemed to be important.
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Q) Each participanshouldhave the opportunity to both give and receive instructions.
In Pardo (2006) and Pardo et al. (2020133 |, a talkerds role as
affected whether and how much thegnverged to their partner; the curretidy
was thus designed face eah talker in each role.

(2) Each participant should have an equal number of turns.

3) Each step should have an equal number of pieces.

(4)  The number of pieces should be such that the number of steps and pieces per step
could be varied while still using the same desand allowing each participant to
have the same number of turns. For example, gued® design would allow for
six steps with three pieces each, with each participant being the instigieton
for three steps; however, if only two pieces were usedah step of that
construction, there would be nine steps, meaning that each participant would not
have an equal number of opportunities to give instructions.

(5)  There shald be enough steps and/or piegeslved to allow for the collection of
a reasonablamount of conversation; based on the tasks used in Kim et al. (2011),
Pard (2006), and Pardo et al. (2010, 2013840 minutes of conversation
seemed to be desirable.

(6)  The design and piece selection should crepportunities for the repetition of
lexical itemsi e.g., colours, shapes, degtors, etci which could be compared
against each othan later analyses.

(7) Factors should be incorporated which would promote various kinds of
conversation; e.g., questi@mdanswer sequenceggscriptive sequences

disambiguation sequences, repair sequences, etc.
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Prior to beginning data collection from the construction teskors which could affect
the difficulty of the task were explored by having pairs of volunteers collaborate to build several
preliminary degns The volunteers were demographically similar to the participants in the final
task (female native speakers of English between the ages of 18 ab&&§hs were tested
which had different numbers of steps, different numbers of pieces per stegtrarlexes or no
extra piecesThe structure of the task was similar to that in the final construction task (see
section 2.2.4): Each participant had half of the steps necessary to complete the construction; the
participants alternateoketween giving anceceiving instructionghe participants could look
back at previous instructions, but could not look forward through the instruciiochshere was
a barrier between the participants which prevented them from seeing eachibtemnces
between thipilot task and the final task were that the experimenter was in the room while the
participants were completing the task; multiple structures were built in one session; and the
participant who gave the final ifonesrorsanadthen on c h
instructed her on how to fix those errofe final designgor and structure of the construction
taskwere informed bybservations of these sessions and feedback collected from the session
participants.

All LEGO designs in the consiction task were created using the LEGO Digital

Designer 4.3 program (available frditip://Idd.lego.com/etus/, retrieved November 4, 2012).

Basic information about each design is giveiiable2.1. The full designs are provided in

Appendix A the first two steps of each design are shown in Figure 2.1.
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The same pieces were used in Designsdl2abesign 3 incorporated the same pieces as
Designs 1 and 2, as well as four additional pieces; this allowed the instructions to incorporate
four pieces per step while still having an equal numbersbfuctiongiving turns per partner.

Each participanteceived a bag including the 36 pieces required to complete all three designs,
the four pieces required to complete Design 3, and 10 pieces which were not required to
complete any of the desig, for a total of 50 LEGO pieces in each .begus, br Desigrs 1 and

2, 14 of the pieces in the bag were O6extrabd
A full inventory ofthe pieces included in each bagoth required pieces and extra pietés

given in AppendixA.4.

Extr ad Thhiedrépgeces were selected to create the possibility for situations in
which participants would need to distinguish a required grece an extra piece; it was hoped
that this would encourage more discussion between the partgipaa might also create the
possibility for participants to make and fix errors. It was observed in piloting and reported by the
piloting participants that the inclusion of extra pieces did not necessarily makektheotas
difficult. Including extra peces, howevedid meanthat participants could not simplyc o a st 6
through the last step of the task; they had to continue giving their partner enough detail to be able
to pick out the correct pieceand so had to approach the last step in the same \tlagyas
approached the other stefSee Clark &N\Vilkes-Gibbs[1984 for an example of saask where
the last step was essentiadlyno-brainefd) Eachextrapiece matched at least one required piece
in terms of colour and/or shape.

Layout: It was observeth the pilot sessions that building vertically.e., stacking

pieces on top of each othiewas easier for the participants than building horizoniaéyg.,
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placing pieces next to each other and then connecting them, or attaching pikeesdes b
other pieces (compare.g, Stes 11 andL2 of Design 1 in AppendiR.1). For this reasorthe
designs included both vertical and horizontal building.

Colour choices As mentioned above, one of the desired design critexgahaving
repeated lexical items tmmpargrom various timesn the interactionColour terms would be
quite amenable to repetition, as they would not only be used when first referring to a piece, but
also when talking about where to place a piecelatiom to other pieces, distinguishing a piece
from other pieces of thsame shape, etc.ldrger number of pies®f two coloursi blue and
yellowi were usedo allowfor the collection of multiple tokens of these lexical items at various
points in the onversationif the colours were distributed everile.g., three or four pieces each
of 10 or 11 different colours it might not be possible to get multiple tokens from both
participants in the conversation at multiple points in tiBlee was chosen ase ofthese
colours (comprising 8 of 36 pieces in Designs 1 and 2, 9 of 40 pieces in Design 3, and two of the
extra pieceshecause of thehange in progress in certain varieties of North American English
including those spoken in Canadad in the Pafic Northwestin particulari involving fronting
of theGOOSE(Wells, 1982)vowel (see e.gL.abov et al., 20068Boberg 2008) Blue is also one
of the colours with multiple shading options available in the LEGO piece inventory, which
allows for even morepossibilities ofdistinguishing pieces (e.g., light blue vs. medium blue vs.
dark blue).Yellow was chosen as the othgtmarycolour (comprising pieces in all designs,
plus 1 extra piegebecause of thpotential interesting changes that could be pleskintwo-

syllabe words vs. onayllable wordssuch ayowel reduction in the second syllabl@f the

® Should this research be expied in the future, we hope to be able to incorporate tyetampublished work of
Ron Rensink and his collaborators at UBC, which investigates the interpretability of {hiate@ sequential
assembly instructions involving LEGO toys (Ron Rensink, perlscommunication).
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pieces used, orange and purple occuordgt once and brown was requirexhly in the Hard
condition

ONeird dpieces Including pieces that werend s t a rLEGOmIdc&sT e.g.,not2x2
bricks or 2x4 bricksi meant that the instructiegiver would haveo find ways to describe them
so that thenstructionreceivercould identifythem.These pieces were often described by the
parti ci pandisrRiaces thatenera ltardér to descrmre included in the later
stages of the designis wasfelt to benecessary to create a physical base for participants to work
on before adding more complex pieces. This also meant that they had several gigijch tm
work together and potentially establish some kinds of reference before getting to those pieces
More potentiallydwveirddpieceswereincorporaed in Design 3 than iDesignsl and 2 although
thosedveird & pi eces were exnhd2a pieces for Designs 1

Changing perspective in instruction pictures:Because particular number of pieces
were being addeih each stefp two, three, or four it was necessary to ensure that participants
could see all of the pieces that were being dddeach step ithe design. Thus, ken
necessarythe designwas rotatequsing LEGO Digital Designer) to an angle at which all of the
pieces being addembuld be at leagiartly seen, whil&eeping occlusion to a minimum.
(Compareege.g., $eps 9 and 10 of Design 1 in ppndixA.1.)

Thefinal instructions vere printed in colour, singlgided, orwhite 8.5" x 11" paper in
landscape orientation. Each step was on its own sheet. The number of the step was printed in
black ink in the top lefhandcorner. Each sheet was enclosed in a plastic sheet protector; the
protectors for one set of instructions were held together with a nmegameaningparticipants
had to flip the page to get to their next steéach set of instructions had a cover pdlge cover

page forthe odth u mb e r e d kdtrecipor Set Ipleade dd not flip this page ungibu
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and your partner arereadytobegin) and t he c o v-rmumbemrastepsreaddr t he
filnstructionSet 2(please do not flip this page until yoeairtner has completed giving the first

instructionsp .

2.2.2 Participants
Participants were recruited via visits to UBC Linguistics classes, as well as through the
UBC Psychology Graduate Student Council 6s Pai

(http://gsc.psych.ubc.ca/studies/paid_studies)amd through members of the UBC Speech in

Context lab Participants had to be female; gender has been found to have an effect on
convergencand accommodation behaur (Bilous & Krauss, 1988Black, 2012; Namy et al.,

2002 Pardo et al., 2030so this corpus was restricted to a single gerfdeminimize dialectal
variation to some degree, participants had tedbereported native speakers of Canadian

English betveen the ages of 18 and.2%e age requirement also helped to ensure participants
would have similar familiarity with LEGO toys (see e.g., Chambers & Carbonaro, 2003). As
well, participants could not have asglf-reportedspeech, language, hearing, olotw vision
disordersThe colour vision requirement was included to ensure that participants would not have
difficulty identifying the colours of the LEGO pieces.

Thirty-two participantdgnitially took part in the first sessipwhich testegbersonalityand
cognitive measure§wo participants were unable to come in again to do the second session, and
were compensated for their participation in the firssigesThirty participants 15 dyads five
in each of the three conditioingnitially took part inthe secondession. The audio for oé
thesedyads was lost due to a computer malfunctibmp additional participants were then

recruited who did both the first and second sessibims aszerage age of the 3garticipantsvho
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were included in the finalralysiswas 20years135 daygSD lyear 288 days Participants

were compensated $10/hour for their participation.

2.2.3 Personality and cognitive measures collection

In the first of the two experiment sessipparticipantsompletedwo personality
measureand two cognitive measurds. this session, participants were assigned a code number
by which they were identified throughout the rest of the study; these code numbers will
sometimes be referred totims dissertation

The firstpersonality measure waset Autism Spectrum Quotient (AQ) (Bar@ohen et
al., 2001). This is a 5@tem self-reporting questionnaire which measures five aspects of
cognitive processing and communicative abilitiluding attention switching and attention to
detail. Yu (2010) foud that women with a lower AQ compensate for the effects of phonetic
coarticulation less than men (who generally have a higher AQ than women) and women with a
higher AQ, which could ultimately be a cause of sound chafnget al. (2013) found that
particippnt s6 attention switching subscore on the
convergewith or diverge from a model talkéFhe AQ questionnaireas administerednd
scored through frime 2.0(Schneider et al., 2007)

The second personality measwras the Big Five Inventory (BFI) (John et, 41991,
2008 BenetMartinez& John 1999. This is a 44tem selfreporting questionnaire in which
participants rate themselves on a scale @igagree strongly) to 5 (Agrestrongly) on items
indicating encencies towards five traits: Extraversion (8 items), Agreeableness (9 items),
Conscientiousness (9 item$)euroticism (8 items), andg@nness$o experienc€10 items).Yu

et al. (2013¥ound thatp a r t i @pepnassdoresowvere predictors of whethentheould
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convergewith or diverge from a model talkeThe measure was administered througiArine
200nly the partici pant 0 <rimegecsnpecsiorsoétberavessee 1 ec o r (
scoring itemsi for example a participantvho answers a 1 (Digeee Strongly) tahe statement
d see myself as someonewhee nds t o f i n dvodldactually reeeivet 5ifor ot her s 6
agreeablenegsand calculation of the final scores was done by hand
The first cognitive measure was thatomated Reading Span (RABN) measuréTurner
& Engle 1989; Engle2002; Unsworth et g12005) This task measures working memory
capacity, which has been found to correlate with a variety of cognitive processing factors (see
e.g., Engle2002), as well as to mediate percepdrrontextinduced speech variation (Yu et
al., 2011). The measure wadministered through-Brime 2.0, using a script from the Attention
and Working Memory Lab at the Georgia Institute of Technology

(http://psychology.gatech.edu/renglelab/Eprime2.htettieved February 1, 20L3coringwas

done automatically byrime

The second cognitive measure wddental RotatiormeasurgShepad & Metzler,
1971; Moreay2013, whichactsasme asur e of participantsd spat.
with their performance in the construction taBkis test wasdministered online through the
Javabased application developed by Krantz (2013)ning through the Mozilla Firefox
browserThepar amet ers used were essentially those o
three levels of rotation throudgh 90, and 180 degreesith 10 test items per leveior a total of
30 test itemsScoring was done automatically by tgplicationPartic i pant s pressed t
(marked with a piece of green tagpe) objects which they believed werethre same orientation
and t h émaried with la piece of red tage) objects which they believed were in mirror

orientation. After inspection oftie pretest results, it was found that one participant (126) only
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pressed the 062zZ6 ktestysesdianrSommegf héreeaction times (e.@, lessphane
100 ms) suggested that she was not actually looking at the pairs of items before fredsyg

She was asked to come in again anda¢hat test; the explanation given was that the computer
had not logged her responses properly. She was availableltathe test immediately befher
construction task sessipihwas explained to hehat the computer had difficulty logging
responses if they were entered too quickly, and it was more important to be accurate than fast.
The responses from her second attempt at the test were included in the analysis.

The total timeequired for administrain of these measures was betweefb@ninutes.
Participants were told that their performance on these measures would not affect whether or not
they could participate in the second part of the experiment.

All participants completed the measurelividualy. In the cases where two participants
were doing the measurasthe same time, they were at separate computer workstations in
separate soundttenuated cubicles in the testing rodihe order of the measuress
counterbalanced across participants. péesonality questionnaires were interspemsgd the
cognitive measureparticipants never completed two personality questionnigir@sow or two
cognitive measures a row.All the measures wenein on a Lenovintel Core2Duacomputer

running WindowsxXP, with a Lenovo ThinkVision 2ich colour monitor.

2.2.4 Construction task

The dyads in the construction task consisted of two participants who had completed the
cognitive and personality measure$o were available to participate in a émzur session at
the same timegnd who either had not known each other prior to arriving foraghstrouction

task, or who had dortbe cognitive and personality measurethe sameession and had not
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known each other prior to that session. The time between the firseanndsessions varied by
participant the averag time between sessions was 9 days (SRi&y8).Dyads were assigned to
difficulty conditions sequentially; the first dyad to do the task was placed in the Easy condition,
the second in the Medium conat, the third in the Hard condition, and so on.
Prior to beginning the task, participants filled out a consent form for use of their audio
and video dataParticipants weréhenseated on opposite sides of a large table, 47 inches by 47.5
inches in wheelel office-style chairs with armresté. barrier made of white foam board, 24
inches high by 30 inches wide, was placed in the centre of the t83enches from either side
T to prevent the participants from seeing each otherand e a c h o tiohséseeBigurec on st r

2.2).

Figure2.2 Room setup for construction task
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Each participant wore an AKG C520 headunted condenser microphone. The
microphone wasontherigati de of t he participantds face, afy
corner of the mouth. Both microphonagsrerun through a Sound Devices USBPreé2.1 kHz,
16-bit stereo audio recordings were made ugindacity 2.0.1 (downloaded from

http://audacity.sourceforge.nduly 27, 2012

Two Panasonic H&/700M high definition video cameragere placed on tripodand
positioned to the sides of the tabléae mounting plate of the tripods was 36 inches above the
floor, putting the centre ohe camera lens approximately 37 inchbsve the floorParticipants
were filmed from their left sides, so that the h@aglinted microphones would not block the
view of their mouth in the shots. The cameras captured an ehligw of all of the participadts
bodyvisible above the tablieusually from the top of the head to the lower chest/upper
abdominal region, as well as arms and hanalsdher construction. Shots were set up
individually for each participant and were mbianged during the taskhe video recordings
used iFrame format, recording at 30 frames per second progressive, with a frame size of 960
pixels by 540 pixels.

After testing the audio and video recording equipmeantijg@pants were randomly given
eitherthe first or second set bliildinginstructions a bag of LEGO pieces, and an instruction
sheet for the experiment. The instruction sheet read as follows:

You and your partner will be building the same LEGO construction. Each of you has the

same LEGO mces, and each of you has half of the set of instructions necessary to build

the construction. When it is your tuiras determined by the number of the step next to

the picture please explain to your partner what pieces she will need and how to put

themtogether so that your constructions will match the ones shown in the pictures. If you

get stuck, you may look back at previous steps; however, pleasat look aheadt the
upcoming steps.

46


http://audacity.sourceforge.net/

Remember that your part nerortheacandtiuctiongos t he i
are building, so be as clear as you can in giving your instructions. You are encouraged to
ask questions if youdre not <clear what vyou
much as you like while you are doing the task. €higmo time limit on how long you

have to complete the task.

When you have finished building, please leave your finished constructions on the table.

The instructions were also explained orally by the experimenter, and the participants were able to
askany questions they might havihe participants were instructed to begin once the
experimenter had left the room, and were requested to let the experimenter know when they had
completed the taskarticipants were not told how many LEGO pieces they had gizen, how
many were needed for the task, how many steps there were in the task, or how many pieces they
had to use in each step.

Following completion of the task, thaicipants completed a questionnaire asking them
about the task they worked on tlkay, how well they thought they worked with itheartner,
how often they give anfibllow instructionsin daily life, and abougctivities that might have
affectad their performance (ségppendix D. Participants were seatatlthe same table (in a
room adjacent to the experiment room) while completing the questionsadteyere told that
only the researchers would see their responses.

While the participants were completing the questionnaire, the numbeos (& any)
they had made in their constructions weminted and recorded by experimenieilowing
Krych-Applebaum et al. (2007)rm@rswerecounted as the minimum number of pieces that
would have to be changed for the construction to match the final instructildiihg on
ealtier errors created errgrthe later errors were not countad, they wouldhot have occurred if

the original error had ndoeen made.
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2.2.5 Preparation of participant recordings

The aidio filesweretranscribedy the authousing English orthgraphy intoPraat
(Boersma& Weenink,2012)textgrid files The stere@udiofiles including bothtalkerswere
usedso that context could assist in accurate transcription, and dhéfatieraction betweethe
talkersandanyresulting lexical convergerdi.e., possible areas of interest) could be identified
Transcriptiorwasdone in two passethefirst oneconsisted primarily oputting in boundaries
around turngind transcribing shorter passages (e.g., single words, very short plwaded)je
second onanvolvedtranscribing longer passagewsdaadjusting turn boundari@ghennecessary.
Boundariesvere placedround whatvere identified asurnsin the context of the particular dyad
(Liddicoat, 2007; Sacks, Schegloff, 8efferson1974); thus, whiaconstituted a tun depended
on the particular dyad’he main criterion for identifying a tumvas identifying a segmenf the
conversatiorthat accomplished what Sacks et(@B749c a | | -jao H.@.,stretches of
speech which did some particutask, such as giving an instruction, acknowledging
understanding, clarifyingpr asking for clarificationTurns were also identified usimgtonation
(whichalso depended on the dyadme participantssedhigh risingterminal intonatiori
6 u p ti anbréti@an others), interruptiorandbreaths \hich alsodepended on the pdirsome
participantused breaths as a tusholder to indicate that they were not finished spegking

Determiningthe transitions between steps was simildrased on the cues wukby each
dyadrather than on contextidependent criteria. The main indicators were verbal Ceas,
finishingcuessuchasl 6 m doneo ,or@nit ham@oveaelrl adues such a

Anexti andtkepoonds of instruction pagespibing. In some dyads, not all steps were
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handed over with explicit transitg; in these cases, estimates of step transivens made,
sometimes with the aid of audilpp@ge flipping noises.
The transcriptiorwasdone following the guidelines developkxa use with the Forced
Alignment and Vowel Extraction (FAVE) program suite developed by Rosenfelder et al. (2011).
In addition to word transcription, breaths {BR}, noises {NS}, laughter {LG}, lip smacks {LS},
and coughs {CG} were indicated. Transcriptiesnss c h as figonnaogand Afidunnoo,
A 1 e mweeedised wherthere did not seem to be separability into individual canonical words
| i ke Agoing too, Adondt knowo, fAdo youod, or 0
After the initial transcription was completed, the leftand rightkso f each dyados
stereofleieach representi ng o hwerepapardted asinglaudatitpad a u d i
saved as mono .wav files to facilitate uploading toRA¥E websitieEach dyad member 0
transcri pti on Praatextgridffile wamextrabted inth g segdadate file, and
transformednto atab-delimited text file visELAN (Wittenburg et al., 2006)T'he .wav and .txt
files were then uploaded to the FAVE site, which automatically aligned the words and phonemes
for each participat. An early inspection of the FAVE alignment outpurdicatedthat the word
alignment was much more accurate than the phoneme alignioretfiis reason, the phoneme
alignment outputs werignored The word alignment outputs were checked and, when

appropiate, corrected manually based on the audio signal and on waveform and spectrographic

information available in Praat.

® E.g., if an inspection of the audio signal, waveform, and spectrogram indicated that there was no closure for [t] and

no changes in the characteristics of the nasad sound i
were coupled with an absence of formant change in the
6gonnab.
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2.3 Results

In this section, the conversations which make up the corpus are examined in three ways.
To confirm that there werdifferencedn difficulty between the conditions, the mean time
required for task completion in each conditaord by each dya@nd the number of errors made
in each condition and by each dyad, are given in section 2.3.1. In se&i®ntke mean
speaking time inach step will be explored; in particular, an asymmetry in speaking time
between steps in which talkers are giving instructions and those in which they are receiving
instructions will be discussed, as it will have an impact on the analyses developexkst tie
this thesis. In section 2.3.3, transcript extracts are given from one dyad to illustrate a typical

interaction between the talkers.

2.3.1 Corpus statistics time and error rates

The time required for each pair to complete the task was calculated &dyedmning of
speech after the experimenter had left the room to the time that one of the participaots took
her heaemounted microphon® go and get the experimenter after the task was compléied.
time usually included an opening period, whenghgicipants were orienting themselves to the
task, and a closing period, when the participants were confirming that they had completed the
task, in addition to the steps required to complete the task fbelfopening and closing times
typically comprsed between-2% of the total completion timenfnimum 0.54%, maximum
3.1%). Table2.2 gives the completion time statistics for each conditidre Easy condition had
both the shortest mean time to task completion and the shoitestum time required to

complete the task. These means and minimums increased in the Medium condition. The Hard
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condition had the longest mean time to task completion, the longest maximum time to

completion, and the longest minimum time to completion.

Table2.2 Completion time stistics for eah condition (&andard deviatiogin parentheses)
Easy Medium Hard

Average time to | 33.0 minutes 35.13 minutes | 38.58 mintes
complete task (14.27 minutes) | (6.46 minutes) | (14.41 minutes)
Maximum time to | 56.99 minutes 42.0 minutes 57.26 minutes
complete task
Minimum time to | 21.90 minutes 24.64 minutes | 25.27 minutes
complete task

As discussed in sectich2.4 errors were counted as tmenimum number of pieces that
would have to be changed for the construction to match the final instruction (following-Krych
Applebaum et al., 2007). If building on earlier errors created errors, the later errors were not
counted, as they would not have oed if the original error had not been matigble2.3 gives
the error rates for each conditiarhe smallest number of erroend the lowest number of
participants and of dyads with at least one ewere all found in the By condition. The
number of errors and number of participants with errors both increased in the Medium condition;
the number of dyads with at least one error was the same as in the Easy condition. The Hard
condition had the highest number of errors, ahdfahe participants and dyads in that condition

made at least one error.
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Table2.3 Error rates for each condition

Easy Medium Hard
Total number of pieces placeq 7/360 13/360 28/400
in error in the condition
Percentage of pieces placed i| 1.94% 3.61% 7%
error in the condition
Number of participants with a{ 4/10 8/10 10/10
least one error
Number of dyads with at least 4/5 4/5 5/5
one error
Number of dyads in which 0/5 4/5 5/5
both participants had at least
one erro

FromTable2.2 andTable2.3, it can be seen that there were differences in completion
time and error i@ between the three conditions. Because of the small number of dyads in each
condtion, the significance of these differences was not calculated. The average time to
completion was longer in theard condition than in the other two conditions, although the
standard deviation was also guiarge. The error rate in theatdl condition wagalmost twice
that in theMedium condition, and merthan three times that in thady condition. As well, it is
notable thaall of the participants in theddd condition made at least one efravhile only our
of the participants in thedsy conditiordid.

Table2.4 providescompletion timeand erroinformation for each dyad.

"In fact, all talkers in the Hard condition had one error in common: substitution of the brown 2x4 brick for the
orange 2x4 bricksee step 3 of the Hard design in AppendliR). It is possible that that error may have been a
result of the quality of the printed instruction. Had more extensive pilot testing been conducted using the final
designs, rathehian only the initial testing described in sect®bB.1above, steps may have been taken to avoid this
error (e.g., reprinting the step in question).
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Table2.4 Completion timeand erroiinformation for each dyad
Giver 1 indicates the first talker ihe dyad to give instructions, and Giver 2 indicates the second
talker in the dyad to give instructions.

Dyad | Giver 1 | Giver 2 | Condition | Time to complete | Total Giver 1 | Giver 2
(minutes:second3 | Errors | Errors Errors
El 102 101 | easy 56:59 2 0 2
E2 109 108 | easy 24:50 2 0 2
E3 111 112 | easy 26:16 1 1 0
E4 125 124 | easy 21:54 0 0 0
ES5 131 130 | easy 3500 2 2 0
M1 105 103 | medium 36:20 0 0 0
M2 113 114 | medium 37:50 4 3 1
M3 115 126 | medium 34:50 5 3 2
M4 121 119 | medium 24:38 2 1 1
M5 127 132 | medium 42:00 2 1 1
H1 104 110| hard 28:50 4 2 2
H2 106 107 hard 25.16 4 3 1
H3 117 116 | hard 30:47 7 4 3
H4 128 118 | hard 50:46 6 4 2
H5 134 129| hard 57:16 7 4 3

It is not clear why dyad E1 required almost 22 minutes more to complete the task than the
next longesto-completion dyad in the Easy condition. Unlike dyad H5, which had the longest
compl etion time of any dyad, there was no sin
minutes) and no major construction breakages. They did not spend a great dealfising
errors, as dyad H4 did, and they did not make a large number of errors. Anecdotally, it was
observed that both partners laughed quite a lot during the course of the task, and that they spent a
fair amount of time trying to come up with descriptierms for individual pieces and for the
construction as a whole; this was similar to the behaviour observed in dyad M5, who had the
longest completion time in the Medium condition (albeit still 15 minutes shorter than that of

dyad E1).
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2.3.2 Corpus statistics gross speaking time

Gross speaking time was calculated for each step for each talker by removing-all inter
turn pauseOverall, the average speaking time per step wassg@onds (SB 76.2 seconds).
However, a significant asymmetry was observed betvike steps in which talkers were giving
instructions (the Giving steps) and the steps in which they were receiving instructions (the
Receiving steps): that is, the Receiving steps were by and large shorter than the Giving steps.
Eighty-four of the 200 Reeiving steps (42%) were shorter than the €sdiGiving step, which
was 22.%econds longlwenty-five of the 200 Receiving steps (12.5%) were shorter than 10
secondsThe trends in mean speaking time in the Giving and Receiving steps in each condition

are illustrated in Figure 2.3.

150+

Type

I Giving

Receiving

SpeakingTime (s)

o
[e=]

ealsy medium halrd
Condition

Figure2.3 Mean speaking time in seconds in Giving and Receiving steps in each condition.
Error bars indicate 1 standard error of the mean.
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Log-transformedneanspeaking timebased on thmean speaking timi@r each talker,
was used as the dependent variable iapeatesgneasures ANOVA, witlCondition (Easy,
Medium, Hard) and Type (Giving, Receiving) as factamg-transformed ratings were used as
the distributon of speaking times was skewed right; log transformation produced a more normal
distribution.There was a main effect of Condition [F(2, 27.445 p = 0.00142] anda main
effect of Type [F(1, 27) 226.736 p < 0.001F The mean byalker speakingitnes were higher
in the Giving steps than in the Receiving steps, and those in the more difficult conditions were
higher than in the Easy condition.
Given the results of the ANOVA, the mean speaking times for Giving and Receiving

steps are measured sepealain the tables below.

Table2.5 Speaking timen Giving steps by Condition (standard deviation in parentheses)

Easy Medium Hard
Average time per step| 82 seconds (56.3 130.7 seconds (6B. 166.4 seconds (99.
seconds) secorls) seconds)
Maximum step 3401 seconds 396.2 seconds 6152 seconds
speaking time
Minimum step 22.9 seconds 39.9 seconds 45.2 seconds
speaking time

Table2.6 Speaking time in Receivingteps by Condition (standard deviation in parentheses)

Easy Medium Hard
Average time per step| 31.1 seconds (31 42.2 seconds (30.8 632 seconds (76.9
seconds) seconds) seconds)
Maximum step 1508 seconds 164.5 seconds 493.4seconds
speaking time
Minimu m step 3.1 seconds 6.5 seconds 9.4seconds
speaking time

8 The same effects were found when untransformed mean speaking time vakieseaderather than leg
transformed values.
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A oneway ANOVA using only the mean balker speaking time from the Giving steps,
with Condition (Easy, Medium, Hard) as the factor, showed an effect of Condition [F(2, 27) =
9.678, p<0.001Bonferronic or r ect ed ( U -tests Dhdicatdd@hathe meanbye d t
talker Giving speaking time was higher in the Medium condition than in the Easy condition [t(9)
=-3.259, p = 0.00986] , and higher in the Hard condition than in the Easy corjt{fjon-
3.6116, p = 0.0056]. The difference between the mean Givitiglkgr speaking times in the
Medium and Hard conditions was not significant [t(3)L=692, p = 0.1759].

As the mean byalker speaking times for the Receiving tests were not rigrma
distributed, a series of Wilcoxon rank sum tests were used to explore the differences in
Receiving speaking times between conditions. The differences between the Easy and Medium
Receiving speaking times (W = 27, p = 0.089) and between the Medium esh&®étzeiving
speaking times (W = 38, p = 0.393) were not significant at a Bonfecroni r e-levelefd U
0.0167; however, there was a trend towards a difference between the Easy and Hard Receiving
speaking times (W 21, p= 0.0288), with the mean Recetyispeaking time being higher in the
Hard condition than in the Easy condition.

The Giving/Receivingpeaking timasymmetry had effects on the perceptual judgment
taskand the acoustic similarity analysiescribed in ChapteB and 4 in which only phrass
from Giving steps were used due to the greater availability of material, and on the analysis of
speech ratand paumg behaviourdifferences in Chapters 5 angi® which speech rai@nd
pause rat@ercentagelifferences in Giving steps and in Recaiyisteps were considered

separately.
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2.3.3 Samples of conversations
To illustrate the types of interactions that occurred during the tasgarticular, the
different types and lengths of responses by Receiving paittessamples from dyad E4 are
presened below.The first sample is step eight of their interaction, in which talker 124 is the
Giver and 125 is the Receiver. This step has the least amount of Receiving speech afien inter
pauses were removed of any step in the corpdséonds);allot 2506s wutterances a
wordsused as backchannels (see e.g., Schegloff, 1981; Clark & Walikdxs, 1986; Bilous &
Krauss, 1988; Clark & Schaefer, 1989) to indicate to 124 that she is understanding the

instructions’

° Using the FAVE transcription conventions (Rosenfelder et al., 2011), parentheses around a word or phrase indicate

an uncertain transcription, while (()) indicates an untranscribable utterance.{imdidde s a par-Hi al wor d.
indicates a restart. {BR} indicates a breath, {LG} indicates laughter, {NS} indicates noise, and {LS} indicates a lip

smack. Using the Sacks et al. transcription (1974) conventions, brackets indicate overlapping speech. ltoaddition
these conventions, 6_whispero indicates a whispered wol
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124:okay_whisper

124:alright. {BR} um {BR} now you'll take s -- the {BR} -- hm. {BR} that orange or brown?
{BR} {LG} Kkay {LG} J(()) I've -- gonna guess that's an orange piece so you take your two by

125: (LG}

124 cfaunoéahge piece, | think there's only one orapgece {BR} you put it directly on
125: yeah

124 ctapofthe {BR} two byfour green piece

125: okay

124:so right on top

125:mhm

124:{BR} and then you take your purp|déwo |by four piece and you put it right on the {BR}
125: mhm

124 ctworbpfour {BR} yellow piece

125: okay

124:and t hat é6s al |l

The second sample is step 15 of the same interaction; now 125 is the Giver, and 124 is
the Receiver. I n this step,clude2dadkshanoedsnt ri buti o
questonsand, particularly in the second half of t

instructions to clarify her understanding of what she is being asked to do.
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125:um you grab your yellow two by uh one by four
124 mhm

125:and you put it on top of the light green piece. so4tsthat it's like on the very cer- it's
like centred, and it's parallel to the light green

124: okay

125:and then you take your triangular grey piece and then you put it on top {&R) red
piece on your right side: s s -- s- -- and then you put it {NS} um {NS} {BR}- how d'you
explain? {BR} so you put it at the veryin the middle. OT | don't know. okay s

{LG}

125 cont:{BR} the {BR} long edge of the triagle {BR} is {NS} um at {NS} {BR} -- huh. it's
on-- it sits on top of the {LS} red and white. {BR} um {BR} {NS}- yeah[{LG} it's like J
S

124:

124: BR} oh well okay
125 cont:o- -- in the centre

124:{BR} so so it's w -- it's like sorta- sort of if you like say that the really skinny skinny
skinny edge, like it points to the right

125:yeah so it's like- it's like a ship pointing
124:0kay so {BR} a -- and it's k -- centred on the red and whife? {BR}
125: &eahjl
124: okay

125:s0 it's A -- y- -- like you don't put- centred as in like the long edge, so there's one ame
empty grey on top and then

124:and one empty grey on the bottom {BR} but there's no empty on the left {BR}

125: yeah. but- but the sideyeah but the side is like the
same

125 cont:{LS} {LG}

124: EBR} oh SJ-- but like on the left {BR}

125: ﬁke -- okay you dth go over you don't go

over the green part

124:okay. {BR} it just ¢ -- all completely on the ght
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125:yedah
124: |okay

2.4 Summary
The audio elements of the corpus described in this chapter form the basis of the
exploration of the effect of task difficulty on speech convergence which is the central question of
this dissertation. Personalitydoognitive measures and vidiemtage of the participants were
also collected; this material will be used in future studies. Thegos par ti ci pant sdé s
examined in four wayswvhich will be detailedn the following chapters: Chapterd@scribestte
perceptual judgmenttasks ed t o determiheyifatisgenefsbhei m
voices over time change in the diéat difficulty conditions; Gapter 4 explorewhethertwo
global acoustic measuréghe amplitude envelope technigused by Lewandowski (2012) and
the melfrequency cepstral coefficient (MFCC) analysis used by Kim (201)l indicate
convergence between the dyad partners; Chapters 5 and 6 examine péwittipants converge
on speech ratendon pause ratandpercatagemeasuresrespectivelyand whether that

convergene is affected by task difficulty
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Chapter 3: Task difficulty and perceived convergence

3.1 Introduction

An important part of determining whether task difficulty affects convergence between
talkers will be invesgating whether listeners rate the vocal similarity of talkers in an easy task
differently from that of talkers in a difficult tasRerceptual judgment tasks are some of the most
common ways of assessing phonetic convergésee.g.Babel & Bulatov, 202; Goldinger,
1998;Kim, 2012;Kim et al., 2011; Namy et al., 2002; Pardo, 2006; Pardo et al., 2018,
20133 2013b; Shockley et al., 2008n advantage of using perceptual judgment tasks over
analysis of acoustic properties was described bdiGger(1998, p. 257)iiMany acoustic
properties can be cataloged and comparatithey may not reflect pengial similarity between
tokensi imitationis in the ear of the beholdéf.imitation scores [based on acousgpiconetic
measur es] mi $s Ge bnera\aldenbasueapay come from perceptual tedts

More recentlyresearchers have begun to use both perceptual judgment tasks and
acoustiephonetic measures to assess convergence; e.g., BabeatoB(®012)Kim (2012),
Pardo et al. (20)2Pardo et al. (2013aand Pardo et al. (2013Ihardo et al(2013b)note that
given the large numbers ofacougtidh onet i ¢ attri butes which coul c
speech, it is likely that not only are talkers simultaneously converging bipleattributes of a
model talkerdéds or conversational partnerds sp
attributes while at the same time diverging on others. Further, talkers might converge on
different attributes for different items or diffetanlkers Pardo et al.2013b, p. 184)in these
instances,fionly one acoustiphonetic attribute is measured, and it is one which talkers do not
converge onthen any convergence which may be ogog would be missed. However,

measuring many attributdecan be time&onsuming and, if some attributes are converged on while
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others are diverged from, potentially confusingrdeptual judgment taskse thus a holistic
waytogathet i st ener s 0 hglobad snslaityacrosemiltidonensional aspestof
acoustiephmet i ¢ attri butes si mul t an eaglmlimgasurgoPar do,
convergence that is grounded by what mighateessible to individuals dag conversational
interactiono (Pardo, 2013, p. 3).

Following thisrecent multpronged approach to measuring convergeaseart of the
examination ofvhether task diffialty has an effect on speecbnvergence, a perceptual
judgment task was run in which listeners who had not taken part in the construction task
describedinChaptr 2 wer e asked to rate the similarity
voices within the dyadg.he remainder of the chapter will pesd as follows: Section 3.2
preserd the methods used, includitige process of phrase select{@®.1), the exp@&mental
procedure (3.2.2), and the participants in the experiment (3S28)on 3.3resend the resuls

of the experiment. Section 3glthe discussion.

3.2 Methods
3.2.1 Materials: phrase selection
Eac h p a rentiremdividaahaudiodile was examinddr phrases which could be
used in a perception experiment. Tnieria for a phrase to be selected were based on those used
by Kim et al. (2011)
(1) Phrases had to be between 500 and 1500 ms in duration.
(2)  Phrases had to consist of one intonational phrakadio occur at the end qbut

still contained withinjan intonational phrase
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3)

(4)

Phrases had to Bkiently produced(i.e., no disfluencies, hesitations, laughter,

breaths, etc.) and free frabackground nois@ncluding speech from the other

partner)

Phrases should beasonably complete arasily recognizable by potential

listeners outside of the larger context of the conversation; e.g., a phrase such as
6what do you mean?d woxudah bas i ghwH aitd edig

would not, even if it mt the other criteria.

Potentidphrases were indicated in a separate tier irPtlat textgridhat had been

created for each talker following the initial transcription phase described in Chap@ioing

completion otthe phrasaelectionphase a readsheet was created indicating phraséeobon

start time, end timejuration at what poinin the conversation the phrase occurred, what step the

phrase occurred in, anehether thaalkerwas giving or receiving instructions during that step

The phases for both partners in a pair were then compared to find potential pairs for use in the

perception experiment. To be considered to be in a pair, phrases had to be

(1)

(2)
3)

(4)

within 100 ms of each other in duratjda give listeners similar amounts of
informationabout each speaker,

in the same third of the conversation (i.e., first third, second thifchadithird),
both questions or both statememtscontrol somewhat for intonational
differences,

both in steps where the participants were giving instrucbot®th in steps
where the participants were receiving instructiortss choice was made withe

results of Pardg2006 andPardo et al(201Q 20133 in mind in these studies
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tal kerds role as giver or recevergedr af fe

to their partnex®

In the final phrase pairingenly phrasegrom steps in which the participants were giving
instructions were used, as those phrases were more numerous for almost all participants.

Nine pairs of phases were created for each dhyiaree were taken from utterances in the
first third of the conversation, three from utterances in the second third, and three from
utterances in the final thir?hrase pair items were counterbalanced, so that each talker was the
first speaker in one der and the second speaker in the other order. In total, across all dyads,
270(9 items x 2 orders x 15 dyadsipls were availabldor use The full list of phrases is given

in Appendix E

3.2.2 Procedure

The perceptual task design used in this study was<atlesign, in which listeners are
presented with twstimuli of interesiand askdto judge whether or to what degree those items
are similar.This is different from the design used it previous convergence studiesich
usal an AXB testing proceduré which listeners are asked to decide which of two stimuli of
interest (in this case, A or B) is most similar to a set stimulus X. This approach works well given
the approach of many previous convergence studies in whitlagg)ine recordings of atalkk 6 s
productions of single ards or phrases are made, i{&) talker ishenexposed to a poteati

trigger for convergence.¢., a model talker who is heard through headphones, or a

19 Note that this decision, along with the choice to use an AX experiment design (described below), mean that it is
not possible to determine via this study if there is asymmetrical convergengce:dne talker in a dyad is

converging to the other, but not vice versa. Nevertheless, the convergence of the dyad as a whole can still be
assessed.
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conversational partngrand (3)the talker is re@ecorded producing th&@ngle words or phrases

which they produced initialljHHowever, n the current study, as in Kim et al. (2011), the three

step approach to measuring convergence was not used; in particular, there werexpofuee

or postexposure recordings made of thtkers. Instead, convergence was intended to be
measured over the course of the conversation. For this reason, it was decided that using an AX
designi in which only two items are compared for similaiityould be more appropriate than
using an AXB degin. To preserve the dynamic nature of the temporal dimension, stimuli were
taken from throughout the conversation, which was divided into thirds; listeners thus heard
stimuli from each dyad from each third.

In piloting the experiment, it was found thatdisers tended to lose focus if thegne
presented with all 270 triglsonsequently, two versions of the experim@&xX and XA) were
created which separated out the counterbalanced ohd@ddition to the 135 trial® a
particular order, listeners weefirst presented with a practice block, using nine items from one of
the pairs involved in the initial construction task piloting;stheach listener heard 144 trighdl
trials were blocked by dyad; presentation of the blocks was randonaizddrialpresentation
was randomized within each blog.200 ms ISI was used between the items within a iz
experiment was administered througiPEme 2.0 (Schneider et g2007).

Listeners were instructed to rate the similarity of the voices in eatbrrasixpoint
Likert scale, with 1 being 6énot Ligenersiweraalsoat al
instructed to consider the voices in a holistic way, rather than focusing on any particular aspect
of the voicesResponss were enterechahe keypad of a Logitech K120 keyboard after the
second item in a stimulus pair had finished playthg response prompt timed out after 3000

ms, at which time the next trial began. Listeners received a break after each block, and pressed
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the spacebar men they were ready to move on to the next blbistenersheard the stimuli
through AKG K240 Studio headphon@$e procedure took approximately 20 minutes to

complete.

3.2.3 Participants
Participants were recruited via visits to UBC Linguistics classesekhssvthrough the
UBC Psychology Graduate Student Council 6s

(http://gsc.psych.ubc.ca/studies/paid_studies)amd through members of the UBC Speech in

Contex lab. Participants had to be 18 years of age or ateérreportednative spakers of
English, and have ngpeech, language, or hearing disord&hsparticipants were compensated
$10/hour for their time.

66 participants took part in the experiment i{34he AX order, 32 in the XA order).
Participants were randomly assigned to one of the two ofleusparticipantqthreein the AX
order,onein the XA order) missed more than 10% of their responses and were excluded from
the final analysis; thus, atll of 62 participants (31 in each order; 10 njgdar in AX, sixin
XA]) were included in the final analysis. The average @f these participants was @2ars233

days (SD 4years310 day3.

3.3 Results

Mean similarity ratings were calculated fachthird of the conversation (first, second,
final) for each condition (Easy, Medium, Hardhe higher the mean rating, the more similar the
voices of the talkerin the dyad were judged to béhesimilarity ratingsdecreased between the

first (3.232, SD = B13)and second3.119, SD = 1.475hirds in the Easy condition, and then
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increased between the second and {iB&07, SD = 1.553hirds. In the Medium condition, the
mean ratings increasatightly butsteadily over timéfirst: 3.022, SD = 1.351; send: 3.073,

SD = 1.366; final3.154, SD = 1.418)n the Hard condition, the mean ratings increased between
the first(3.095, SD = 1.563nd second3.171, SD = 1.481thirds of the conversation, and then

decreased between the second and (halr7, = 1.454)thirds These results are illustrated

in Figure3.1.

4.0

3.57
= ConversationThird
E h
E 3.01 5
(75 3

2.5

20- i

easy medium hard
Condition

Figure3.1 Mean similarity ratings by condition and conversation thidor bargndicate +1
standard eor of the mean.

Logtransformedsimilarity ratings were used as the dependent measureejpeated
measures ANOVAwith Condition (Easy, Medium, Hard) and Conversation Third (1, 2, 3) as
factors.Log-transformed ratings were used as the distributigiroflarity ratings was skewed
right; log transformation produced a more normal distribufldvere wasa main effect of

Condition[F(2, 116) = 5.446, p = 0.00h% main effect of Conversation Thifd(2, 118) =
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4.877, p = 0.00P and a interaction betwenCondition and Conversation ThifE(4, 244) =
17.81 p < 0.001}%

The results were then separated by condition (Easy, Medium, Hard), amncpne
ANOVAs wereconducted using legransformed similarity ratings as the dependent measure and
Conversation Thd (1, 2, 3) as the factor. A difference was found in the Easy condition [F(2,
2578) =12.98, p < 0.001] , and a trend towards a difference was found in the Hard condition at a
Bonferronic o r r e-level®fd.0187 [F(2, 2755) = 4.039, p = 0.0177]. Past pairwise
tests on the logransformed similarity ratings in the Easy condition showed that the significant
differences were between Conversation Thirds 1 and 3 [t(1840%946, p < 0.001] and
between Conversation Thirds 2 and 3 [t(18383.8642 p < 0.001] where the similarity rating
in the final third was higher than those in the first third and the secondhird.

Note that as can be seen in Figur@ Below, there was a fair amount of variability in the
patterns seen in each dyaten bydyadmeans were caltated In the Easy conditiorthree of
the five dyads were rated as being more similar in the final third than in the first thifduand
of the five dyads were rated as being more similar in the final third than in the second third
however, only two of the five were rated as being more similar in the second third than in the
first third. These patternare broadly similar to those found in thelstener analysis illustrated

in Figure 3.1In the Medium conditiorthree of the five dyasiwere rated as more similar in the

" The same effects and interactions were found when untransformed similarity ratings were uséthratbgr

transformed ratings.

12 At the suggestion of the external examiner, Jennifer Pardo, we also examined these data by calculating the

di fferences between subjectsd first third and final thi
these data. There was a main effect of Condition [F(2,122) = 25.27, p < 0.001]. Tukey HSD tests reveal differences
between the Easy and Hard conditions (p < 0.001) and between the Medium and Hard conditions (p < 0.001); there

was a trend towards a differenbetween the Easy and Medium conditions (p = 0.1). These results that there was a

greater change in perceived similarity over time in the Easy and Medium conditions than in the Hard condition. We
maintain the irtext analysis in order to preserve the tenah dynamics of the middle third, which demonstrates the

complexity of thebehaviour.

68






3.4 Discussion

The perceptual judgment tadkscibed in this bapter examineli st ener sd r at i n
holistic similarity over time of conversation
described in Chapter. Risteners heard nine pairs of utterances from each dyad: three from the
first third of the conversatig three from the second third, and three from the final tHird.
convergence was occurring, it was expected th
utterances later ithe conversatiorHowever,if difficulty was having an effect on converyee,
it was expected that the diff e wallxcag ddpendinge en |
on the difficultyofthec ondi t i on t he conversational partner
similarity ratings did show different patterns degimg on the difficulty condition. In the Easy
condition, listeners rated voice pairings from the final third of a conversation as mose simil
than those ioththe firstthird andthe second thirdn the Medium condition, the similarity
ratings in thdinal third of the conversation trendédyher than those in the first thieshd the
secondthrd I n the Hard condition, on the other ha
similarity trended lowein the final third of the conversatighan those ithe first third andhe
second third

When bydyad means were calculatédywas found thathere was a fair amount of
variability in the dyads in each condition, with some dyads showing increased similarity ratings
at the same time that others showed e@sed similarity ratings in a given intervdevertheless,
overall, the bydyad patterns followed the patterns in thdibiener analysisour of the five
dyads in the Easgondition and three of the five dyads in the Medium condimeived higher
similarity ratings in the final third of theconversations than itme first third, while in the Hard

condition,four dyads receivedimilar orlower similarity ratings in the final third than in the first
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third. The consistency and reliability of thesét@ans could perhaps be increased, and the
betweerdyad variability perhapseducedby havinga larger number of dyads in the sample.
However, it could also be the case that different talkensd thus different dyadsresponded
vocally to task difficuly in different ways, as suggested by the findings of Hecker et al. (1968)
and Lively et al. (1993) in examining speech production under ¢onslibf cognitive workload.

The significantly higher mean similarity rating in the final conversation thirdarktsy
condition is unlikely to be a result of such factors as talkers having additional exposure to their
partner, as the minimum and average times to task completion were longer in the Medium and
Hard conditions than in the Easy condition (see Tabl&2ZZhapter 2). If more exposure were a
factor in convergence, it might be expected that dyad E1, who had the longest time to completion
in the Easy condition, would have had the highest similarity ratings in the final conversational
third. However, as cabe seem in Figure 3.2, their firgird similarity rating was in the middle
of the pack of the Easy ratings, and in fact decreased slightly from the second third to the final
third. As well, it is unlikely that greater lexical similarity played a roléhm higher similarity
ratings; i.e., it was not the case that the lexical content of the stimulus pairs in the Easy condition
was more similar than that in the Hard condition. As can be seen in Appendices B.1 and B.3, the
pairs of items in the final thirdf the Easy condition do not appear to be more lexically similar
than those in the final third of the Hard condition.

These findingsuggesthatincreasedask difficulty couldbe havinganinhibitory effect
ont al lcanvegy@ncelhe explanation forhis finding would be somewhat different
depending on wibh of the explanations of convergence described in Chapter 1 one fdwours
terms of the more automatic modeélse., the perceptiebehaviour link posited by Bargh and

colleagues (e.g., Dijkstertai& Bargh, 2001; Chartrand & van Baaren, 2009) or the Pickering
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and Garrod (2004 b 2013) models of coupled speech production and percéeptimlack of
convergence in this caseuld bedue toan inhibition of the noitonscious proces$his could
pethaps be due to a reallocation of attentional resources, which was shown to have an effect in
Abel et al. (2011), where talkers in an auditory naming task displayed different patterns of
convergence to a model talker depending on what they were asked/haeltistening to the
model. It could also be due to some conscious factor overriding unconscious imitation.

The possibility of inhibition of the perceptidrehaviour connection is explicitly
discussed by Dijksterhuis and Bargh, who suggest thatitcoaldc ur i f Apassive ef
perception are dominated by currentl y operat:.i
could be argued that more effective verbal communicatnaiior more rapport between
interlocutors could leatb greater task succe&ee, e.g., the Communication Accommodation
Theory approach), which is a goal that wouldaimed by speech mimicridowever, itmaybe
the case that attending to therceptual input to the degree that imitation requires increases a
t al ker 6s tivewerklaad; in this cagento complete the task at harel, successfully
building the LEGO constructiohit would be advantageous to ignore those aspects of the
perceived input and thus not display speech mimicry.

In Pickering and Garrod (2004 1a), afailure to align the representational chanroelsld
also be an intentional choider example, ifthe high evel t ask goaslose overric
level alignmenttotheir nt er | ocut or 6s previous productions
However,Pickering and Garrod (2004b) sugg#sat such inhibition will be more difficult for a
talker than simply aligningn a case in which the goal of effective joint acticsuccessful
dialogic communicatioi is facilitated by alignment, and in which cogwéiworkload is already

high, this would seem to be counterproductlves perhaps more likely that the reallocation of
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attentional resources is unintentional; however, exactly how this would happen is a subject for
further study. | N(20EB) appeoaah,iamatker who doeshat atigripndt be
generating he appropriate forward models to allow f
actions again perhaps due to difficiiigduced cognitive workload

In terms ofCommunication A&commodtion Theory, converging to an interlocutor is
thought to improve the effectiveness of communicatsae e.g.Thakerar et al., 1982; Giles &
Coupland1991;Giles et al., 1991Giles & Ogay, 2007); thus, in a more difficult task, one might
expect talkerso converge to increase their likelihoodsoiccess in the task. In the current study,
none of the dyads in the construction task were told which condition they were in, or even that
there were different conditions; thus, no participants began tharskatingthat they would
need to increase their communicative effectiverniéfisat need instead emerged as part of the
task, it would be expected that the dyads in the Hard condition would have displayed more
convergencé i.e., would have received thgr similarity ratings later in their conversatians
than those in the easier conditions; however, that was not the case. Another possibility under a
CAT approach is the attitudes the talkers had towards the task or to eachto¢hson
conversational@nvergence study frombregoCollier et al.(2011) found that having a negative
attitude towards a model talker caused participants to diverge from the model. Such a tendency
may come into play if partners become frustrated with each other, which is perbeplikely
to occur in more difficult conditions. It was not obvious from the audio recordings that any of the
participants became frustrated with their partners; examination of the video recordings may
prove useful in exploring this possibility furthexs participants may have expressed frustration

through gestures or facial expression rather than through wiirttgs point, then, it is not clear

73



how the lack of convergence seen here would be explained under a CAT approach; further
research would beecessary to explore this possibility.
The results of this perception experiment suggest that difficulty could be affecting
convergence, but they do not indicate which particular acepistinetic aspects of speech
talkers areconvergingon in the Easy anflediumconditions and not in the Hard conditidro
further explore this phenomenan,Chapter 4global acoustic measwgef similarity based on
amplitude envelopes (LewandowsR012 Hall et al., 201%and on mefrequency cepstral
coefficients (Kim,2012; Hall et al., 2014)ill be used to determine if acoustic similarity ratings
follow the same pattern as the perceived similarity ratim€haptes5and§ t al ker s8 s pe

rates and pausing patternmespectivelywill be examined for evidence obuovergence.

74



Chapter 4: Task difficulty and global acoustic measures of convergence

4.1 Introduction

Whilel i st aeseesdments of talkersdé increasing s
standard for exploring speech convergegeererally researchers with an intetes acoustics
and phonetics continue to look extensivalyexactly which acoustighonetic speech features
talkers may be converging on when they display this type of behakiewuiously, a number of
individual features have been measured for sigm®vergence, including vocal intensity
(Natale, 1978), vowel quality(Babel 2010, 2012)yord duration (Abel et al., 2011)
fundamental frequency (Babel & Bulatov, 2080 sedsregory, 1990; Gregory et al., 1993;
Gregory & Webster, 1996and voice onat time (AbregeCollier et al., 2011; Nielsen, 2011,
Shockley et al., 2004). However, whitecusing on an individual acoustic measure may yield
evidence of convergence, it can also be a rathamtimiss affair:talkers may be becoming
more similar orother measures that would be missed by a narrow line of ind\srgnentioned
in Chapter 3, researchers have recently begun to use both perceptual judgment tasks and
acoustiephonetic measures to assess convergence; e.g., Babel & Bulatov Edlid)et al
(2013),Kim (2012),and Pardo et al. (2012, 2013a, 201 3%hile these multpronged analyses
better represent the overall picture of convergence, the acpastietic aspect of the analysis
tends to focus on single featuresg.,fundamental frguencyin Babel & Bulatov, 2012Pillai
scores ohow merged vowels ara Babel et al., 200)3or clusters of single features.g.,
word/phrase duration and vowel measureBardo et al., 2012, 2013b; voice onset tane
vowel measures ithe monosyllabic wat analysis irkim, 2012)

It is also possible to examinemaregy | obal 6 acoustic measures f

convergenceTlhe longterm average spectra (LTAS) measure used by Gregory and colleagues
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(Gregory 1990; Gregory et al., 1993; Gregory & Webster, 183%@)e suclexample However,
in their analysis, they focused on the lower end of the LTAS, as their primary interest was in
fundamental frequency; thus, any convergence at the higher end of the spectrum was missed. As
well, to be successful, LTAS analgsiequires measurement of lengtretches of speeg¢h
anywhere from 30 to 90 seconds is generally thought ideal (see e.g., Byrne et aKitza8
1986 Klingholtz, 199Q inter alig i which is either impractical or impossibletime types of
word-based immediate shadowing taskiich are frequently used in convergence research
More recent work has used different types of global acoustic measures to assess speech
convergenceKim (2012)used mefrequency cepstral coefficients (MFCCs) and a dynaimie t
warping algorithm].ewandowski (201Rusedamplitude envelope measuremantl timeseries
crosscorrelation and Babel et a(2014) used both of these measutédike LTAS, these
measures anesed at a wordr sentencéevel to assessonvergence gleally, without focusing
solelyon asinglefeature t hey ar e rapnederdgaticchdeatimote daithbuléy entode the
speech signal as it unfolds over timghout making specific assumptions about what types of
cues might be extractaxd which regons of the signal are the most important( Wade et al
2010, pp. 23232)

In this chapter, as part of the examination of whether task difficulty ha$eah @n
speech convergence, acoustic similarity analgédéise constructio t as k paicesare i pant ¢
presentedin particular, acoustic similarity valuesemeasured using both amplitude envelopes
and MFCCs, and the changes in those values ovelatiesxamined for evidence of
convergenceTl he remainder of the chapter will preceas follows: 8ction 4.2presens the

methods used; Section $Besent the results of the experimanSection 4.4 is the discussion.
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4.2 Methods
4.2.1 Materials

The basis for the acoustic similarity analysis was the nine pairs of phrases for each dyad
for the perceptual jugiment task described in ChapteA3.the use of both perceptual and
acoustic measures in assessing speech convergence is intepdedte a gibleal nfieasure of
convergence that is grounded by what mighateessible to individuals dag conversational
interactionodo (Pardo, 2013, angemerggnggmmontpradtiee b ot h
(Babel & Bulatov, 2012; Babel et al., 2013, 2014; Kim, 2(A&rdo et al., 2012, 2018 use the
same material in both types of analys&s described in Chaer 3, the phrase stimuficluded
three pairs of utterances from the first thi
from the second third, and three pairs of utterances from the final third. Allng#sravere taken
from stepsin which talkers were giving instructiongSee section 3.2.1 for a full description of
the selection of these psaiof utterances, anibpendix Efor a full list of the content of these

utterances.)

4.2.2 Procedures

Using the Phonologat Corpudools(PCT)software package (Hall et al., 201#)e 135
pairs of utterances (15 dyads x 9 utterance pairs/dya subjected tboth amplitude
envelope and MFCC analysRrior to either knd of analysis, PCT preprocess$ies audio files
of the utteranceghe waveform of the utterancepseemphasized, both to give a flatter
spectrum and to correct for the higher amplitude drop off in the higher frequencies.

The amplitude envelope calculation procedure in PCT was developed folltheing

metod described in Lewandowski (2012Zje acoustisignalis filtered into a number of
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logarithmically spaced bands usin§drder Butterworttbandpasslters; in this analysis, eight
filter bands were used, with the minimum frequency set at 8@hdzypical low end of the
human vocal rangend the maximum frequency set at 7800 Hz (the default settings in the PCT
acoustic similarity analysi®ased on a typical 16kHz sampling rate for speech s)giials
amplitude envelope itsel§ icalculated by conving the acoustic signal to an envelope function
via a Hibert transform; the envelopetisen downsampled to 120 Hzinally, in the envelope
matching step, the envelepfor a pair of utterances angbmitted to timeseries cross
correlation analyses.his method is used to compare two series of data poandy measured
at regular time intervals by shifting the poiintsr, in this case, the peaks and valleys of the
acoustic envelope relative to each other to find the best match between the tves skrthis
analysis, each of the eight frequency bands in the first member of a pair of utterances was cross
correlated with the corresponding frequency band in the second member of the utterance pair
(i.e., first band with first band, second band witeand band, and so on). The time series were
normalized to sum to 1; completely matching signals would receive aayogation value of
1, and completely opposite signals would receive a @ogglation value of 0. The acoustic
similarity value outptiwas thus a value between 0 and 1; in Lewandowski (2012), similarity
values ranged between 0.63 and 0.89

In the MFCC analysighe acoustic waveform isitially windowedand then Fourier
transformed into the linear frequency domain. Triangular fikeesthen constructezh a mel
scale, which is a scale basedpmmnceived intervals betwegitches rather than absolute
frequency in HertzStevens et al., 193and thus gives greater weight to lower frequency
elements of the spectruim. this analysis, @ filters were applied to the Fourigmnsformed

spectrum(the number determined by PCT to be optimal for the analgsid)the spectrum was
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then represented as the log of the power in each of the filteeanelfrequency cepstruna(
Fourier transfornon the logarithm of the power spectrum of the signal; Childers et al., 1977) is
then calculated using a discrete cosine trans{@®@il), and a number of orthogonal coefficients
T in this analysis, 12 are returnedThe MFCCs are then compared via a dyreatinne warping
(DTW) algorithm, which calculates the lowesist path through a distance matrix independent
of time, and returns a minimum distance between the two signals. In this analysis, PCT was
asked to output the distance value as a similarity ¢altecilitate comparison with the

amplitude envelope results.

4.3 Results
4.3.1 Amplitude envelope measurement results
Mean similarity values of the amplitude envelopes for the utterances in each pair were
calculated for eacthird of the conversation (first, saad, final) within eacltondition (Easy,
Medium, Hard) to determine whether convergence was occurring and, if so, whether it was being
affected by task difficultyThe higher the mean values, the more similar the amplitude envelopes
of the utterances arand the more similar the spectral characteristics of the utterances.will be
Looking at each conversation third in each conditioRigure 4.1 belowno clear
patterns emerge. In the Easy condition, the mean similarity value decreased from thedfirst thi
(0.481, SD = 0.094ip the second thir(D.429, SD = 0.07)and increased from the second third
to the final third(0.465, SD = 0.073)n the Medium condition, the mean similarity value
showed the opposite pattern, increasing from the first (Qird®, SD = 0.094jo the second
third (0.516, SD = 0.074and decreasing from the second third to the final {{@ird78, SD =

0.106) In the Hard condition, the mean similarity value changed very little, with a slight increase
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4.3.2 MFCC results

As with the amplitude envelopes, mean similarity values of the MFCCs for the utterances
in each pair were calculated for each third of the conversation (first, second, final) within each
condition (Easy, Medium, Hard) to det@ne whether convergence was occurring and, if so,
whether it was being affected by task difficulty. The higher the mean values, the more similar the
MFCCs of the utterances are, and the more similar the spectral characteristics of the utterances
will be.

Overall, the MFCGbased similarity values were much lower than those found in the
amplitude envelope analysis. The changes over time in each condition were minimal, as
illustrated in Figure 4.3. In the Easy condition, the mean MFCC similarity value dedrea
between the firs{0.0187, SD = 0.0014nd secon@.0183, SD = 0.0013hirds of the
conversation, and increaseery slightlybetween the second and fir§@l0184, SD = 0.0021)
thirds; this was the sangenerapattern seen in the amplitude envelapalysis albeit to a
lesser degred’he Medium condition also showed the sajareralpattern as in the amplitude
envelope analysis, with the mean value increasing from the first third of the conversation
(0.0196, SD = 0.0015) the second thir(D.0198 SD = 0.002)and decreasing from the second
third to the final third0.0194, SD = 0.0022)n the Hard condition, the mean MFCC similarity
valueincreased very slightly betwedme first(0.0186, SD = 0.0022nd second0.0187, SD =

0.0024)thirds, andslightly more betweethe second and finé0.019, SD = 0.0018irds.
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Figure4.3 Mean MFCC similarity by condition and conversation third.
Error bars indicate +1 standard error of the mean. Higher values indicate greater mean
similarity between th&1FCCs in each utterance pair.

Examining the variability in MFCC similarity values over time by dyad, a wider range of
patterns was found in the Easy condition than was found using the amplitude envelope
measuements: two dyads showed the same pattern as the overall Easy results (decrease between
first and second thirds and increase between second and final thirds), one dyad showed the
opposite pattern, and two dyads decreased in both intervals. In the Medhiditioco three
dyadsdéd MFCC values foll owed the overall patte
thirds and decreasing between the second and final thirds, one dyad showed the opposite pattern,
and one dyad increased very slightly in both intexvia the Hard condition, there was more
varigion in the dyads than in the overall results: two dyads decreased and then increased, two

dyads increased and then decreased, and one dyad increased steadily over time. These results are

illustrated in Figuret.4.
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occurring, it wasexpected that theimilarity valueswould be higher for pairs of utterances later
in the conversation. However, if difficulty was having an effect on convergence, it was expected
that thesimilarity valueswould vary depenidg on the difficulty of the condition the
conversational partners were in. It was found tiegtheramplitude envelope similarity values
nor MFCC values showeagliably or consistentlyifferent patterngn any of the conditions
when examined over time
As mentioned abovehére was a fair amount of variability in the dyads in each
condition, with some dyads showing increased similaaiyesat the same time that others
showed decreased similarity ratings in a given interval. This variability coutdpebe reduced
by having a largenumber of dyads in the sample; however, it could also be reflecthaetofs
other than difficulty playing a role in vocal convergersagh as personality differenc@éu et
al., 2013),the distance between the talkers nat i ve di al ects of Canadi a
2011 Kim, 2012),or how much attention the talkers were paying to each e#ftsus the task at
any given timgAbel et al., 2011see also Mattys et al., 20@H)14,and Mattys & Wiget, 2011
It could dso bethe casehatdifferenttalkershave differentvocalresponses to the difficulty of
the condition, whicltould thermodulateanytendency towardsicreasing spectral similarity
which might otherwise occuFor example, while some previous studieglg|a s hown t hat t
fundamental frequendy0) will consistently increase under conditions of increased cognitive
workload (e.g., Brenner et al., 1994; Griffin & Williams, 1987; Huttunen et al., 2011), others
have showrhat only some talkers show artiease, while others maintain their fO or even
decrease it under increased load (e.g., Lively et al., 1993; Scherer et al. HX¥)2). et al.
(1968) noted that there was no consisgaitern of spectral change in higlorkload conditions

across theirample of talkers, but that changes were generally consistent within talkers. Thus,
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without knowing how a talkerds speech behavi

present, it may be difficult to know what changes to look for with a partner present
From a speech perception point of view, it is possible that the lack of reliable increases in
similarity over time could be due to the attentional resource realloaimionsequent+e
weighting of speech cuesmder conditions of cognitive workload jpased by Mattys and
colleaguesiNlattys et al., 20092014; Mattys & Wiget, 2011). Under this assumption, talkers
perceiving speech in higlbad situations give more weighttioe lexicalsemantic information in
the speech stream than they do to the aadphktinetic informationdue to the higher
communicative value of those lexiesgmantic cues (Mattys et al., 2005). Thisweighting of
cues could conceivably be sufficient for talkers to not take in enough detailed apbostatic
information to relialy show increased spectral similarity to their partners. Given that speech
production and speech perception changes will likely both apply in conditions of workload in
conversation talkers will both have to speak and to perceive in order to particip#te i
conversation it may even be a combination of these changes leading to a lack of convergence.
While no reliable pattern afhcreasing spectral similarityas found, there was
nevertheless a weak positive correlation between the ratings giverebgisto the pairs of
utterances in the perceptual judgment task and the similarity values returmechbgustic
analyses: for thamplitude envelope analysibie correlation wag133) = .18, p = 0.03&vhile
for the MFCC analysis, it wag133) = .1B, p = 0.039° Thus, pairs of utterances which
received higher ratings for similarity were somewhat more likely to also have higher acoustic

similarity values, and pairs of utterances whigre giveriower similarity ratings were

13 The correlation between the two acoustic similarity measures was very similar to the correlations between each
measure and the similarity rating§133) = .177, p = ©39.
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somewhat more likely todve lower acoustic similarity valueBhis suggests that acoustic
similarity may havecontributed o0 s ome degree to the | isteners?o
but that it was not the only factor in those ratifgs mentioned earlier, itds beenwsggested

that listener judgments of similarity reflaglobal similarity acrosmultidimensionabspects of
acoustiephnet i ¢ attri butes si mudmphasisdpp,u sdryav i( dPiar gl off
global measure of convergence that is groundedhatmight be accessibke individuals

during conversationaliner act i on 0 (, &gphadioJARe2al fiofh sectipn 3.22

that listeners were asked to rate the similarity of the pairs of voices they heard holistically, which
means thewere not linted to using onlyglobalspectral similarity in making their ratings, but

could also recruitactors such aspeech ratgorosodic featureyr dialecal differencesin

making their judgmentd.isteners were also not restricted in how they weighted flaesers in

making their decisions, or in how to interpife¢ instructiontojudgé si mi | ari tyé6: for
two utterances had similar spectral chanasties but different speech ratebis could result in a

high similarity rating from one listenéut a low similarity rating from anothen terms of the

spectrum itself, listeners could differently weight the various elements that would make up the
global measure: not only fundamental frequency or formant values, but voice quality (creakiness,
bredhiness), overall amplitude (loudness), or variability in amplitude or fundamental frequency.

If creakiness, for example, was particularly relevant to a listener, then they may have rated a

talker with a creaky voice and a talker with a breathier voieseasdifferent even if the other

elements which were combined in the global acoustic similarity measure were siell,

recall that the listeners heard all nine pairs of utterances from each dyad in a block (in a
randomized order). As their familigr with the voices increased, their judgments may have

evolved; no such familiarity was developed by the PCT algoritiims listeners in the
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experiment described in Chapter 3 thus may have been using acoustic similarity based on
spectral measurementstbe type made by amplitude envelopes and MFCCs in their similarity
judgments, but only as one aspect of a more sophisticated analysis involving all of what is
accessible to thepand what is relevant to themhen listening to conversatioas they unfold
over time

Overall, fourof the dyads studied showed the same patterns of similarity changes in
listener judgmentsamplitude envelope measuresid MFCC measurese., listener ratings of
similarity and acoustisimilarity values increased and decreasetthe same intervalslthough
the magnitude of the change was not necessarily the Savoeof these dyads were in the Hard
condition (H3 and H4), one was in the Medium condition (M4), amik wasn theEasy
condition (E3. It is thus alsgossible thaspectral similarity may have been played more of a
roleinsomel i stenersodé similarity ratings than it di

It is possible that the material used in the spectral similarity analyses may have led to the
lack ofa reliable pattern aflobal acoust convergence. As detailed in section 3.2.1, the
utterances selected for the perceptual judgment task (which were then used in this analysis) were
not selected for their lexical content; rather, they were selected based on factors such as phrasal
constitiency, length, and fluent productiodppendix Econtains the full list of phrases.)
Lewandowski 6s ( 2faun@cpnveagened ugirsgiaraplitudevénveloge analysis,
compared instances of the samedvaken from pairsf talkersat different points in the Diapix
task and in the reading list the talkers were asked to producen6s (2012) MFCC ane
which found convergence between talkers with different native languages and divergence
between talkers with the samative language and dialect, used the same sentences uttered by

the different talkers as its basis for comparisbis. likely that amplitude enveloper MFCC
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similarity measires arébest suited fodetecting convergence utterances containing the same
lexical items given their reliance on spectral characterist@sly in the course of this study, an
attempt was made to use single words fronctherersationgs material for an amplitude
envelopeanalysis t o more cl osel y f amalytioprocdderaMawevktws ki 0 s
became evident that due to the need for fluently produced tokens with minimal background noise
produced in roughly the same position in a sentence in both early and late portions of the
conversation for both talkers (see tloaditions for token inclusion listed in Chapter 4 of
Lewandowski, 2012), not enough usable tokens would be available in the shorter conversations
to make this a feasible analysis techniqumay be the case that more restricted conversational
contexts tAn were found in the current study are better suited for these kinds of acoustic
convergence analysis.

In Chaptes 5 and 6 we turn from global measures of similarity to more specific
measures; in particular, whether convergendce@!| k er s 0 mdpausngphttersst es a

affected by task difficulty.

89



Chapter 5: Task difficulty and speechrate convergence

5.1 Introduction
Changes ipeechat® hakdeeensandestgated in relation bdthspeech
convergence aniw speech production under conditions of cogaiworkload.These
investigations have sometimes looked directly at units of speech per unit of time, where
producing more units in a given amount of time leads to a higher speech rate, and sometimes
looked at global decreases in phrase, word, syllableegmental duration, where shortening the
length of the units under consideration will allow more of them to be produced in a given amount
of time. All the studies described in this chapter which looked at speech unit duration rather than
speech rate desbed the observed decreasespeech unit duration as an increase in speech rate.
Changes irspeeclrate have been reported in a number of studies examining the effect of
task difficulty on speech production, including Griffin & Williams (1987), Livetyal. (1993),
Brenner et al. (1994and Scherer et al. (2002)sing a variety of measures, indlag syllables
per secondRrenner et al., 1994), word duration (Griffin &Williams, 1987), syllable duration
(Scherer et al., 2002) and segmental and plihasstions (Lively et al., 1993)ask difficulty has
typically been found to increaspeeclrate when a talker is producing speech while performing
a task.The cause of this increasspeeclrate has notden clearly identifiedBrenner et al.
(1994) impy that it is related to physiological changes (e.g., increased heart rate) resulting from
psychological stress due to increased cognitive workloadly et al. (1993), on the other hand,
suggest that talkers engageyiprrwipatechiond ml @md
function in high cognitive workload conditions; in this interpretation, decreased word duration

all ows talkers to Areturn to their attention
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The degr ee tpeeohhateataffectad bk neoredi€ult tasks varied
across thstudiesmentioned abovdrom a decrease in segmental and phrase duration for 4 of 5
talkers in Lively et al. (1993), tanancrease in syllables per secdmg13 of 17 speakers
Brenneret al. (1994)to decreases in word duration and syllable duration, respectimedyiffin
andWilliams (1987) and Scherer et al. (200Rpwever, these talkers wenetinteracting with
another talker while performing the taslther, they were recitinsequences of numbersq0n
Griffin & Williams, 1987; 90100 in Brenner et gl1994) or repeatip short phrases when
prompted¢ say [ hVd] agal ndbB3;i notLhivse | iyEn Bthareaktagln u mb e r
2002)

Convergence ispeecirate ha beeralsoexaminedn boththe accomradation literature
andthe acoustigphonetic spheraVhile convergence has be#und to occur in thee domairs,
it is doesnotalwayshappenStreet Jr. (1982) found that listeners positively evaluttese
talkerswho reducedheir wordsperminutespeech ratéo become more similar that of an
interviewer, and negatively evaluatdmbsetalkers whose speech ratereased and thus
divergedfrom that ofthe interviewer.Jungers anéiupp (2009)Xdemonstrated thatstieners will
convergeo thefast or slowspeech rate of a modelkerwhen asked to either repeat the
sentenceproduced by the model to describe pictures spontaneoiaigr having listened to
the model Two studies byPardo and colleagues (Pardakf 2010, 2013aghow mixed results
as to whether convergence occuriredpeech ratelhese studies were based on Wilsowl
Wil sonbds (2005) pr op dakiaglis bastmmodeleccas antype of ssaillatiomg n a |
and supposed théfa] talkerwho intends to continue the conversation smoothly (without a
prolonged delay) must be able to anticipate a turn transition point, which is governed by a

number of factors, including articulation rate. The demand for close atténton an i nt er | oc
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ariculation rate should lead naturatlyo ent r ai nment on r at Zb6)( Par do
However, n Pardo et al. (2010), where Givers and Receivers of instructions in the map task
remained in their roles throughout the entire task, talkers ve¢f@und to consistently converge

or divergeon speech rates, as measured using$enges crossorrelationof words per second

ratesin oneminute intervals through the task. In Pardo et al. (2013a), where talkers switched
between Giving and Receivingles during the tasklifferent results were found depending on
whether measurements were made at the global level or at the local lebel. €@nvergence on
speech rates was found when talkers switched roles: i.e., when the original Givers became
Receiers, and the original Receivers became Givers, their speech rates converged (Givers
became slower and Receivers became faster). When talkers returned to their original roles, their
speech rates diverged on a global level: Givers became faster and Rduxmtaens slower.

However, when convergence was measured in the same way as in Pardo et al.i(2Q1i&)e-

series crossorrelation ofwords per secondt oneminute intervals throughout the taisko

consistent pattern of speech rate change was faursixf of the eight pairs of talkers, and the

two pairs which did show a consistent pattern diveryed.stuy in which talkers did a task

twice with different partners each time, Levitan and Hirschberg (Joiihd that talkers were

more similar to theitask partners in terms of speech rate than they were to participants with
whom they had nalonethe task, but they were everore similar to themselves when their two
sessions were compared than they were to their partners in those s@$seasest$ suggest

that talkers arénot automatically yoked teeproduce the temporal kinematics of an interacting
partner, even in eollaborativetask ( Par do et al . alth@ghls@eakerpwil 2 90) ,
modify theirspeechrate to coordinate with aapr t n e r 0 s tend toddkeye togpérsomal i

speaking behaviortht carri es across conversationso (Lev
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Given that task difficulty has been shown to have an effect on speech rate, and given that
talkers have displayedvariety of convergence and divergence patterns when it corspséch
rate, this chaptezxplores the question of whether task difficulysan effect on speech rate
convergence, by examinirghether the talkers in the construction task corpus (a) showed
changes in thespeeclrate based on the diffitty condition they were in(b) became more
similar in their speech rateser the course of their interacticamd (c) ifthey became more
similar, whetheithe difficulty condition fad an effect on thatrsilarity. Increased similarity over
the course of a dyadébés interaction could indi
effect of condition could indicate that task difficulty was affecting that converg8ecéon 52
describsthe methodsiseal in this examination; Section¥presens the results; Section.%

discusssthe results.

5.2 Methods
5.2.1 Measuring speakingand articulation rate differences

A variety of techniques have been used to meapeeclrate, includingvords per
minute (Streedr., 1982)words per secondP@rdo et al., @L0; Pardo et al., 208a), syllables per
second Brenner et al.1994 Levitan & Hirschberg, 20)1word durationGriffin &Williams,
1987), syllable duration (Scherer et al., 2002) and segmental and phrasmd(tavely et al.,
1993) Given the conversational nature of the speech in the construction taskicerpas
featured a wide variety of words and phrases, and in which speakers extensively reduced the
duration and quality of wog] syllables, and setentsi words per second and syllables per
secondvalues were used for measuring speech rate in this dissertsgiorell, because of the

noisy nature of the recordings in the corpus particular, noise fromm al ker sé over |l app
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speechand laughterand noise from the manipulation of LEGO pie¢esords per second and
syllables persecooder e cal cul ated based on the orthogra
speech, rather than via an automatic method such as amplitudpigkial* While words per
second and words per minudeethe measuiused previously imuchconvergence research
(Pardo et al., 2010; Pardo et al., 201S@meet Jr., 1982thesecan besomewhat misleadin@gs
theygive the same weightto singeey | | abl e wor ddotomulsllactwbregsé as t h
Il i ke 06 per,hpbamoliwhichuappaar ih hedcorpus under consideratonthis reason,
both words per second and syllables per seemrd used in this dissertation.
Words per second and syllables per sea@tdeswere calculated for each talker in each
Giving and each Receivirgjep of their conversation; speech from the opening and closing
sectiongsee Sectio2.3.1in Chapter 2 for a description of these sectiovess not included. For
each stepa list of all words and neword material and the duration of those elements was
generated using Praat and ELAAL inter-turn pauses were removed from the list, providing a
total amount of speaking time for each sfepo different ways of calulating words per second
and syllables per second rates were used. The first used all tufinitaneall time that a talker
used for turns in a particular step, not including wben pauses. This included all complete
words; all filled and unfillegpauses; all laughter, coughs, and noises; and any other material in
the step which was speelike but not counted as a complete word (see further details below).
The resulting word and syl |l able rates ewsdi ngn t
this chapter. The second method used only the time required to articulate the words, as well as

any unfilled pauses and breaths less than 250 ms in length, which were taken to be part of the

14 Orthographybased calculation was the method used by Pardo et al. (2010, 2013a) as well; while it is less
reflective of oOreal ' ifed physi ol o gpickirglnalgsistvauldibelitat i on t |
neverthelessisareeonabl e approxi mation of talkersdé speech rate.
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articulation process (see the discussion in Grosjeann® L E976, and Miller & Grosjean, 1981).
The resulting words/syll ables per second rate
articulation rate was the measure used by Pardo et al. (2010, 2013a), it is not necessarily
refl ect il v d edifrated tbealues are generally higher than would be the case if all
of the time used for all elements of a talker
based speaking rate measure allows for a comparison of word and syllable rateesvih rat
other elements in speech, such as the rates of filled and unfilled pauses which will be explored in
Chapter 6. In this study, both the articulation rate and the speaking rate were measured, both in
terms of wunits per s sugsedtarefertd speakingeatemnd aricplaienc h r
rate collectively.
In determininghe number of wordsll words were includedxcept for those
1 which were untranscribable or uncertainly transcrilirdranscribable or
uncertainly transcribed material svéound in 56.75% (227 of 400) of the steps. In
149 of the steps (65.6%) with untranscribable material, the duration of that
material comprised less than 1% of the total speaking time in the step; the highest
percentage was 7.6%, in one Receiving steyimdd M3 6s i nteraction
1 whichwereincomplete. Partial words were found in 72.5% (290 of 40@e
steps. In 184 of the steps (63.4%) with partial words, the duration of those words
comprised less than 1% of the tatpkaking time in thstep; the highest
percentagewakl.1%, i n one Receiving step in dya
1 which werelaughed through, sung through, or yawned throaghheir durations
wereoften extraordinarily elongatewords of this type were found in 50.5%

(202 of 400) of the steps 73 of the step&6.1%)with laughedthrough, sung
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through, or yawnedhrough words, thduration of those words comprised less
than 1% of the total speaking time in the step; the highest percentage was 10.9%,
in one Receiving sdnep in dyad M406s inte
While these elements were not counted as words, the time used to produce them was included in
the calculations of speaking time.
In terms of syllables per secontkasures, the syllabification of the words in the corpus
was completed using tl&MU pronaincing dictionaryversion 0.7a (2008

http://svn.code.sf.net/p/cmusphinx/code/trunk/cmudict/cmudict.@etideved June 20, 2014

Where no syllabification was listed, therd was syllabified based @he mossimilar words
which were in the dictionary e . g . , wadbsallphifiedlbasedrodthe CMU syllabification
o f 6 m)joh the sygllabdication of the components of compound words which were in the
dictionary(e g. , Ol eft most 6 was syl labified using th
CMU syllabification of the word plus the syllable count of any affixes which had been added to
it (e=-ygd),. OA illiasct of words whiogalyardithee not appea
syllabifications of them used in this dissertation is giveAppendix F
Words per second and syllables per seaweck used to measure whethefidiflty had
an effect on speaking and/or articulatrate bagd on the workload literaturthe expectation
was that words/syllables per secamould be higher in the more difficult conditiaridean
speech ratand articulation ratéor each talker wassed to determine whether there were
differences in speech rabe articulation ratéetween the three conditions. Théreabsolute
differences between words per secoatliesandbetweersyllables per secondalues for dyad

partnersearly and late in the conversation were measuir¢gdlkers were becoming more slani
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in their ratesthese differences should be smaller later in the conversation than they were earlier

in the conversationhese absolute differences were measured in three ways:

T

T

in each step; i.e., bete en one tal ker 6s Gi vdandghewor ds/

ot her tal kerds Recei vionmStepone StexTive gtd. | abl e
This is similar to the method used in P
speech rates were compared to those of Receivers.

betweerthe words per secorahdsyllables per secondhluesin the Giving steps

for each partner. I n this instance, the
occurrenceThus, the first pairing would haviea | ker 16s Gi vi ng wor
per secondh Step 1 (their first Givingtgp ) and Tal ker 26s Gi vi
words/syllables per secomu Step2 (their first Giving step);ite second pairing

would haveT al ker 106s Gi vi ng wwoSted3(thergdcdnd bl e s |
Givingstp) and Tal ker 20s Gi vinbgpdgeirr ds/ syl |

second Giving stepand so forth

between the words per second and syllables per seatunekin the Receiving

stepsfor each partner, in the same way as for the Giving steps.

These differences were measured for each step in the fiestdestfor each Giving step pairing

in the second instance, and for each Receiving step pairing in the third instance. Haswvever, a

each condition had different numbeof steps’ i.e., 18 (nine Giving and nine Receiving for

each partner) in the Easy comalit, 12 (six Giving and six Receiving for each partner) in the

Medium condition, and 10 (five Giving and five Receiving for each partner) in the Hard

conditioni not all of the steps were usedte analysis. In the bstep words/syllables per

second diférence analyse the first four steps (Early) and the last four steps (Late) for each dyad
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were used; in the Giving and Receiving difference analyses, the first twetyaengairings

(Early) and the last two santgpe pairings (Late) for each dyad weredis

5.2.2 Measuring crosscorrelation in speechand articulation rates

Following the method used by Rlaret al. (2010, 2013a), the words per second and
syllables per seconghlues for the talkers in each dy&or both speaking rate and articulation
rate,were submitted to timaeries crossorrelation analysas addition to the analysis of rate
differencesTime-series crossorrelationis used to compar&o seriesof data points andy
measured at regular time intervals. In many systénsspften the ase thathe best correlations
of data sampled in this wag found if one series is tirrghifted relative to the othefhese time
shifts are indicated by t thathevhlaepattimetisu e :
correlated with the valuef y at some later time, while a positive lag indicates that the valge of
at timet is correlated with the value gfat some earlier timé&or example, in this study,
consider the speech rate value for each talker in a dyad for each step of thHititagpeech
rate value of partneris significantly correlated with that of partneat a lag ot3, this means
that the speech rate value of partxer Step 1 would be correlated with that of partyar Step
4,xin Step 2 withy in Step 5, et dera.On the other hand, if the speech rate sf significantly
correlated with that of partngrat a lag of 3, this means that the speech rate of parin&tep 4
would be correlated with that of partnein Step 1xin Step 5 withy in Step 2, ad so on. A
negative lag is sometimes described sadingy, and a positive lag aslaggingy (see e.g.,
Shumway & Stoffer, 2014As in any correlation, coefficients can be positive or negaiaedo
et al. (2010, 2013a) interpreted significant pesitoefficients as indicative of convergence and

negative coefficients as indicative of divergernoehe currenstudy, Giver 1 wagin the
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analysis okach ste@nd in the analysis of Giving steps only, and Giver 2 (who is also Receiver

1) wasx in theanalysis of Receiving steps only.

5.3 Results
5.3.1 Overall speakingand articulation rates

To determine i f difficulty ardartculaiomates,f f e ct
the overallratesin each cadition weremeasured in both words per second sylthbles per

second

5.3.1.1 Words per second

Mean words per second ratessed on byalker meansfor both speaking rate and
articulation ratewereexamined by Condition and Type of st€verall, words per second
speaking rat@alues were higher in the Reeigig steps than in the Giving steps in all three
conditions.The mean words per secosigeakingate in Giving steps was 2.33 (SD = 0.35) in
the Easy condition, 2.23 (SD = 0)di the Medium codition, and 2.34 (SD = 0. 4 the Hard
condition. In theReceiving steps, the mean words per sespahkingate wa2.4 (SD =0.37)
in the Easy conditior?.44(SD =0.46) in the Medium condition, an2.64(SD =0.36) in the
Hard condition There was more variation in words per secionithe Receiving steps fone

Easy and Medium conditions, but less in the Hard condiisrtan be seen Figure 51.
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Figure5.1 Boxplot of words per second speaking rates by Condition and Type

Mean words per secorspeakingatewas used as the dependent variable in aviap
ANOVA, with Condition (Easy, Medium, Hard) and Type (Giving, ReceivigJactors. There
was a marginal effect of Type [F(84) = 3855, p = 0.0547], with mean words per second
trending higher in the Receiving steps than in the Giving sképsgffect of Conditiorand no
interaction between Condition and Type wirend. This suggests that difficulty was nieaving
an effect on t alskeaking ratealuesybdtshat pleether they everengdsing or
receiving instructions did tend to have an effattheirspeakingate

In terms of words per second articulati@ate the values were higher in the Receiving
steps than in the Giving steps for the Medium and Hard conditions, but were roughly the same in
both types of steps in the Easy condition. In the Giving steps, the words per second articulation
rates were 34 (SD = 0.35) in the Easy condition, 3.46 (SD = 0.3) in the Medium condition, and
347 (SD = 0.35) in the Hard condition. In the Receiving steps, the articulation rates were 3.42

(SD =0.32) in the Easy condition, 3.66 (SD = 0.34) in the Medium conditieh3.78 (SD =
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0.33) in the Hard condition. The distributions of the words per second articulation rates are

shown in Figure 5.2.

4.0 ‘
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Word Articulation Rate

3.0

easy medium hard
Condition

Figureb5.2 Boxplot of words per second articulation rates by Condition ampe T

Mean words per second articulation rate was used as the dependent variablewag two
ANOVA, with Condition (Easy, Medim, Hard) and Type (Giving, Receiving) as factors. There
was a marginal effect of Type [F(1, 54) = 4.009, p = 0.0503], with mean words per second
trending higher in the Receiving steps than in the Giving steps. No effect of Condition was
found nor was anynteraction between Condition and Typg@ain, as with speaking rate, this
suggests that difficulty was not having an ef
values, but that whether they were giving or receiving instructions did tend tama¥ect on

their articulation rates.

5.3.1.2 Syllables per second
Mean syllables per second rates based etalbgr means were also examined by
Condition and Type of step. Overall, as in the words per second analysis, the syllables per

secondspeaking ratewere higher in the Receiving steps than in the Giving steps in all
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conditions, with the highest rates found in the Hard condition. The mean syllables per second
speakingate in Giving steps waa 74 (SD = 0.4Bin the Easy conditior.66 (SD = 0.3%in the
Medium condition, an@.78 (SD = 0.5bin the Hard condition. In the Receivinggs, the mean
syllables per secorgpeakingate was 3.11 (SD = 0.54) in the Easy condition, 3.21 (SD)Ar0.5
the Medium condition, and 3.36D = 0.4) in the Hard conditin. The distribution of the rates in

each condition is illustratein Figure5.3,
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Figure5.3 Boxplot of syllables per second speaking rates by Condition and Type
Mean syllables per secosgeaking rate&vas used as the dependent variable in avtap
ANOVA, with Condition (Easy, Medium, Hard) and Type (Giving, Receiving) as fa.ctor
effect of Type wa found [F(1, 54) = 18.443,9$0.001] mean syllables per seconas higher in
the Receiving steps than in the Giving stéis effect of Conditiorand no interaction between
Condition and Type&vas foundAgain, as in the words psecondspeaking ratanalysis, it was
the talkersod6 rol e at iie.,whetheetmey werrigivirg oriregeiviag c o nv e
instructionsl which had an effect on their syllables per secgpehking ratesiot the difficulty

of the task they we working on.
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In terms of syllables per second articulation rates, the values were again higher in the
Receiving steps than in the Giving steps. In the Giving steps, the syllable per second articulation
rates were 4.01 (SD = 0.46) in the Easy condidob3 (SD = 0.41) in the Medium condition,
and 4.13 (SD = 0.4) in the Hard condition. In the Receiving steps, the values were 4.43 (SD =
0.42) in the Easy condition, 4.84 (SD = 0.43) in the Medium condition, and 4.81 (SD = 0.32) in
the Hard condition. Thdistribution of the syllables per second articulation rates is shown in

Figure 5.4.
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Figure5.4 Boxplot of syllables per second articulation rates by Condérmh Type
Mean syllables per second articulation rate was used as the dependent variable in a two
way ANOVA, with Condition (Easy, Medium, Hard) and Type (Giving, Receiving) ésifa
An effect of Type was found [F(1, 54) = 33.147, p < 0.001]; mean syllables per second was
higher in the Receiving steps than in the Giving stepseffect of Condition and no interaction
between Condition and Type were found. Once aghiiinculty did not have aeffect on
talkersdé syll ables per second articulati on

instructions did.
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Thus, there were no reliable effects of task difficulty on either speaking or articulation
rate for either words paecond or syllables per second values. However, there was an effect of
tal ker s & riaovhether they werdrgiving oarsckiving instructionshich was
statistically significant in the syllables per second analyses: talkers spoke more quickly in

Receiving steps than they did in their Giving steps.

5.3.2 Speakingand articulation rate differences between partners

This section presents the results of the analyses of the changes in absolute differences in
dyad partner sd s pallthecahalyses & rediced absolute differamee. ovel time
would suggest that talkers were becoming more similar in their speech rates, which could be a
result of convergence. Overall, very few consistent and reliable gialiarns were found,

although sme dyads showed fairly consistent behaviour across the different measures.

5.3.2.1 Speakingand articulation rate differences in each step
Looking at differences in speeddtesin each step i.e., in which one talker was Giving
instructions and the other wReceivingi themean absolute differences in words per second
speaking ratare given inTable5.1. Oveall, the difference between words per secspeaking
rates increased over time in the Easy and Hard conditions, sugdbatittte dyads were
becoming less similar in speakirgtes, but decreased over time in the Medium condition,
suggestingtalkes 6 speech rates were becoming more sin

Table5.1 Mean absolutevords per secahspeaking ratéifferences by stem Early and Late
portions of the conversatiofistandard deviations parentheses)

Easy Medium Hard
Early 0.46 (0.5 0.7 (0.55 0.47 (0.43
Late 0.55 (0.32 0.54 (0.5} 0.54 (0.53
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As can be seen fRigure 5.5 there was a fair amount gériationin the mean Early and
Lateabsolute words per secoageaking ratéifferences within each conditiom the Easy
condition,two dyadowords per secondifferences decreasedlightly over time (indicating that
they werebecoming more simildy two dyadddifferences increaseddomewhatindicatingthat
they were becoming less simjlaandonedyad differenceincreased noticeably. In the Medium
condition, fourd y a d s 6 wo r differepcesrdecee@sedarwane to dffering degrees,
whil e one dyadOo slintie Hard eonddiorntbree dyagdwards pesseadnd
differences decreasedomewhabver timewhilet wo dyads 6 di fnbtieeabdynces i n

over time.

easy medium hard
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_____

Early Late Early Late Early Late

Figure5.5 Absolute Early and Late words per second speaking rate differences in each d
Condition. Error bars indicate-t1 standard error of the mean. Higher values indicate large
absoluted i f f er ences between talkersdéd words p
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Inspection of a histogram of tladolutewords per seconspeaking ratéifferences
indicated that the data were not normally distribptes was confirmed by a ShapiWilk
normality test (W=0.8717% < 0.001)Absolute words per secomiifference was used as the
dependent measure ineries of Wilcoxon rank sum tests for each condition, with Time (Early
and Late) as the independent measure. No Bonfecoynected (p < 0.0167) significant
differences between Early and Late tifne=e found for the absolute words per secgpeihking
ratedifference in any of the three conditions (Eagy= 137, p =0.091 Medium:W =237, p =
0.3273 Hard W =196, p = 0.9294 The difficulty of the task was thus not found to have an
effect on the absolute differendese t ween dyad p arndspeakisyateswower ds per
time.
Moving to the changes in similarity in tal
time, the mean absolute differences are given in Tabl@Beabsolute differences in rates
decreased over time in the Medium conditismggesting that the talkers were becoming more
similar in their words per second articulation rates over time; however, the rates increased
slightly from Early to Late in the Hard condition, suggesting talkers were becoming less similar,

and remained side in the Easy condition.

Table5.2 Mean absolute words per second articulation rate differences by step in Early and Late
portions of the conversations (standard deviations in parentheses)

Easy Medium Hard
Early 0.36 (0.26) 0.66 (0.45) 0.46 (0.38)
Late 0.36 (0.38) 0.38 (0.25) 0.5 (0.55)

Figure 5.6 shows the byyad variation in the words per second articulation rate absolute

differences in each condition. In the Easy condition, three of the five dijadged decreases in
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their absolute differences between the Early and Late portions of the conversations, suggesting
their words per second articulation rates were becoming more similar. In the Medium condition,
all dyads showed a decrease in absoluteréifiee over time. In the Hard condition, on the other
hand, three of the five dyads showed an increase in their absolute words per second articulation

rate differences over time, suggesting that they were becoming less similar.
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Figure5.6 Absolute Early and Late words per second articulation rate differences in each
by Condition. Error bars indicate-# standarekrror of the mean. Higher values indicate lar¢
absolute differences between talkersodo w
Inspection of a histogma of the absolute words per second articulation rate differences
indicated that the data were not normally distributed; this was confirmed by a SWalkiro
normality test (W=0.8474, p < 0.001). Absolute words per second articulation rate difference
was ugd as the dependent measure in a series of Wilcoxon rank sum tests for each condition,
with Time (Early and Late) as the independent measure. A trend towards a Borderrenied

(p < 0.0167) significant differences was found between the Early andimsateih the Medium

condition (W = 284, p = 0.0227), but not in the Easy (W = 220, p = 0.6017) or Hard (W =199, p
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= 0.9893) conditions. The difficulty of the task was thus not found to have a reliable effect on the
absolute differences between dyad pagnér wor ds per second articul a
although there was a trend towards a difference in the Medium condition.
In terms of syllables per secosgeaking rateghe mean absolute differences are given
in Table5.3. Asin the words per secorgibeaking ratabsolute difference analysis, the
di ffer ence b e tinereasebetweanlthe Earlsahd Lata gerods of the
conversationsn the Easy and Hard conditis, suggestinthat talkers were becoming less
similarin syllables per secorgpeakingates, but decreaseger timein the Medium ondition,
suggesting that they were becoming more similar

Table5.3 Mean absolute syllables per secapeaking rate differencéy stepin Early and Late
portions of the conversatiofstandard deviations in parentheses)

Easy Medium Hard
Early 0.65 (0.64) 0.89 (0.65) 0.7 (0.51)
Late 0.94 (0.59) 0.74 (0.61) 0.82 (0.68)

As can be seen iRigure 5.7 there was a fair amount @ériability in themean Early and
Late absolute syllables per secapmetaking ratélifferences within each conditioin the Easy
conditionthreed yads 6 abs ol ut ediffergncdsrecriedsessomeplaatrovestiene, o n d
indicating that the talkers webecoming less similar in speaking ratkile two dyado
differences stayed relatively stablén the Mediumcodi t i on, four dyadso6é6 abs
secondlifferences decreased by varying degrees over, tmdecating that they were becoming
moresimilar in speakingratevh i | e one dy ad 0 sslightlydvdr &mredmtiee i ncr e
Hard conditionthreed y a d s 6 dincfedsedrbyevargirg slegreeger time ,while two

dyadsdé differences decreased
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Figure5.7 Absolute Early and Late syllables per second speaking rate differences idyaal
by Condition. Error bars indicate- standard error. Higher values indicate larger differen
bet ween dyad partnersd syllables per se

Inspection of a histogram of tladsdute syllables per secorgpeaking ratelifferences
indicated that the data were not normally distributed; this was confirmed by adcsWalki
normality test (W=0.897% < 0.001). Absolute syllables per secdlifterence was used as the
dependent measunea series of Wilcoxon rank sum tests for each condition, with Time (Early
and Late) as the independent measure. No Bonfecmnected (p < 0.0167) significant
differences between Early and Late times were found foritbelate syllables per second
speaking rataifference in any of the three conditio@dthough the Easy condition trended
towards an increase in the absolute differdnme Early to LatgEasy:W = 117 p = 00247,
Medium: W =226, p = 04945 Hard:W = 187, p = 0.7381As in the wods per second
analysis, difficulty was not found teliably affect the absolute difference be®n the dyad

partner sd sylsdeakibhgraeslueser second
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The absolute differences in syllables per second articulation rate in the Early and Late
portions of the conversations in each condition are given in Table 5.4bBotute rate
di fferences decreased over time in the Medium
articulation rates in those conditions were becoming more similar to thiea however, they

increased slightly in the Easy condition, suggesting that the talkers were becoming less similar.

Table5.4 Mean absolute syllables per second articulation rate differences by statyiarith
Late portions of the conversations (standard deviations in parentheses)

Condition
Time Easy Medium Hard
Early 0.55 (0.32) 1.01 (0.66) 0.77 (0.52)
Late 0.62 (0.46) 0.7 (0.5) 0.64 (0.6)

The bydyad syllables per second articulation rate alisalifferences in each condition
are illustrated in Figure5.8.n t he Easy condition, two dyadsb©o

Early to Late portions of the conversations, indicating that they were becoming more similar in

their syllables per secondiart ul ati on rates; two dyadsé differ
indicating decreasing similarity in their art
stabl e. In the Medium condition, four of the

differences decreased over time, indicating a general tendency in that condition for talkers to
become more similar to their partners. I n the

differences decreased over time, again suggesting that they were thgcoone similar.
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Figure5.8 Absolute Early and Late syllés per second articulation rate differences in each

by Condition. Error bars indicate- standard error. Higher values indicate larger differenc

bet ween dyad partnersoé syllables per se
Inspection of a histogram of the absolute syllables per second articulation rate differences

indicated that the data were not normally distributed; this was confirmed by a SWaliro

normality test (W=0.9179, p < 0.001). Absoluydiables per second articulation rate difference

was used as the dependent measure in a series of Wilcoxon rank sum tests for each condition,

with Time (Early and Late) as the independent measure. No Bonfeooected (p < 0.0167)

significant difference between Early and Late times were found for the absolute syllables per

second articulation rate differersda any of thethree conditions, (Easy: W = 193, p = 0.862;

Medium: W = 255, p = 0.1417; Hard: W = 244, p = 0.24B8fficulty was not found to déct

the absolute difference bet weaticulatohratevdlyesn d par t
Overall, task difficulty was not found to

absolute differences in each step were examined over times Weee some trends towards

changé in the Medium condition in the words per second articulation rate analysis, and in the
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Easy condition in the syllables per second speaking rate aralysisio systematic effects of

difficulty were observed.

5.3.2.2 Speakingand articulation rate differences in Giving steps

The mean absolute differences in words per second speaking rate in the Early and Late
portions of the conversations in each condition for the Giving steps only are listed in Table 5.5.
Overall, the absolutdifferences either decreaseery slightlyover time,suggesting hat t al ker

words per second speaking rates were becosanggewhamore similar, or remained stable.

Table5.5 Mean absolutevords per secahspeakingate differences by step in Early and Late
portions of the conversations, Giving steps only (standard deviations in parentheses)

Condition
Time Easy Medium Hard
Early 0.48 (0.39) 0.44 (0.36) 0.44 (0.34)
Late 0.38 (0.17) 0.37 (0.31) 0.44 (0.3)

As can be seen in Figure 5.9, there was a fair amountadyéxy variation in the absolute
words per second speaking time differences between the Early and Late Giving steps of the
conversations in each condi t rdepersecbndspeakieg Ea sy
rate differences decreased over time, suggesting that they were becomirsgnmiaren their
speaking rates, whilethreey ad s 6 di f f etoanyicgaegreeésvectime suggesting
that they were becoming less similar. |t he Medi um condi tion, two dy

noticeably between the Early and Late portion

decreasetb alesserdegree and two dyadsdé differences incre
dyadsoéncde sf fdeercer eased over time, two dyadsdé dif
and one dyadods difference increased very slig
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Figure5.9 Absolute Early and Late words per second speaking rate differences in each d
Giving steps only, by Condition. Error bars indicatelstandard error of the mean. Higher
values indicate a larger absolute difference between dyackpar;mé wor ds per
rates in the Giving steps.
Inspection of a histogram of the words per secspéaking rate absoluti#ferences
suggestedhat the data @re not normally distributedhis was confirmed bg Shapirewilk
normality tes{W = 0.9093, p < 0.001Absolute words per secorsppeaking ratdifference was
used as the dependent measure in a series of Wilcoxon rank sum tests for each condition, with
Time (Early and Late) as the independent measure. No Bonfewmeicted (p < 0.0167)
significant differences between Early and Late tinvese found for the absolute words per
secondspeaking ratéifference in any of the three conditions (Eaay= 52 p =0.9118
Medium:W = 56, p = 0.6842Hard W = 51, p = 0.9705 indicating that difficulty was not
globally affecting the absolute differenbee t ween t he dyad p aspedkimgr s o
rates over time in the Giving steps.

The mean absolute was per second articulation rate differences in the Early and Late

portions of the conversations in each condition are indicated in Table 5.6. The Medium condition
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showed a decrease in the articulation rate difference over time, suggesting that talfiegrs in t
condition were becomingnoresimilarin their rates, while the difference increased slightly over
time in the Easy and Hard conditions, suggest

becoming less similar.

Table5.6 Mean absolute words per second articulation rate differences in Early and Late
portions of the conversations, Giving steps only (standard deviations in parentheses)

Condition
Time Easy Medium Hard
Early 0.34 (0.14) 0.43 (0.2) 0.27 (021)
Late 0.36 (0.19) 0.29 (0.16) 0.33 (0.22)

The bydyad variation in the words per second articulation rate differences in each
condition is shown in Figure 5.10. In the Easy condition, three of the five dyads showed an
increase in their absolute arlation rate difference between the Early and Late portions of their
conversations. In the Medium condition, all dyads showed a decrease in their absolute difference
over time. In the Hard condition, two dyads showed a decrease in their differencegwed sh

an increase, and one remained stable.
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Figure5.10 Absolute Early and Late words per second articulation rate differences in eacl
Giving steps only, by Condition. Error bars indicatel standard error of the mean. Higher
values indicate a | arger absolute diffe
rates in the Giving steps

Inspection of a histogram of the words per second articulation rate absolute differences
suggested that the data were normally distributed; this was confirmed by a SNdkiro
normality test (W = 0.9739, p&2255). Absolute words per second speaking rate difference
was used as the dependent measure in a repaaEslires ANOVA, with Condition (Easy,
Medium, Hard) and Time (Early, Late) as factors. No effect of either Condition or Time was
found, nor was aninteraction between them, indicating that difficulty was not affecting the
absolute difference between the dyad partners
the Giving steps.

The mean absolute syllables per secgmebkinglifferences for th Giving steps in each

Condition, Early and Late, are givenTiable5.7. As in the words per secorsgeaking rate

analysis, the absolute differences either decreased over time or remained relatively stable.
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Table5.7 Mean absolute syllables per sec@peaking ratéifferencein Early and Late portions
of the conversation$siving steps only (standard deviations in parentheses)

Condition
Time Easy Medium Hard
Early 0.57 (0.42 0.7 (0.45 0.5(0.45
Late 0.51 (0.2% 0.49 (0.37 0.52 (0.4)

As can be seeim Figure 5.1]1there was a fair amount bf-dyad variationin the
alsolute syllables per secosgeaking ratdifferences between Early and Late times in the
Giving steps in &ch condition. In the Easy conditiamo dyad®absolute syllables per second
difference decreased over tinseiggesting that their speaking rates were becoming more similar
whilethreed yads 6 di fferences i nc,rseggestiagddtthey weseo me de g
becoming less similar in speaking ratesthe Mediumcondiin, only one dyadods
syllables per secomntdifference increased over time, while the other four dyads showed a
decreased difference over time. In the Hard condittoeedya d s 6 di f f er ences dec

time by varying degreeandtwod yads 6 di f f erences i ncreased o0VeE
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Figure5.11 Absolute Early and Late syllablegr second speaking rate differences in each d
Giving steps only, by Condition. Error bars indicatel standard error of the mean. Higher
values indicate | arger absolute differer
speaking rates in éhGiving steps.

Inspection ofa histogram of the absolute syllables per sespadking ratelifferences
indicatedthat the data were not normally distributdds was confirmed by Shapio-Wilk
normality test (W = 0.936% =0.009. Absolute syllables per secosfdeaking ratélifference
was used as the dependent measure in a series of Wilcoxon rank sum tests for each condition,
with Time (Early and Late) as thedependent measure. No Bonferrgorrected (p < 0.0167)
significant differences between Early and Latestsmvere found for the absolute syllables per
secondlifferencesin any of tte three conditions (Easy: W =52, p = 0.9118; Medium: W =63, p
= 0.352Z; Hard: W = 8, p = 0.9118 indicating thajust as in the words per secospkaking
rateanalysisdifficulty was not affecting the absolute differenc b et ween t he dyad
syllables per secorgpeaking rat®aluesin the Giving stepsver time.

Turning finally to syllables per second articulation rate absolute differences over time in

the Giving steps, the means in each Condition and each portion of the conversation are given in
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Table 5.8. The differences increased slightly over time in the Eamiiton, decreased in the

Medium condition, and remained stable in the Hard condition.

Table5.8 Mean absolute syllables per second articulation rate difference in Early and Late
portions of the conversatienGiving steps only (standard deviations in parentheses)

Condition
Time Easy Medium Hard
Early 0.46 (0.25) 0.48 (0.23) 0.31 (0.3)
Late 0.51 (0.23) 0.36 (0.16) 0.3 (0.24)

Looking at theby-dyad syllable articulatiorate absolute differences owene in each
condition, Figure 5.12 shows that in tHard and Easgonditions three and fouof the five
dyads & ab s o]respeetivetyincfedsedrbetweenrette Early and Late portions of the
conversation, suggesting that they were becomingslaskar in their articulation rates. In the
Medium condition, on the other hand, four

decreased over time, suggesting that their rates were becoming more similar.

easy medium hard

Dyad
| E1
E2
E3
E4
& E5
& H1
& H2
& H3
& H4
& Hb
M1
M2
M3
M4
M5

=
=

<
.
o

=}
ro
o

Syllable Articulation Rate Absolute Difference
(o)
o
()

=1
=
=1

Early Late Early Late Early Late

Figure5.12 Absolute Early and Late syllables per second articulation rate differences in e
dyad, Giving steps only, by Condition. Error bars indicaté sfandard error of the mean.

Hi gher values indicate | arger ab Hablésypdar e
second articulation rates in the Giving steps.
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Inspection of a histogram of theovds per second articulation rate absolute differences
suggested that the data weis normally distributeda ShapireWilk normality testindicated a
trend towards a nenormal distribution (W = 0.9641, p = 0.07488bsolute syllables per
second artic@tion rate difference was used as the dependent measure in a series of Wilcoxon
rank sum tests for each condition, with Time (Early and Late) as the independent measure. No
Bonferrontcorrected (p < 0.0167) significant differences between Early and bads were
found for the absolute syllables per second differences in any of the three conditions (Easy: W =
44, p = 0.6842; Medium: W = 66, p = 0.2475; Hard: W = 46, p = 0.7959), indicating that just as
in the words per second articulation rate analysiBcdity was not affecting the absolute
di fference between the dyad partnersd syl l abl
steps over time.

Overall, task difficulty was not found to

rates wien the absolute differences in the Giving steps were examined over time.

5.3.2.3 Speakingand articulation rate differences in Receiving steps
The mean absolute words per secspdaking ratéifferences for the Receiving steps,
Early and Late, are given in TEb5.9. While the Easy and Hard conditions showed a slight
increasen the absolute difference in words per secates over time, suggestitige talkers
might be becoming less similar in their speaking re&s/een the Early and Late portions of the
conversation the Medium condition showed a large decrease over time, sugdedtiregy t al ker s 0

speaking rates were becoming more similar over the course of the conversation
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Table5.9 Mean absolute words per sed speaking ratdifferencesn Early and Late portions
of the conversatigrReceiving steps only (standard deviations in parentheses

Condition
Time Easy Medium Hard
Early 0.56 (0.62 1.04 (0.5 0.53 (0.3%
Late 0.64 (0.4) 0.57 (0.5) 0.6 (0.59

As can be seen iRigure5.13 there was a fair amount offolyad variationin the
absolute words per secospeaking ratdifferences between Early and Late times in the
Receiving steps in each condition. In the Easyddmn,t hr ee dyadsrénceabsol ut e
increased over time, indicating ttliaeir speaking rates webecoming less similain the
Medi um condition, all dyadsd diredsmdicatingtats decr
their speech rates were becoming more simiitathe Harccondition, threel y ads 6 di f f er en

decreasedver time,andtwa y a d s 6 dincfedsedr e nc e s
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Word Speaking Rate Absolute Difference

Ealrly Lalte Eaﬂy Lalte Ee{r\y Lalte

Figure5.13 Absolute Early and Late words per second speaking rate differences in each
Receiving steps only, by Condition. Error bars indiedt& standard error of the mean. High
values indicate | arger absolute differe
speaking rates in the Receiving steps.
Inspection ofa histogram of the absolute words per segpehking ratelifferences
indicated that the data were not normally distributed; this was confiopmadShapireNilk
normality test (W = 0.905% < 0.001). Absolute words per secapeaking ratdifference was
used as the dependent measure in a series of Wilcoxon rank sum tests for each condition, with
Time (Early and Late) as the independent meadlodBonferronicorrected (p < 0.0167)
significant differences between Early and Late tinvese found for the absolute words per
secondlifference in any of the three conditions (Easy: W = 38, p = 0.393; Medium: W =74, p =
0.0753; Hard: W =52, p = 0.98), indicating that dificulty was not affecting the dyad pagmr s 6
absolute differences in words per secepdaking ratem the Receiving stepsver time

For the words per second articulation rate absolute differences, as shown in Table 5.10,

the Easyand Hard conditions again showed a slight increase in the absolute difference in words
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per second rates over time, suggesting the talkers might be becoming less similar in their
articulation rates, while the Medium condition showed a large decreasemggestiggesting the

tal kersodo articulation rates were becoming mor

Table5.10 Mean absolute words per second articulation rate differences in Early and Late
portiors of the conversation, Receiving steps only (standard deviations in parentheses)

Condition
Time Easy Medium Hard
Early 0.47 (0.41) 1.09 (0.4) 0.47 (0.35)
Late 0.48 (0.42) 0.32 (0.35) 0.52 (0.46)

In terms of bydyad absolute difference changes ovaetiin the Easy condition, four of
the five dyads showed a decrease in the difference in their words per second articulation rates
over time, suggesting they were becoming more sinth&rone dyad which showed an increase
showed a dramatic one (over ardigper second), as can be seen in Figure. fnlishe Medium
condition all five dyads showed a decrease in their articulation rate difference between the Early
and Late portions of the conversatibtowever, in the Hard condition, three of the five dyads
showed an increase in their absolute articulation rate difference over time, suggesting that they

were becoming less similar.
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Figure5.14 Absolute Early and Late wds per second articulation rate differences in eac

dyad, Receiving steps only, by Condition. Error bars indicafiestandard error of the mesa

Hi gher values indicate | arger absolute

second articulatiorates in the Receiving steps

Inspection of a histogram of the absolute words per second articulation rate differences

indicated that the data were not naity distributed; this was confirmed by a Shapikilk
normality test (W = 0.9194, p < 0.001). Absolute words per second articulation rate difference
was used as the dependent measure in a series of Wilcoxon rank sum tests for each condition,
with Time (Ealy and Late) as the independent measure. A significant differenceaatfar&ni
c or r elevelefd.0167 was found between the words per second articulation rate differences
in the Early and Late portions of the Medium condition (W = 93, p < 0.001). However, no
significant differences between Early and Late times wenedfauthe Easy and Hard conditions
(Easy: W =52, p =0.9118; Hard: W =48, p = 0.9118), suggesting that diffesiiywholevas
not affecting the dyad partnersd absolute dif

Receiving steps over time a reliable way.
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