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Introduction  
 
The investigation of coordinated behavior arising from 
interpersonal interaction is an emerging area of research recently 
attracting increased attention.  Thanks to funding provided 
through the Humboldt University of Berlin and the National 
Institutes of Health we are pleased to provide this opportunity to 
consider these topics as presented by our distinguished invited 
speaker and contributing authors.  We also wish to thank Oxana 
Rasskazova and Birgit Schenk for their assistance, and the 
organizers of the ISSP for their support of this satellite program. 
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Synchronized and complementary mechanisms underlying interpersonal 
coordination across behavioural, neural, and physiological domains 



An Investigation into Phonetic Accommodation and its

Neural Correlates in a Collaborative Conversational Task

Solanki, V., Stuart-Smith, J., Smith, R., Belin, P., Vinciarelli, A.
University of Glasgow (UK)

v.solanki.1@research.gla.ac.uk

Abstract

Speakers are known to make subtle yet communicatively important adjustments to their speech
during dialogue in relation to their interlocutor, a process known as speech accommodation.
At a conceptual level, it has been proposed that these adjustments might be important in the
alignment of mental situational models when communicating with another person (Pickering &
Garrod, 2013) and in social cohesion between speech partners (Coupland & Giles, 1988; Giles,
Taylor, & Bourhis, 1973). Essentially, these models propose a fundamental need to reduce
uncertainty in the signal through capitalising on the regularities inherent in the most similar
aspects of the speech signals of both conversational partners. However, the experimental tech-
niques used to verify these theories at a phonetic level have often overlooked the interactive
and interdependent nature of conversation. They have instead favoured of an investigative ap-
proach which gains experimental control by delimiting the amount of possible variation in the
signal through the use of pre-recorded speech. In order to provide strong evidence to support
these hypotheses, studies looking at truly interactive speech phenomena are needed and thus
far, these are somewhat lacking. The presented project utilizes a Dual-EEG methodology,
where EEG signals of two people are simultaneously recorded whilst performing a structured
collaborative task designed to elicit specific phonetic features in order to investigate the rela-
tionships between phonetic variation and brain activity.

Within the field of phonetics, there is a large body of research investigating the types of
phonetic variables which contribute to the shifting of speech in relation to their conversational
partners (Babel, 2012; Pardo, 2012; Tobin, 2013). These works generally tend to focus on
the individual features of the phonetic repertoire that each interlocutor produces during con-
versation, e.g. VOT (Tobin, 2013), F0 (Babel, 2012). However, the idea that human beings
interpret the acoustic features of another’s speech based on just a small number of key features
of the acoustic signal rather than making use of all available information contained within the
speech signal, seems unlikely. Additionally, the studies mentioned above find that a large
number of social and individual factors are strongly correlated with the variation which occurs
in the acoustic patterning of conversational speech adaptation. The project presented here,
takes this into account and assesses phonetic features from fine-grained temporal variables up
to more supra-segmental aspects of the speech signal whilst controlling for social and individ-
ual variance.

In the fields of psychology and brain imaging, there is a growing body of research which
aims to assess the link between the variation in the acoustic signal of human speech and neu-
ral activity (Ghitza, Giraud, & Poeppel, 2013). If it is the case that our mental models of
a given interaction align across the course of a conversation based on the acoustic properties
of our speech patterning, then it could be proposed that a form of alignment between brain
processes in the interlocutors should also be present. However, little is known about whether
a link exists between the underlying phonetic variation in interactive communication and the
neural processes which are hypothesised to drive alignment. Those studies which have at-
tempted to investigate this matter, whether from a phonetic or neural perspective, have often
failed to capture the full spectrum of interaction because the models are usually inferred from
non-interactive experiments (responding to pre-recorded speech), rather than from interaction
itself.



In order to elicit free conversational speech, the DiapixUK task is used (Baker & Hazan,
2011), two participants must verbally interact in order to solve a spot-the-difference task
where each participant has a different version of the same pictorial scene. The effects which
are being assessed are subtle and a strong behavioural effect is required for sufficient activity
to be detected by the EEG. It has been demonstrated that women are both more likely to
accommodate and will tend to show greater accommodative magnitude (Bulatov, 2009; Namy,
Nygaard, & Sauerteig, 2002), accommodation is more likely to be present in conversational
pairs from the same local area but with different local accents (Kim, Horton, & Bradlow,
2011) and accommodation is more likely to occur amongst pairs who are more similar to one
another or who tend to like each other (Bailly, Lelong, et al., 2010). Taking these aspects into
account, the participant group will consist of female undergraduate students from the City of
Glasgow conurbation who will self-select their partners based on standardised photographs.
These restrictions on the participant pool serve as proxies for the features outlined above in
order to elicit as large a degree of accommodation as possible. The acoustic data is transcribed
and analysed for changes in voice-onset-time (VOT), vowel formants (F1 and F2), fundamen-
tal frequency (F0) and speech rate. The signals from each recording domain are correlated
between speakers such that for each speaker dyad there are correlations for acoustic only data,
EEG only data and for data across modalities (ie. EEG-Acoustic). In this way, the interactive
and interdependent nature of conversation can be captured in relation to the phonetic and
neural processes which are involved.

It is hypothesised that over the course of the interaction, signals from all recording domains
will trend towards one another. If the signals tend toward one another irrespective of record-
ing domain, it will provide evidence suggesting a strongly coupled link between the acoustic
speech signal and ongoing brain processes. However, even if correlations can only be found
within the same recording domains, this will still go some way to illuminating the link between
phonetic adaptation and neural processing of interdependent conversational speech. If these
predictions are supported by the data then this will provide support for theories of mental
alignment in order to aid communication and social cohesion, along with the demonstration
of a possible root for this alignment in fine-grained phonetic features of speech. Importantly,
it will derive its evidence from a dynamic and ecologically valid conversational setting.
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Breathing and speech planning in turn-taking 
Francisco Torreira, Sara Bögels & Stephen C. Levinson 

Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands 

In conversation, turn transitions between speakers often occur smoothly, usually within a time 
window of a few hundred milliseconds (Stivers et al., 2009). Since planning and producing a simple 
word takes around 600 ms (Levelt et al., 1999), it has been argued that conversational participants 
must start planning their utterance in overlap with their interlocutor’s turn to achieve smooth turn 
transitions (Levinson 2013). In order to avoid overlaps and long gaps, speakers must also time their 
utterances accurately with respect to the end of their interlocutor’s turn. However, direct evidence 
of early speech planning and accurate turn-end identification in conversation still remains scarce. In 
this talk, we present preliminary data from a project aimed at investigating whether the breathing 
behavior of conversational participants can provide such evidence. While previous studies on read 
speech have identified a relationship between breathing behavior and utterance duration (Whalen & 
Kinsella-Shaw, 1996; Fuchs et al., 2013), it remains to be investigated whether breathing behavior 
can be informative about speech planning in conversational speech as well. 
   Six dyadic unscripted conversations between Dutch male friends were recorded with head-
mounted microphones and an InductotraceTM system of inductive plethysmography for around 40 
minutes each. Each participant wore an Inductotrace band attached around his chest at the level of 
the axilla and a head mounted-microphone coupled to an amplifier. The speech and breathing 
signals were recorded simultaneously via an A/D converter connected to a computer. 
   We extracted and segmented 144 question and answer sequences from our data, and annotated all 
answerer’s inbreaths that occurred between the start of the question and the start of the answer. We 
then examined a) if a relationship exists between the answerer’s breathing behavior and the length 
of the answer, as has been found for read speech, and b) the timing of the answerer’s inbreath 
relative to the end of the question (i.e. the moment when an answer is expected).  
   We found that 37% of the answers were not preceded by an inbreath, and, interestingly, that the 
presence vs. absence of an inbreath before the answer was related to the length of the answer. 
Figure 1 shows boxplots of answer duration for answers preceded and not preceded by an inbreath. 
It can be seen in this figure that answers preceded by an inbreath tended to be significantly longer 
than answers not preceded by an inbreath. This difference was statistically significant in a 
regression model with answer length as response and the presence of an inbreath as a predictor (  = 
1087, t = 3.88, p < .001). It indicates that, as in controlled read speech, speakers’ breathing behavior 
can be informative about the scope of speech planning in conversational speech as well. 
   Regarding the timing of the answerer’s inbreaths relative to the questioner’s turn end, we 
observed that the most frequent timing (i.e. the mode of the distribution) was located at the end of 
the question. This is illustrated in Figure 2a, which shows a density plot of this measure. It can also 
be seen in this figure that the distribution of inbreath timings is skewed to the left, with more 
inbreaths starting in overlap with the question (with negative values) than in the gap following the 
question (with positive values). Subsequent inspection of early vs. late inbreaths revealed that 
inbreaths occurring before long answers, for which inbreaths are presumably required, tended to 
cluster closely around the end of the question, whereas inbreaths preceding short answers displayed 
a wider spread and earlier timings in general. This is illustrated in Figure 2b, which shows the 
timing of inbreaths for answers shorter and longer than 2.5 s. These observations suggest that many 
of the early inbreaths could be vital or partly-vital inbreaths not primarily intended for speech, and 
that it is the late inbreaths that could be more specifically designed for speech. In our question and 
answer sequences, therefore, the timing of speech inbreaths before the longer answer appears to be 
sensitive to where precisely the question ends. 
   Additionally, given that preparing an inbreath requires at least a few hundred ms (i.e. activation of 
internal intercostals alone requires 140 to 320 ms, Draper et al. 1960) and that speech inbreaths are 
contingent on the planned length of the answer, the fact that inbreaths mostly occur close to or 
before the end of the question provides evidence that participants in a conversation often start 
planning their speech in overlap with their interlocutors’ turn. 



Figure 1 Answer duration as a function of the presence or absence of an inbreath before the answer. 

Figure 2 Answerer’s inbreath start relative to question end (ms), divided in two groups of answer 
duration in the right panel (dashed: > 2500 ms; solid: < 2500 ms).

References
Draper, M. H., Ladefoged, P., and Whitteridge, D. (1960) Expiratory pressures and airflow during 
speech. British Medical Journal, 1(5189): 1837–1842. 
Fuchs, S., Petrone, C., Krivokapic, J., and Hoole, P. (2013). Acoustic and respiratory evidence for 
utterance planning in German. Journal of Phonetics, 41(1):29–47. 
Levelt, W., Roelofs, A., and Meyer, A. (1999). A theory of lexical access in speech production. 
Behavioral and Brain Sciences, 22(1):1–37. 
Levinson, S. C. (2013). Action formation and ascription. In Stivers, T. and Sidnell, J., editors, 
Handbook of Conversation Analysis, pages 103–130. Wiley-Blackwell. 
Stivers, T., Enfield, N. J., Brown, P., Englert, C., Hayashi, M., Heinemann, T., Hoymann, G.,     
Rossano, F., de Ruiter, J. P., Yoon, K.-E., and Levinson, S. C. (2009). Universals and cultural 
variation in turn-taking in conversation. PNAS, 106(26):10587–10592. 
Whalen, D. H. and Kinsella-Shaw, J. M. (1997). Exploring the relationship of inspiration duration 
to utterance duration. Phonetica, 54:138–152. 

FALSE TRUE

0
20

00
40

00
60

00
80

00

PRESENCE OF AN INBREATH BEFORE ANSWER

A
N

S
W

E
R

 D
U

R
A

TI
O

N
 (m

s)

INBREATH START TO QUESTION END (ms)

D
en

si
ty

0e+00

1e-04

2e-04

3e-04

4e-04

5e-04

6e-04

-3000 -2000 -1000 0 1000 2000

INBREATH START TO QUESTION END (ms)

D
en

si
ty

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

-3000 -2000 -1000 0 1000 2000







Listening tongues:  
An EMA and EPG study on tongue movements during the perception of 

speech 
 

Melanie Weirich1, Susanne Fuchs2 & Adrian P. Simpson1  
1Institut für Germanistische Sprachwissenschaft, Friedrich-Schiller-Universität Jena 

Zentrum für Allgemeine Sprachwissenschaft, Berlin 
melanie.weirich@uni-jena.de 

 
Recent investigations in inter-personal coordination have found that humans can adapt 

their behavior to each other (hereafter convergence), for instance, over the course of a 
dialogue. One fundamental question arising from the pure observation of this phenomenon is 
how and why is this possible? The answers are manifold and mostly depend on the theoretical 
framework of a) how speech production, perception, and processing are linked, b) how 
flexible units in the lexicon are and what is stored (Goldinger, 1998), and c) what contribution 
the social relation between interlocutors plays (Giles & Coupland, 1991). In our studies we 
will focus on the first account. Yuen et al. (2010) showed on the basis of electropalatographic 
(EPG) data that articulatory movements are active during speech perception. The authors 
suggested that the articulatory information “is activated automatically and involuntarily in 
speech perception” (p. 595). Such a proposal is in agreement with Pulvermüller & Fadiga 
(2010) summarizing the link between action and perception at the neural level. It is also in 
agreement with work by Watkins & Paus (2004), Watkins et al. (2003) and Fadiga et al. 
(2002) who found increased excitability of the speech motor system during speech perception, 
even if no output is produced. Hickock (2010) argues strongly against the mandatory 
activation of motor areas during speech perception, especially because there is clinical 
evidence that in some cases speech perception can be completely intact although speech 
production may be disordered. 

An EMA (Electromagnetic Articulograph) study was conducted analyzing listeners’ 
tongue movements during the perception of speech. 5 speakers (2 male and 3 female) were 
recorded while listening to questions by the experimenter (e.g. “Did you look at Gabi or 
Gabbi?”) which they were subsequently required to reply with a pre-defined answer (“I 
looked at GABI.”). This question-answer-paradigm was used to trigger contrastive accent 
realizations (which are not the focus of this study). The speech material is part of a bigger 
corpus and contains the name /GVbi/ with the vowel being /i:  e:  a: a o:  u:/ or / /. Each 
target word was repeated 10 times and while subjects were recorded during listening and 
speaking, here, we will concentrate on the tongue movement during listening. 

Results reveal tongue movements during listening in alignment with the accented 
syllables (as shown in Figure 1) in 105/500 (10 vowels * 10 repetitions * 5 speaker) trials. 
There seems to be no strong influence of vowel, but most instances were found for the 
Giebi/Gibbi question (28/105). While the absolute amount is subject-specific (it ranges from 3 
to 42/100), overall, the majority of instances of alignment of perceived accent and articulatory 
movements was found at the beginning of the experiment (over 50% during repetitions 1-3, 
cf. Figure 2). These findings point to a strong connection between speech production and 
perception, and the variation due to repetition number does not point to a reaction in terms of 
convergence. By contrast, it seems that the processing load plays a role, in the way that more 
tongue movement is found during a new incoming signal (with a higher load) than during a 
known repetition. Here, the possible role of learning comes to the fore.  
 
 
 

 
 
 
 



Figure 1: Oscillogram, spectrogram and vertical (thin lines) 
and horizontal (thick lines) movement of tongue mid (yellow) 
and tongue back (green) for one subject during listening to the 
question “Sahst du Giebi oder Gibbi an”.  
 

 

Figure 2: Distribution of occasions with aligned 
tongue movements during listening of all 
speakers (in percent) for repetitions 1 -10  
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However, a critical point of this EMA study is that listeners could see their answers and thus 
the target word while they were listening to the questions. A potential consequence is that 
participants compared what they heard with what they should read and this might have 
influenced the tongue movements. Therefore, a second experiment with EPG is currently 
being conducted. This second study addresses this drawback by changing the methodology: 
Subjects are asked questions with two words under contrastive focus as in the first study, 
however, this time they cannot read their answers. Instead, after listening to the question they 
are shown a number (1 or 2), which signifies what their answer should be (target word 1 or 2). 
In this way, the cognitive load is increased and participants have to concentrate on 
memorizing the two words and their order. If we still find tongue movement during listening, 
this cannot result from silent reading and comparing words but is rather only due to the 
perception of speech. The speech material comprises high vowels, alveolar stops and sibilants 
(i.e. sounds with tongue palate contact at the hard palate) and includes nonsense words and 
high frequency words. We predict we will find more tongue movement in the nonsense words 
(where the cognitive load is higher) if learning plays a role. Also, as in the EMA study, 
tongue movements should be more likely in the first repetitions than at the end. 
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Coordination across task and event domains

correlation map analysis 
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Cree drumming and singing  

optical flow analysis . regions of interest ,

Fig. 1. 2D motion (velocity) of two drummers summed within ROI (box). Instantaneous correlation is 
plotted as a function of temporal offset. The histogram shows positive correlations (r > .3), the small 
peaks index the father’s bimodal downstroke. The entire correlation map is plotted in the lower panel.



Vocal effort

soft yell center of pressure 

Fig 2. Left: mean hit (% r > .5) results of CMA for differ-ent 
speaking contexts: soft, “normal”, loud, louder, and yell. 
Lower right: temporal offset means and variance (stdev) of 
tracked path of maximum correlation (maxcorr) for center of 
pressure (COP) and fundamental frequency (F0).
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Spectral similarity and listener judgments of phonetic accommodation

A fundamental problem in studies of phonetic accommodation is knowing what to mea-
sure to properly assess the degree of convergence between interlocutors. Hand-selecting
acoustic parameters (e.g., F1, F2, duration) may miss the relevant parameters. On the
other hand, if accommodation is a strategy used in real-world communication or if it is has
implications for sound change, the role of listener judgments of accommodation is critical.
Thus, many researchers rely on listener judgments of similarity, typically implementing an
AXB listening task. Listener-based experiments, however, are costly and time consuming.
Given these issues, there is a strong desire in the field to have a reliable holistic acoustic
measure of convergence. To date there has been some use of more general acoustic mea-
sures of similarity. For example, Delvaux and Soquet (2007) based their analysis on mel
frequency cepstral coefficients (MFCCs), finding evidence for convergence. Lewandowski
(2012) used a measure of spectral similarity that averaged cross-correlation values from am-
plitude envelopes in four logarithmically spaced frequency bands in a range of 80-7800Hz.
This method also proved fruitful in her analysis, showing that participants with increased
“phonetic talent” accommodated their interlocutor more.

No study, however, has compared a holistic measure of spectral similarity to listener
judgments, nor has a study compared different measures of spectral similarity. In this paper
we compare three types of measures of spectral similarity and their relationship to listener
judgments across two data sets of single word productions from auditory naming tasks. To
assess phonetic distance we used a dynamic time warping algorithm using (1) spectrograms
and (2) 12 MFCCs derived from the spectra of those spectrograms. Both of these are
asymmetric distance functions, meaning that we compare shadower-to-model distance and
model-to-shadower distance. We also used (3) the amplitude envelope similarity measure
from Lewandowski using 4 and 8 frequency bands. We intend to also test 16 frequency
bands and ERB bands.

Our listener-based data sets are from Babel, McGuire, Walters, and Nicholls (in press)
and Babel, McAuliffe, and Haber (2013). Babel et al. (in press) reports on single word
accommodation in North American English (NAE) speaking shadowers and NAE-speaking
AXB listeners. Babel et al. (2013) was a study of New Zealand shadowers who were
presented with an Australian model – the AXB listeners in this study spoke Canadian
English. We have also recruited AXB listeners (n=93) in New Zealand for these data;
this offers the crucial comparison of whether the spectral measures better align with the
NZ listeners or the Canadian listeners. Given that the spectral measures are linguistically
naive, we predict that the spectral similarity measures will correlate more strongly with
the responses from the Canadian listeners who are also linguistically naive with respect to
what constitutes similarity in Antipodean dialects.

In the interest of space, we focus on the results comparing spectral measures to listener
judgments for the NZ data from Babel et al. (2013), and highlight those spectral measures
which also correlated with listeners’ judgments with the NAE-speaking data set from Ba-
bel et al. (in press). First, we established that Canadian listeners’ judgments were well
correlated with NZ listeners’ judgments [t(1430) = 19.3, p < 0.001, r = 0.45]. The 4-band
and 8-band amplitude envelope similarity measures correlated with listener judgments from
both populations with the 8-band analysis correlating more strongly: Canadian listeners
and 8-bands [t(1430) = 11.09, p < 0.001, r=0.28], New Zealand listeners and 8-bands
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(a) Canadian listeners’ judgments of similarity.
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(b) New Zealand listeners’ judgments of similarity.

[t(1430) = 7.6, p < 0.001, r = 0.20]. These results are shown in the figures above. A r-to-z
Fisher transformation showed the correlation was stronger for the Canadian listeners (p <
0.05), perhaps due to linguistic naivety on the part of both the listeners and the spectral
measures.

All spectral measures of similarity which correlated with listeners’ judgments indicated
convergence in their own right as well, while spectral measures which did not correlate
with listener judgments did not (e.g., the MFCC analyses).

In short, not all of the acoustic measures of spectral similarity correlate with listeners’
judgments of convergence, and those that do, do not correlate very strongly. This throws
a wrench in the hopes of finding a singular spectral measure of similarity to replace the
role of listeners in assessing convergence. Understanding what listeners attend to in exper-
imental settings is of crucial importance not just for studies of phonetic accommodation,
but also more generally for studies of speech. As experimenters move away from simple cue
trading experiments to larger scale, more naturalistic studies, the production-to-perception
mapping becomes more complex. Thus, understanding the usefulness of holistic measures
of the speech signal is vital.
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Convergence in bilingual rhythm 

Current models of second language speech learning (Best & Tyler, 2007; Flege, 1995) account 
for cross-language variability based on vowel and consonant production, but to date we lack 
information on their applicability to prosodic units such as speech rhythm. By ‘rhythm’, we refer 
to how weak and strong units of prosodic structure are timed in speech. In this presentation we 
examine rhythm data for native speakers of Spanish (syllable-timed language) who are highly 
proficient learners of English (stress-timed language). Specifically, we ask if individual speakers 
converge, or become more similar, in the rhythm values they produce in their L1 and L2. There 
is evidence that bilingual speakers are influenced by their L1 in L2 rhythm production (White & 
Mattys, 2007), but we have little information on whether there are comparable L2 L1 effects. 

Fifteen speakers participated in a sentence reading task. Five NSs of Peninsular Spanish read 
aloud sentences in Spanish, five native speakers of American English read aloud sentences in 
English, and five Spanish-speaking L2 learners of English read aloud sentences in Spanish and 
English. The bilingual speakers were native speakers of Peninsular Spanish who are highly 
proficient L2 learners of English. The test sentences were taken from Arvaniti (2012), the most 
up-to-date study on the rhythm metrics in Spanish and English. Acoustic analysis was carried out 
in Praat (Boersma & Weenink, 2013). For each sentence, six rhythm metrics were calculated: 
%V, SD-V, Varco-V, nPVI-v, SD-C, and Varco-C. These metrics are commonly used in the 
experimental literature to quantify rhythm differences across languages (Arvaniti, 2009; 2012; 
Dellwo, 2006; Grabe & Low, 2002; Prieto et al., 2011; Ramus, 2002).

We highlight three noteworthy results. First, when comparing monolingual Spanish and English 
speaker groups, differences on all rhythm metrics were statistically significant, as expected (see 
Figures 1-6). Second, for all measures except SD-C, bilinguals show intermediate values 
between both monolingual control groups. In other words, their rhythm metrics showed 
statistical difference when compared to both monolingual groups. The implication is that 
bilingual L1 and L2 rhythms have converged into a shared phonological space. Third, for all 
measures except Varco-C, bilinguals show statistically separate values in their L1 and L2 
rhythms. Follow-up individual analyses confirm this trend for all bilingual speakers.

In summary, Spanish-English bilinguals show converged, but separate rhythm values in their L1 
and L2. The finding that bilingual speakers maintain a contrast in rhythm properties in English 
and Spanish suggests cross-language dissimilation (Flege, 1995). However, we also show that 
speakers display intermediate values between those of English and Spanish monolinguals in both 
languages, suggesting phonetic convergence in the bilingual grammar. To the best of our 
knowledge, this is the first study to indicate that bilingual speakers show bidirectional influences 
(i.e., mutual convergence) in their L1 and their L2 rhythms.  Finally, we propose a working 
model of second language rhythm based on the notion of the ‘phonetic syllable’ (Dupoux, 2001) 
as a category within L2 speech learning. 



FIGURES: ENGLISH (monolingual English speakers); BIL_ENGLISH (Bilingual speakers in English); 
BIL_SPANISH (Bilingual speakers in Spanish); SPANISH (monolingual Spanish speakers

Fig. 1: %V across four language groups Fig. 2: SD-V across four language groups 

Fig 3: Varco-V across four language groups Fig. 4: nPVI-V across four language groups 

Fig. 5: SD-C across four language groups Fig. 6: Varco-C across four language groups 
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People's linguistic representations are shaped by the input from the environment. 

Exposure to speech with certain characteristics can thus influence individuals' later 

perception both when processing the speech of the same speaker (Norris, McQueen & Cutler, 

2003) and when processing the speech of another speaker (Kraljic & Samuel, 2007). Not all 

speakers and situations, however, are equally reliable and representative, and individuals 

seem to be sensitive to this variation when learning from the environment. Thus, listeners do 

not change their phonological representations in accordance with input provided by a speaker 

holding a pen in her mouth even though they change their representations after exposure to 

the exact same tokens when the speaker does not seem to have any obstruents in her mouth 

(Kraljic, Brennan & Samuel, 2008). The question we investigate in this study is whether 

listeners similarly adjust their representation in accordance with input provided by reliable, 

but not by unreliable speakers, and in particular, whether listeners’ representations are 

therefore influenced by the speech of native, but not by the speech of non-native speakers. 

One-hundred-fifty-nine native French speakers selected pictures according to 

recorded instructions in French provided by a native French speaker or a native Dutch 

speaker. Half of the participants in each speaker condition heard /b/s whose Voice Onset 

Times were imperceptibly modified, and unmodified /p/s. The other half heard imperceptibly 

modified /p/s and unmodified /b/s. Dutch and French are both short-lag languages, and the 

two speakers' unmodified VOTs did not differ from one another. Following the picture 

selection task, participants performed a phoneme categorization task with either the same 



speaker or with a new native French speaker. Results show that only participants in both 

conditions showed adaptation when tested with the same speaker but only those who listened 

to the native speaker generalized their learning to a new speaker.

These results indicate that people are indeed sensitive to the reliability of the input 

and do not adapt their representations according to input that is perceived to be unreliable. 

The results also provide evidence for a disassociation between adaptation to the characteristic 

of specific speakers and adjustment of linguistic representations in general based on these 

learned characteristics, as participants were able to adapt to specific speakers without 

generalizing the learning.

This study also has implications for theories of language change, as theories of 

substratum language influence propose that a large proportion of non-native speakers in a 

community can bring about linguistic changes. The results of this study constrain this 

possibility.

References

Kraljic, T. & Samuel, A.G. (2007). Perceptual adjustments to multiple speakers. Journal

of Memory and Language, 56, 1-15.

Kraljic, T., Brennan, S.E., & Samuel, A.G. (2008). Accommodating variation: Dialects,

idiolects, and speech processing. Cognition, 107, 1, 51-81.

Norris, D., McQueen, J. M., & Cutler, A. (2003). Perceptual learning in speech. Cognitive

Psychology, 47, 2, 204-238. 



Interlocutors’ speech rates converge:  
The effects of fast and slow confederate speech rates 

Benjamin G. Schultz1, Irena O’Brien1,2, Natalie Phillips2,3, David McFarland2,4, Deborah Titone1,2,

& Caroline Palmer1,2

1McGill University, 2Centre for Research on Brain, Language, and Music, 3Concordia University, 4University of Montreal

INTRODUCTION 

When interlocutors engage in speech with one another, 
they often change their behavior to conform to the 
behaviors of the partner or group (Giles, 1977). This is 
called accommodation. It has been shown that the speech 
of conversational partners can converge in accent (Giles, 
1977), pitch (Bosshardt, Sappok, Knipschild, & 
Holscher, 1997), and intensity (Huber, 2008). The 
convergence of speech rate within conversations, 
however, has received less attention (but see Jungers, 
Palmer, & Speer, 2002 for speech rate priming from 
audio recordings). The present study examined the 
convergence of speech rate in scripted dialogues read by 
a confederate and participants. The confederate spoke at 
either a fast (6 syllables per second) or slow (3 syllables 
per second) rate.  

A beat tracking algorithm (Ellis, 2007) was applied to 
acoustic data to measure speech rate through the 
dependent variable inter-beat interval (IBI), defined as 
the temporal interval between successive stressed 
syllables. Syllable stress was measured as energy 
summed across frequency bands that are perceptually 
salient to humans. 

METHOD 

Participants  
McGill University undergraduate students (N = 38) with 
North American English as their first language were 
recruited. Participants (P) had a mean age of 20.7 years 
(SD = 2.48, range = 18-30 years), and 35 participants 
were female (three male). The Confederate (C) was a 
female, McGill University undergraduate of 21 years 
who spoke North American English. None of the 
Participants were aware that the Confederate was a 
Confederate as indicated by verbal questioning of the 
Participant at the end of the experiment. 

Stimuli
Two scripts were used for the dialogues: excerpts from 
Death of a Salesman (Arthur Miller, 1949) and The 
Importance of Being Earnest (Oscar Wilde, 1908). Half 
of the Ps received Death of a Salesman in the Fast 
condition, and The Importance of Being Earnest in the 
Slow condition, and the other half received the reverse. 
The C always produced the first utterance of  
the dialogue. 
 
Procedure
The P was introduced to the C under the guise that the 
confederate was another participant. The P then read the 
two scripted dialogues with the C in the two confederate 
speech rate conditions (Fast and Slow). For each of the 
Speed conditions, the C was trained to a metronome rate 
prior to speaking with the P. The C entered the room 
with a caffeinated energy drink for the Fast condition to 
provide a cover story for the different speech rate. 

RESULTS & DISCUSSION 

Effects of confederate speech rate
To test that Ps’ speech rates were faster in the Fast 
condition compared to the Slow condition, a repeated-
measures ANOVA was conducted on mean IBI values 
(collapsed across utterances) with Role (P, C) and Speed 
(Fast, Slow) as within-subjects variables. There were 
significant main effects of Role, Speed, and a significant 
interaction (ps < .01). Pair-wise comparisons between 
Fast and Slow conditions (see Figure 1a) for the P and C 
indicated that IBIs were smaller (i.e., faster) in the Fast 
condition compared to the Slow condition for Ps and the 
C (ps < .01). This result suggests that the speech rate of 
the C influenced the speech rate of the Ps. 

  



 

Figure 1. a) Mean inter-eat interval (IBI) across utterances for the Participant (P) and Confederate (C) in Fast and Slow 
conditions. b) Mean absolute difference between the IBI of the P and C for Fast and Slow conditions for the first (Start), 
Middle, and final (End) eight utterances. c) Mean cross-correlation coefficients between IBIs of the P and C at Lags +1, 0, 
and  -1. Chance levels were calculated using jackknifing techniques. Error bars represent standard error of the mean. 

Convergence of speech rate  
To test that speech rates converged during the dialogue, 
the absolute difference between the IBI of the P and C 
for each utterance was calculated. The mean absolute IBI 
difference for the first (Start), Middle, and final (End) 
eight utterances were calculated to create the variable 
Section. There were significant main effects of Speed 
and Section (ps < .01) and no significant interaction  
(p = .88). As shown in Figure 1b, absolute IBI 
differences decreased over Sections for both Fast and 
Slow Speed conditions, suggesting that the speech rate 
of the P and C converged during the dialogue. 

Cross-correlational analyses 
To test the influence of the P and C on each other’s 
speech rate, cross-correlational (XC) analyses were 
conducted on the IBIs in each dialogue. Lag 0 was the 
XC of C’s nth utterance with P’s nth utterance. Lag +1 
was the XC of the C’s nth utterance with the P’s nth+1
utterance. Lag -1 was the XC of the C’s nth utterance 
with the P’s nth-1 utterance. Lags 0 and +1 represented 
the influence of the C’s speech rate on P’s, and Lag -1 
represented the influence of the P’s speech rate on the 
C’s. As shown in Figure 1c, Lags 0 and +1 were 
significantly higher than Lag -1 (ps < .001). Chance 
levels were estimated using jackknifing techniques 
(Quenouille, 1949). Lags +1, 0, and -1 were all 
significantly greater than chance (ps < .01). These results 
suggest that the C had a greater influence on the speech 
rate of Ps than vice-versa, but that Ps still had a 
significant influence over the speech rate of the C.  

 

CONCLUSIONS 

This experiment tested whether speech rate, as measured 
by a beat tracking algorithm, converges during a scripted 
conversation with a confederate. Results showed that 
speech rate converged, thus supporting the speech 
accommodation theory (Giles, 1977). Furthermore, there 
was evidence for mutual adaptation of speech rate; there 
was a bidirectional influence of the confederate’s and 
participants’ speech rates. Results are interpreted 
through the dynamic attending theory (Jones & Boltz, 
1989) that posits that partners within a joint task should 
synchronize and adapt to each other’s rates.  
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