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Physiological rhythms are sensitive to social interactions and could contribute

to defining social rhythms. Nevertheless, our knowledge of the implications

of breathing in conversational turn exchanges remains limited. In this paper,

we addressed the idea that breathing may contribute to timing and coordi-

nation between dialogue partners. The relationships between turns and

breathing were analysed in unconstrained face-to-face conversations involving

female speakers. No overall relationship between breathing and turn-taking

rates was observed, as breathing rate was specific to the subjects’ activity in

dialogue (listening versus taking the turn versus holding the turn). A general

inter-personal coordination of breathing over the whole conversation was not

evident. However, specific coordinative patterns were observed in shorter

time-windows when participants engaged in taking turns. The type of turn-

taking had an effect on the respective coordination in breathing. Most of the

smooth and interrupted turns were taken just after an inhalation, with specific

profiles of alignment to partner breathing. Unsuccessful attempts to take the

turn were initiated late in the exhalation phase and with no clear inter-personal

coordination. Finally, breathing profiles at turn-taking were different than

those at turn-holding. The results support the idea that breathing is actively

involved in turn-taking and turn-holding.
1. Introduction
When two people talk to each other, they regularly exchange roles from speaker

to listener. In most cases, such exchanges occur smoothly, avoiding gaps

and overlaps in conversation. This ‘apportioning of who is to speak next and

when’ is ‘a fundamental part of the infrastructure of the conversation’,

known as ‘turn-taking’ [1, p. 10 587]. Turn-taking constitutes the ‘oscillating

rhythm of conversation’ [2, p. 9] and has been extensively investigated in pre-

vious research. The conception of conversation as a joint activity [3,4] has

motivated the study of inter-personal behaviours involved in conversation,

and their potential links to turn-taking. Physiological rhythms are involved in

social interaction (e.g. [5–7]). However, few studies have empirically investi-

gated the relationship between breathing and turn-taking in spontaneous

conversation [8]. Building on previous research on breathing during oral com-

munication and joint activities involving oral production, this study reports the

results of an experiment investigating breathing in unconstrained face-to-face

conversations involving female native German speakers.

(a) Breathing cycles at rest and during speech production
At rest, every 5 s on average, our respiratory muscles contract automatically to

expand our chest cavity, decreasing pressure in the lungs and drawing air in

(inhalation phase). Owing to elastic recoil forces, respiratory muscles then

return to their resting position, progressively decreasing the volume of the

chest cavity and moving air out of the lungs (exhalation phase) [9]. Successive

inhalation and exhalation constitute the breathing cycle, a fundamental rhyth-

mic unit of our organism. At rest, breathing cycles are relatively regular and
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symmetrical with respect to the duration of inhalation and

exhalation phases and to the volume of the air inhaled and

exhaled. This profile changes during speech production,

based on the involvement of specific neural networks to

control the respiratory muscles [10,11].

When we speak, we take short and fast inhalations (which

last half a second, on average). We then exhale slowly, for

several seconds, in synchrony with the speech flow. This

gives speech breathing its well-known asymmetrical profile

[12–14]. Breathing cycles in speech are also irregular: the

depth and duration of inhalation and exhalation vary as a

function of the utterance produced over the course of the

exhalation phase. Longer utterances involve longer exhala-

tion, and also tend to be preceded by longer and deeper

inhalations [15–21]. In addition, inhalation pauses are coordi-

nated with the linguistic structure of the text: speakers mainly

take breaths at syntactic boundaries. Moreover, the volume

and duration of inhalation are related to these syntactic consti-

tuents (e.g. inhalation is greater before a main clause than an

embedded clause). These properties are observed in read

speech [16,17,19,20,22] and, to a lesser extent, in spontaneous

speech [18,19,21]. These results show that, at least during mono-

logue, the respiratory system works in coordination with speech

and language constraints, and that our oral communicative

ability is closely linked to the respiratory function.

(b) Inter-personal coordination in breathing during
listening, reading and singing

Research on breathing behaviour while listening to speech pro-

vides us with some preliminary indications as to inter-personal

influences on breathing, with pioneering work on the topic

having been carried out over 50 years ago. For example,

Ainsworth [23] found that breathing is more variable when lis-

tening to stuttered than normal speech. In another study,

Brown [24] characterized breathing while listening to speech

as compared to vegetative breathing, via a task that involved

listening to live speech produced by a female speaker sitting

in front of listener participants. The analyses showed an

increase in breathing rate during listening compared to vegeta-

tive breathing. The results also showed some correlation of

the rate and depth of breathing between the listener and the

speaker. However, this study did not provide any indication

that the modification of breathing during listening supported

a specific adaptation of listener breathing towards speaker

breathing. Garssen [25] addressed respiratory synchronization

between subjects watching videos of medical interviews and a

model of patient involved in the interviews. The analyses

mainly focused on a single ‘patient’ who demonstrated deep,

slow and audible respiration. Synchronization between the

subject’s and patient’s breathing occurred locally—e.g. it was

limited to short time-windows and was globally weak. In a pre-

vious study [26], we observed that when listening to a female

reader, the breathing rate of a female listener increased when

the reader increased her vocal effort, and decreased when the

reader spoke slower as compared with normal speech.

Although changes in listener breathing often followed in the

direction of speaker breathing, they did not completely

mirror it. Moreover, analysis of the temporal alignment of the

listener’s breathing cycle to the reader’s breathing cycle did

not provide any evidence of overall synchronization.

In these studies of breathing during listening to speech,

no overall imitation or coordination of breathing was found
between listeners and speakers. This suggests that respiratory

rhythm is sensitive to speech stimuli, and probably to atten-

tion or mental effort [25,26], but that listeners may not

coordinate their breathing with speakers’. This result could

be due to the fact that pure listening tasks require neither

direct interaction nor joint action.

Few studies have characterized inter-personal coordination

of breathing in joint activity involving vocal production. Bailly

et al. [27] investigated synchronization in breathing in male and

female dyads, during three reading conditions with increasing

constraints on coordination: reading paragraphs in alternation,

reading sentences in alternation and synchronous reading.

The strongest in-phase coordination profile was found during

synchronous reading. Reading sentences in alternation led

to an anti-phase coordination of breathing, while reading

paragraphs in alternation did not reveal consistent overall

coordination. Müller & Lindenberger [28] studied inter-per-

sonal synchronization of breathing during choral singing.

They found more synchronization when singing in unison

than when singing with multiple voice parts, and a close

coordination between the conductor and the choir singers,

with the lead taken by the conductor.

Hence, people align their breathing when required to speak

or sing synchronously. In both cases, respiratory rhythm

becomes similar among different people because they have to

fulfil the same task at the same time; with breathing behaviour

being, to a large extent, determined by task.

(c) Turn-taking and inter-personal breathing during
conversation

Turn-taking is one of the most salient features in unconstrained

conversation and gives rhythm to the conversation [1,29].

During dialogue, tasks are organized by the exchange of

turns between interlocutors. While conversational turns are

classifiable into different categories, for this paper we con-

sidered the classification introduced by Beattie [29] (see also

[30,31]). This classification distinguishes turn-taking types

based on the success of taking a turn, the presence or absence

of interruptions from the other person, and any overlap that

occurs between turns. In general, turns are taken smoothly,

without interruptions from conversational partners (smooth
turns, [1,32]). In spontaneous dialogue, however, people regu-

larly interrupt each other successfully (interruptions, [30,31]) or

unsuccessfully (butting-in, [30,31]). Each kind of turn can

potentially include overlaps or not (e.g. interruption may

occur during a pause; smooth turns may start before the

other person has totally finished). In this classification, a final

category, backchannel, corresponds to speech events produced

by the listener as feedback to the speaker, such as ‘yes’,

‘yeah’, ‘mhm’, etc. This category is not turn-taking in a strict

sense, as the listener is not trying to take the turn but rather

indicates to the speaker that she is expecting her to continue.

As in McFarland [8], backchannels were therefore considered

as part of the listening phase in the current study.

Some authors [8,33] suggest that breathing may contrib-

ute to the timing of conversation and, in particular, could

be related to turn-taking [8]. According to Guaı̈tella [34],

breathing may adapt to the rhythmic organization of dialo-

gue, but dialogue may also be constrained by the limits of

respiratory rhythm. She also hypothesized that dialogue

rhythm may rest on an implicit knowledge of the duration

of the exhalation phase. This implicit knowledge may
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indicate to the listener when the speaker will take an inhala-

tion pause, providing an opportunity to take the turn.

Experimental evidence for these suggestions is sparse, how-

ever, due to the small number of studies that have directly

investigated breathing in dialogue.

Warner et al. [33] addressed the relationship between vocal

activity and respiratory oscillations in speakers involved in

spontaneous face-to-face conversation. For each speaker, the

major low-frequency oscillation in vocal activity was related

to the major low-frequency oscillation in respiration. Mutual

entrainment of vocalization and respiration was found to

be subject-specific and evident for one subject only. Further

analyses of inter-personal behaviour demonstrated a close

coordination of vocalizations between dialogue partners:

when speaker 1 produced periods of high vocal activity (long

utterances and short pauses), speaker 2 realized periods of

low vocal activity (short utterances and long pauses). While

the relationship between turn-taking and breathing was not

addressed in this study, and analysis of inter-personal coordi-

nation of breathing was not provided, the authors did not find

evidence of mutual entrainment in breathing oscillations

between conversation partners.

Warner et al. reported an overall analysis of coordinative

profiles, regardless of dialogue phases. Other studies have

characterized breathing in dialogue more locally, according

to dialogue events [8,34,35]. The results of these studies show

different breathing profiles during both the speaking and

listening phases of dialogue. Contrasting with monologue

studies [18,19,21], they also reported a lack of relationship

between the duration of speech utterances and inhalation

pauses [34,35]. These studies [34,35], however, involved a

single dyad. To our knowledge, McFarland [8] is the only

study to have characterized the breathing cycle and the inter-

personal coordination of breathing in relation to turn-taking.

The study included 10 female dyads involved in scripted and

spontaneous dialogues, with breathing cycles identified by

rib-cage displacements and characterized by the duration of

the inhalation and exhalation phases. The author found an

anticipation of turn-taking in listener breathing, visible in the

reduction of the duration of the inhalation phase (i.e. more

speech-like inhalation) when turn-taking approached. This

anticipation was more salient in scripted dialogue than in

spontaneous conversation. This result was due to the lack of

successive silent listening cycles in spontaneous conversation,

as listeners often produced short utterances while listening in

this last case (e.g. backchannels). Using cross-correlation

applied to a restricted window around specific events (laugh-

ter, turn-taking), McFarland found some inter-personal

coordination of breathing when individuals were laughing

together or during turn-taking. Coordination of breathing in

laughter turned out to be mainly in-phase, while breathing at

turn-taking tended to be either in-phase or anti-phase.

Although the author did not categorize turns along their

pragmatic dimension, it may be that such differences in co-

ordination patterns result from different turn types, such as

interruptions and smooth turns.

In summary, breathing adapts to dialogue phases, and inter-

personal coordination of breathing can be observed locally,

during turn-taking [8]. By contrast, global analyses, regardless

of dialogue events, do not show any clear coordination between

partners’ breathing in dialogue [33]. While the idea that the

rhythm of breathing plays a role in the rhythm of dialogue is

an old hypothesis [33,34], we still lack empirical studies of this
phenomenon. This could be explained at least by methodologi-

cal limits, as recording the breathing of two conversational

partners simultaneously requires specific equipment. The aim

of the current study was to improve our knowledge of breathing

in dialogue by providing new individual and inter-individual

analyses of breathing kinematics in spontaneous dialogue.

In particular, we focused our analyses on the idea that breath-

ing could be specifically involved in turn-taking and could

constitute a coordinative unit for turn exchange.
(d) Research approach
Our approach was to analyse breathing kinematics and its

relation to turn-taking in spontaneous conversations invol-

ving eleven female subjects, each talking successively with

the same two female partners. This situation was used to

evaluate changes in subjects’ behaviour according to their

partners (as in [26,27], while [8,33] involved dyads with

different people). The analyses were based on the identifi-

cation of the breathing cycle (e.g. [8,25–27]) and on the

annotation of turns according to their pragmatic function

(e.g. [30,31]). Two groups of analyses were used to better

understand the implication of breathing in turn-taking:

(A) Global analyses, without distinction between the listening

and speaking phases, which evaluated: the relationship

between the breathing rate and the number of turn

exchanges (Analysis A.a); the temporal alignment of a

subject’s breathing to the partner’s breathing (Analysis A.b);

(B) Local analyses, with a distinction between the listening

and speaking phases, and a specific investigation of breath-

ing behaviour at turn-taking. As compared to McFarland

[8], the original aspect of our approach was to distinguish

turns according to their pragmatic function. We also ana-

lysed the breathing cycles occurring inside a turn, when

the speaker needs to inhale but then continues her turn.

We characterized: the relationship between the breathing

cycle and the turn (Analysis B.a); the adaptation of the

breathing cycle according to dialogue events (Analysis

B.b); and the temporal alignment of a subject’s breathing

to their partner’s breathing at turn-taking (Analysis B.c).

In general, the results provide evidence for an adaptation

of breathing in dialogue, which is specific to the dialogue

phase, and in particular to turn-taking. These results extend

our knowledge of respiratory markers of conversational inter-
action [8] and support the idea that breathing is actively

involved in turn-taking.
2. Material and methods
(a) Speakers
The study involved eleven subjects (average age: 31, range 25–46)

and two conversation partners: Partner 1, who was a researcher

(the second author of the paper) aged 42, and Partner 2, who

was a PhD student aged 28. Subjects were undergraduate students

or academics with a university degree. Participants and partners

were all female native German speakers. Only female subjects

were involved in this study to avoid possible confounds arising

from complex effects of gender on dialogue organization [36,37].

The choice to include the same two partners for all subjects con-

trolled for potential changes in subjects’ behaviour according

to partner (similar procedures have previously been used to
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Figure 1. (a) Sample of breathing kinematics from a conversation for one subject and partner. The vertical displacements along the y-axis correspond to normalized
changes (z-scores) in rib cage and abdominal volume with inhalation (upward displacement) and exhalation (downward displacement), and are plotted across time on the
x-axis. Coloured rectangles represent speech inter-pausal units (IPUs). The different phases of the dialogue are indicated on the bottom of the graph (turn-taking, turn-
holding and listening). (b) Schematic representation of a breathing cycle. The breathing cycle was defined from the inhalation onset (here, I_on[i] for the subject and
I_on[ j ] for the partner) to the next inhalation onset (e.g. I_on[iþ1]). In our study, exhalation onset (e.g. E_on[i])) corresponded to the offset of the inhalation phase.
The vertical line indicates the localization of the subject’s inhalation onset in relation to the partner’s breathing cycle (see text for details). (Online version in colour.)
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investigate coordination between speakers and listeners from brain

[38] and breathing [26,27] signals).

(b) Procedure
Each subject had five short conversations (2.5 min each) with each

partner. The subject and partner together chose the topic of conver-

sation, choosing either to continue with the topic or move on to a

new topic from one conversation to the next. During the conversa-

tion, subject and partner were seated facing each other. They were

asked to keep their hands on their knees in order to limit torso and

arm movements, as these movements could strongly interfere with

recording their breathing.

Breathing kinematics were recorded synchronously for the two

speakers by means of two Inductotraces (formerly Respitrace).

This system monitored the expansion (inhalation) and com-

pression (exhalation) of the rib cage and abdomen, which result

from changes in lung volume during breathing [39]. Inductotrace

requires the use of two elastic bands positioned at the level of

the axilla (rib cage) and of the umbilicus (abdomen) on the speak-

ers’ torsos. The acoustic signals were recorded with two directional

microphones coupled with a pre-amplifier. Breathing kinematics

and the acoustic signals for both interlocutors were simultaneously

sampled at 11 030 Hz.

(c) Annotation of dialogue phases
Figure 1a illustrates the annotations of dialogue phases, which

were carried out using acoustic recordings, regardless of respirat-

ory signals, and then superimposed on the breathing signals to

illustrate breathing behaviour during different dialogue phases.

We first distinguished between speech and silence phases by

detecting inter-pausal units (IPUs) ‘as a maximal sequence of

words from one speaker surrounded by silence longer than 50

ms’ [31, p. 3007]. IPUs are represented in figure 1a with back-

ground rectangles. These rectangles thus correspond to the

spoken phases of the dialogue.

A student assistant orthographically transcribed the text associ-

ated with each IPU. The transcription was verified and corrected

where required by a trained phonetician (the second author of the

paper). The phonetician also identified IPUs corresponding to a

backchannel, or to the onset of a new turn (turn-taking, see [31]).

As indicated in figure 1a, backchannels were treated as part of the
listening phase, as in McFarland [8]. A turn-taking IPU corre-

sponded to an IPU by which the speaker tried or managed to take

the turn. Turn-taking IPUs are indicated in figure 1a by continuous

lines with a left-pointing arrow and are detailed below. IPUs that

were neither turn-taking nor backchannel were annotated as

turn-holding (dotted lines with a right-pointing arrow in figure 1a).

A turn-holding IPU thus corresponded to a turn continuation

after a silence greater than 50 ms.

On the basis of these annotations, a full turn was defined as

the interval from a turn-taking IPU to the next turn-taking IPU

by the other speaker. A turn always included at least one turn-

taking IPU and one breathing cycle, but could also include one

or several additional turn-holding IPU(s) and one or more

additional breathing cycle(s) (see figure 1a). Turn-taking IPUs

were classified into three main categories, adapted from previous

work [30,31], that also defined the turn type:

— smooth turn, the speaker took the turn successfully without

interrupting her interlocutor, with or without overlap;

— interruption, the speaker interrupted her interlocutor

successfully;

— butting-in, the speaker tried, but failed, to interrupt her

interlocutor.

Smooth turn-taking sometimes included overlaps in speech—

for instance, when a speaker lengthened the final part of a word

while another speaker had already started to speak. By compari-

son with Beattie and Beňuš et al. [30,31], we did not consider the

‘overlap’ dimension (see ‘Introduction’) to have a significant

number of observations in each category. In particular, pause inter-

ruptions were grouped with overlapped interruptions, and

smooth turns with and without overlaps were grouped together.

Laughter, coughs and sighs were not included in the analysis as

they specifically perturbed breathing kinematics.

(d) Annotation and processing of breathing cycles
Before the recording, the gain levels of the Inductotraces were set

up to be the same for the rib cage and abdomen for all participants.

Breathing events were detected using the weighted sum of two

thorax measures for one abdominal measure [40]. To improve

detection of the onset and offset of movements, and to limit data

storage size, signals were band-pass filtered at 2–40 Hz (finite
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response filter) and resampled at 100 Hz. The onset and offset of

inhalation movements were detected at 10% of the value of the vel-

ocity peak before and after the peak, respectively. This method is

common in movement sciences, and allows automatic and reliable

detection of the onset and offset of movement automatically. The

labelling was then visualized and corrected when required.

A breathing cycle, cycle[n], with n representing the position of

the breathing cycle in the breathing flow, was characterized based

on the detection of the onset (I_on[n]) and offset of inhalation

(figure 1b). The offset of inhalation was considered as the onset

of the exhalation phase (E_on[n]), with the offset of the breath-

ing cycle corresponding to the onset of the next inhalation

(I_on[nþ1]) (see [26] for similar annotation methods). The breathing

cycle was defined based on successive inhalation onsets, since the

onset and offset of the exhalation phase are difficult to detect

reliably [13,26]. Breathing cycles were also categorized in relation

to the speech events they included. The Listening cycle category

included quiet cycles or cycles associated with backchannels,

while the Speaking cycle category included breathing cycles associ-

ated with one or more IPU(s). These cycles were categorized as

turn-taking cycles when the first IPU occurred during turn-taking,

and as turn-holding cycles when the first IPU occurred during

turn-holding (see figure 1a).

(e) Measurements
The dataset was then characterized according to the research

approach detailed in §1d using the following parameters:

(1) The duration of the breathing cycle, measured for a given

cycle[n], as the delay between the inhalation onset (I_on[n])

and the onset of the next inhalation (I_on[nþ1]) [8,25,26]:

duration[n] ¼ I on[nþ 1]� I on[n]:

This measure was then used to compute parameters (2)

to (4).

(2) The cycle asymmetry index, measured for a given cycle[n] as

the proportion of the inhalation duration relative to the cycle

duration (see [25]):

asymmetry[n] ¼ (E on[n]� I on[n])=duration[n]:

The relation between inhalation and exhalation durations is

generally used to characterize the shape of the breathing

cycle and shows, for example, that the inhalation and exha-

lation phases during listening are more similar than during

speech (e.g. [8,13] and §1).

(3) The temporal alignment of the inhalation onset in relation to

the other speaker’s breathing cycle (coordination_index). To

compute this index, the onset of each breathing cycle was

associated with the breathing cycle of the other speaker

that temporally included it. For a given cycle[i] of a subject

starting during a cycle[ j ] of her partner, the coordination

index was obtained as follows:

coordination index[i] ¼ (I on[i]� I on[j])=duration[j]:

Values close to 0 or 1 mean that the participant began to

inhale in synchrony with her partner (for similar methods

see [26,27] for the study of inter-personal coordination of

breathing or [41] for the study of coordination between the

articulators in speech production).

(4) The breathing rate, measured for a dialogue d as the num-

ber of breathing cycles produced during the dialogue

(n_cycles[d ]), divided by the sum of the duration of these

cycles (duration_cycles[d ]):

breathing rate[d] ¼ n cycles[d]=duration cycles[d]:

(5) The speech onset relative to the exhalation phase, computed

for a given speaking breathing cycle[n], as the delay between

the speech onset time (speech_onset[n]) and the exhalation
onset, normalized by the duration of the exhalation phase:

speech position[n] ¼ (E on[n]� speech onset[n])=(I on[nþ 1]

� E on[n]):

Speech_position was expressed relative to the duration of the

exhalation phase due to the large variability in the duration

of exhalations (e.g. the same delay expressed in absolute

value could mean the onset, middle or end of the exhalation

phase, according to the duration of the exhalation). A value

of speech_position close to 0 signifies that the speech onset is

synchronized with the exhalation onset.

We then counted:

(6) The number of turns taken by the subject and partner in each

dialogue.

(7) The number of breathing cycles involved in the turn

(number_of_cycles), which corresponded to cycles whose

onset or offset occurred during the turn, or to cycles that

included the whole turn (when that turn was realized on a

single breathing cycle).

Global analyses (point A in §1d) were based on measure-

ments (4) and (6) to characterize the relationship between

breathing and turn exchange rate (Analysis A.a), and on

measurement (3) to address the overall coordination of breathing

between subject and partner (Analysis A.b).

Local analyses (point B in §1d) were based on measurements

(5) and (7) to characterize the relationship between the breathing

cycle and the turn (Analysis B.a), on measurements (1) and (2) to

characterize the breathing cycle according to the dialogue events

(Analysis B.b), and on measurement (3) to characterize the

coordination of breathing at turn-taking (Analysis B.c).

( f ) Statistical analyses
The effects on the different variables were tested using linear

mixed models in R 2.14.0 (lme4 library, [42]).

To obtain an overall description of the dialogues (Analysis

A.a), we ran two models with breathing_rate as the dependent vari-

able and the conversational partner (Partner 1 versus Partner 2) as

the independent variable. In one model, we used the partner data

and accounted for differences among the partners. In the other

model, we used the subject data and accounted for subjects’

behaviour according to the partners.

To test how much breathing kinematics (duration and

asymmetry) depend on dialogue events, we ran a series of

models (Analysis B.b). In the first model, we tested the following

two factors—Dialogue Event (Speaking versus Listening) and Part-

ner (Partner 1 versus Partner 2). In the second model, we tested

whether duration and asymmetry differed with respect to general

turn events (Turn-taking versus Turn-holding) and Partner (Partner
1 versus Partner 2). In a final model, we tested whether duration
and asymmetry differed with respect to the three turn-taking

types (Smooth turn versus Interruption versus Butting-in) and Part-

ner (Partner 1 versus Partner 2). Duration and asymmetry variables

were always transformed to a logarithmic scale to guarantee a

linear distribution of the residuals. These were checked using

diagnostic tools such as qqnorm in R. Subjects and trials (i.e. the

five dialogues per dyad) were included as random factors. Com-

parisons between the different levels of factors were carried out

by changing the reference level, and pMCMC values were

obtained using the languageR library. In linear mixed models, a

valid alternative to standard p-values is to calculate the p-value

from MONTE CARLO sampling by Markov chain ( pMCMC ¼
Monte-Carlo Markov Chain [43]). Under these tests, no significant

interactions were found, mainly because subjects did not system-

atically change their breathing kinematics with respect to the two

different partners. We thus ran additive models.

Inter-personal coordination was evaluated by studying the

distribution of the coordination_index over the course of the



Table 1. Upper part: number of observations (and percentage) of turns that involved 1, 2, 3 or more breathing cycles (number_of_cycles, see text for details).
Lower part: number of observations (and percentage) of turns in different ranges of the position of the turn onset relative to the exhalation phase
(speech_position, see text for details). Data are split according to the type of turn (Sm, smooth turn; In, interruption; Bu, butting-in). S.P1, subjects talking with
Partner 1; S.P2, subjects talking with Partner 2.

S.P1 S.P2

Sm In Bu Sm In Bu

number_of_cycles

1 193 (52) 19 (37) 45 (100) 173 (53) 41 (48) 74 (100)

2 66 (18) 9 (17) 0 55 (17) 22 (25) 0

3 45 (12) 8 (15) 0 32 (10) 11 (13) 0

.3 65 (18) 16 (31) 0 66 (20) 12 (14) 0

speech_position

,0.25 241 (65) 35 (67) 26 (58) 213 (65) 57 (68) 37 (50)

0.25 to 0.5 66 (18) 8 (15) 11 (24) 59 (18) 14 (16) 11 (15)

0.5 to 0.75 46 (13) 7 (14) 3 (7) 37 (12) 10 (11) 17 (23)

0.75 to 1 16 (4) 2 (4) 5 (11) 17 (5) 4 (5) 9 (12)
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Figure 2. Number of turns (a) and breathing rate (b). Values are medians for
a 2.5 min conversation and dispersion over conversations for Partner 1 (P1)
and Partner 2 (P2), and for subjects speaking with Partner 1 (S.P1) and
Partner 2 (S.P2).
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dialogue or at particular turn-taking events (Analysis A.b and

B.c). The distributions of the index value for all observations

were first compared to the uniform distribution (equal number

of observations in each interval of values) in order to verify

whether there was indeed a coordinative trend. Moreover,

when two speakers breathe continuously, their inhalation

onsets might at some point align randomly, without necessarily

being coordinated [8,26]. This might induce peaky distributions

due to random alignments that could still differ from the uniform

distribution. We used the following methods in order to ensure

that the effect was not random (see [8,26] for similar approaches):

the subject’s breathing in a given conversation was associated

with the partner’s breathing in four other conversations (surro-

gate associations). The coordination_index was computed for

each of these surrogate associations. We then compared the dis-

tribution of the coordination_index for the original association

with its distribution for the surrogate associations. If these two

distributions were different, we considered that a coordinative

pattern was present. All comparisons were carried out using

the Kolmogorov–Smirnov test.

Number_of_cycles and speech_position were analysed by look-

ing at the distribution of turns into different ranges of values

for each variable (table 1, Analysis B.b). Chi-squared tests were

used to test these distributions. The butting-in turns were not

considered for the analysis of number_of_cycles, as these turns

were always achieved within a single breathing cycle. Compari-

sons between the turn types were run regardless of the partner,

and with smooth turns as a reference, due to the small number of

interruption and butting-in turns in some categories. The Bonfer-

roni correction was applied to p-values (significant if p , 0.05/5

for number_of_cycles and to p , 0.05/8 for speech_position).
3. Results
We first addressed whether breathing and turn-taking rates

were related, and whether the conversation induced a

global coordination of breathing over the whole exchange,

as observed previously for dialogue [33] and in reading

and singing [27,28] (§§3a,b). We then analysed the relation-

ship between turns and breathing more locally and

considering the type of turn (§§3c–e).
(a) Analysis A.a: the relationship between breathing
rate and number of turns exchanged

Taking all the conversations together, we found a median of

approximately nine turns for partners and subjects for the

2.5 min conversations (figure 2a). This number was similar

for the conversations involving Partners 1 and 2, showing

similar turn-taking rates regardless of the partner. Analysis

of breathing_rate showed (figure 2b) that it was faster for Part-

ner 2 than Partner 1 (t ¼ 12.7, pMCMC , 0.001). However,

subjects did not change their breathing rate accordingly,

and realized a similar breathing rate when talking with

Partner 1 and Partner 2.

(b) Analysis A.b: the temporal alignment of subject
breathing to partner breathing

The distribution of the coordination_index values, which localize

subject breathing relative to partner breathing over the whole
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dialogue, was analysed (figure 3a). The results are merged

for the conversations with Partners 1 and 2, as no significant

effect of partner was observed. The original distribution of

the coordination_index was not significantly different from

that of the surrogate analysis. In other words, when taking

all phases of the conversation together, subjects’ inhalations

were not systematically coordinated with partners’ inhalations.

In summary, no clear overall relationship appeared between

turn-taking and breathing rate, and no coordinative trend was

observed between subjects’ and partners’ inhalations.

(c) Analysis B.a: the relationship between the breathing
cycle and the turn

Despite this lack of coordination between breathing and turns

at a global level, it is still possible that conversational turns

and breathing cycles are related locally. In this case, we

might expect that speakers would take a new breath before

taking the turn and that they would not delay their speech

onset considerably with respect to the exhalation phase. More-

over, we might also expect there to be a preferred number of

inhalation events to achieve a turn. The following analyses

were restricted to the subjects’ data as they are more represen-

tative of general behaviour, while the partners were considered

as a factor that might influence subjects’ behaviour.

The upper part of table 1 displays the distribution of turns

according to number_of_cycles. Butting-in attempts were

always realized on a single breathing cycle. More than half

of the subjects’ smooth and interruption turns were also rea-

lized within a single breathing cycle. Approximately 80% of

all smooth and interruption turns included less than four

breathing cycles.

The bottom part of table 1 displays the distribution of turns

according to speech_position. Note that it was possible for

values of speech_position to be either positive or negative,

with negative values corresponding to turns starting during

the inhalation phase. However, these negative values in fact

represented approximately 5% of the turns and were greater

than 20.08 (except for a single value that was excluded from

the analyses). Hence, the range of values smaller than 0.25 rep-

resents turns that started close to the onset of the exhalation

phase. The results show that turns were mostly taken in this

early range (more than 50% of the observations were in a

range smaller than 0.25, regardless of the turn type, and

more than 60% for the smooth and interruption turns).
Butting-in occurred later in the exhalation phase (speech_posi-
tion was greater than 0.5 for approximately 29% of butting-in

turn-takings, but for only 17% and 16% for the smooth and

interruption turn-takings).

Chi-squared tests showed that all distributions were signifi-

cantly different than random for both measurements and all

types of turn (x2 . 26, d.f.¼ 3, p(Bonferroni) , 0.0001), except

for number_of_cycles for subjects talking with Partner 1. The

comparison of interruption with smooth turns was not reliable

for either number_of_cycles or speech_position, while butting-

in turns were significantly different than smooth turns for

speech_position (x2 ¼ 16, d.f. ¼ 3, p(Bonferroni) , 0.01).

These results suggest that speech onset at turn-taking was

generally well timed with inhalation events, at least when

turn-taking was successful. In addition, more than half of the

turns were associated with a single breathing cycle, and a large

proportion of turns included less than four breathing cycles.

(d) Analysis B.b: the adaptation of the breathing cycle
according to dialogue events

In order to better understand how breathing adapts to differ-

ent dialogue events, we then compared the properties of

breathing cycles during listening and speaking as well as

turn-taking and turn-holding phases.

We first contrasted the duration and asymmetry of the

breathing cycle during listening with all cycles related to

speaking events (figure 4). During listening phases, breathing

cycles were shorter than during spoken phases (t ¼ 21.8,

pMCMC , 0.001). In addition, less asymmetry was observed

in listening phases in comparison to spoken phases (t ¼ 44.6,

pMCMC , 0.001). This is visible in figure 4, which represents

the position of inhalation onset relative to the whole cycle

(horizontal lines superimposed on each bar).

Breathing cycles were then split into those at turn-taking

(smooth, interruption, butting-in) and those occurring inside

a turn (turn-holding). Breathing cycles at turn-taking varied

in duration according to the type of turn. When butting-in,

breathing cycles were shorter than for smooth or interruption

turns (all comparisons t . 2.8, pMCMC , 0.01). In other

words, when subjects took a breath and tried to take the

turn but failed, they shortened their breathing cycle. Conse-

quently, breathing cycles for butting-in were also less

asymmetrical than when taking the turn successfully (all

comparisons t . 2.1, pMCMC , 0.05).
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When turn-holding, breathing cycles were generally

shorter than when turn-taking (t ¼ 4.0, pMCMC ¼ 0.001).

Owing to a clear reduction of the inhalation phase, turn-

holding cycles were also more asymmetrical than turn-taking

ones (t ¼ 9.8, pMCMC , 0.001). These results suggest that

speakers reduced inhalation duration inside a turn, which

could preserve their turn by indicating to their interlocutor

that they have not finished speaking.

The properties of breathing cycles over the different

events of the dialogues described above were in general simi-

lar when participants spoke with Partners 1 and 2. However,

breathing cycles at smooth turn-taking or interruption ten-

ded to be longer and more asymmetrical when talking with

Partner 2 than Partner 1 (only asymmetry reached significance:

t ¼ 2.1, pMCMC , 0.05).

In summary, breathing profiles differed not only between

listening and speaking phases but also between turn-taking

and turn-holding. To some extent, breathing cycles also chan-

ged with respect to the type of turn-taking. This suggests that

the ability to coordinate breathing with turn-taking might

contribute to the success of turn-taking.

(e) Analysis B.c: the temporal alignment of subject
breathing to partner breathing at turn-taking

In conversation, inter-personal coordination may occur at

turn-taking and may rest on breathing [8].

In our dataset, we observed some coordinative trends

locally, at turn-taking, that were specific to the type of turn

(figure 3b). The distribution of the coordination_index for

smooth turns was more asymmetrical toward the right,

suggesting that subjects tended to inhale during the last part

of the partner’s exhalation phase, while interruption turns

showed the most consistent profile with a clear peak in the

latter part of the partner’s exhalation phase. For smooth

and interruption turns, distributions were different from the

uniform and surrogate distributions ( p , 0.02 in all cases),

showing that there was indeed a non-random pattern of align-

ment. The distribution for butting-in was sparser and not

significantly different than the uniform distribution, which

could be due to the smaller number of observations and also
to the fact that butting-in turns were less prepared, resulting

in failure to interrupt the partner.

In summary, subjects’ breathing displayed specific temporal

coordination with their conversation partners’ breathing at

turn-taking. This coordination depended on the type of turn,

with more systematic coordination for interruption than

smooth turns, suggesting that interruptions were more planned

than smooth turns.
4. Discussion
The aim of the current work was to improve our knowledge of

breathing in conversation by empirically addressing the idea

that breathing could constitute a coordinative unit for turn

exchange. Our analyses of a corpus of eleven subjects talking

successively with two partners show that: (i) at a global level,

when the overall conversation is considered regardless of the

activity, turn-taking rate and breathing rate are not strongly

related, and breathing cycles are not systematically coordinated

between subject and partner; (ii) breathing is, nevertheless,

actively involved in turn-taking. This is visible in the fact that

most successful turns were taken just after a new inhalation.

The relation between inhalation and turn-taking suggests that

speakers coordinate breathing to turn-taking; (iii) the average

duration of a turn can be expressed in terms of the number of

inhalation pauses, with more than half of turns realized on a

single breathing cycle and 80% of the turns occurring after

less than three inhalation pauses. When occurring inside a

turn, inhalations were shorter than when starting a new turn,

suggesting that subjects also adapt their breathing to hold

turns. These results shed new light on the relationship between

turns and breathing in unconstrained dialogue and will be

discussed here in relation to previous work.

Our analyses showed no overall inter-personal coordination

of breathing when all the phases of dialogue were taken together,

and no relationship between breathing and turn-taking rate. In

their paper, analysing entrainment between vocal and respirat-

ory activity, Warner et al. [33, p. 1332] mention in their

discussion that ‘An additional set of analyses not reported here

sought evidence of direct entrainment between the respiration

cycles of social-interaction partners, and essentially no relation-

ship was found’. This conclusion was probably driven by

analyses similar to the analyses of coordination between vocal

and breathing activity that was the focus of Warner et al.’s
paper (e.g. cross-spectral analyses based on the extraction of

the main low-frequency oscillation in the signal). This conclusion

is hard to evaluate, however, as the authors did not provide more

information. Yet, the present analyses seem consistent with the

absence of entrainment of inter-personal breathing overall

during dialogue. We assume that this is the result of different

activities (listening and speaking) during conversation, which

go hand in hand with switches in breathing frequency. These

make a tight coordination of inter-personal breathing and a

tight link between breathing and turn-taking rates rather unli-

kely. Moreover, our finding is consistent with the lack of

breathing imitation or coordination observed between listeners

and speakers in previous work [23–26].

McFarland [8] did not provide a global analysis of inter-

personal coordination of breathing, nor of the relationship

between breathing and turn-taking rates. However, using

cross-correlation on a time-window around turn transitions,

he found in-phase or anti-phase coordination between
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speakers. This coordination was particularly in evidence

when laughing or speaking simultaneously. Our analyses

used a finer categorization of turn-taking, based on pragmatic

function. Even though our analyses of synchronization were

limited to the labelling of the breathing cycle and were not

continuous, they provide further evidence of inter-personal

temporal coordination of breathing at turn-taking. In particu-

lar, we provided evidence that successful interruption rested

on a clear anticipation of inhalation. This appeared as a clear

peak in the coordination index, with inhalation onset starting

at approximately 70% of the interlocutor’s breathing cycle.

The profile for the coordination index did not show a com-

parably high peak when a turn was taken smoothly, but a

tendency to start inhalation in the last part of the exhalation

phase of the interlocutor’s breathing cycle. This suggests that

interruptions could be planned more systematically than

smooth turns and that frequent interruptions in dialogue [30]

could also be related to issues in breathing control.

In this study, approximately half of the turns were rea-

lized on a single breathing cycle and most turns involved

one to three breathing cycles. Moreover, most of the success-

ful turns started at the onset of the exhalation phase: subjects

tended to take a breath just before taking their turn. These

findings suggest that interlocutors may use the breathing

cycle as a unit to anticipate the next turn and that turn con-

structions are not independent of physiological processes. If

Guaı̈tella [34] suggested that the dialogue rhythm could

rest on an implicit knowledge of the duration of the exhala-

tion phase, our observations suggest that turn-taking could

also be negotiated implicitly in terms of the number of inha-

lation pauses inside the turn. This relation between the

number of turns and the number of breathing cycles may

also depend on the nature of the dialogue. For example, in

uncooperative dialogues, one speaker may dominate over

the other in taking the floor, and turns may include more

breathing cycles than in cooperative dialogues.

Butting-in attempts were delayed relative to the onset of the

exhalation phase as compared with smooth and interruption

turns. Hence, when subjects tried to interrupt the other speaker

without taking a new breath, this interruption tended to fail.

Two complementary phenomena could explain this result.

Firstly, as the speaker is not taking a new breath, she is not

providing inhalation indices (acoustic noises, visual indices

of changes rib-cage volume) to her interlocutor that could indi-

cate she will start to speak and interrupt her. Secondly, the

absence of inhalation before turn-taking may reduce the

amount of air available to ‘fight’ for the turn. The first aim of

our study was to describe the kinematics of breathing during

conversation. Our set-up was not designed to analyse breathing

noises, and the microphones were too far from the speaker’s

nose and mouth to allow a reliable post hoc analysis of these

noises. It might be interesting to address the role of auditory

and visual correlates of breathing in the organization of

turn-taking, as these indices may contribute to inter-personal

adaptation of breathing [25].

The analyses of the duration and asymmetry of the breath-

ing cycles are consistent with previous work and bring new

results. Similarly to McFarland and Guaı̈tella [8,34], breathing

cycles during listening were different from speaking phases,

with less asymmetrical and shorter breathing cycles in the

former than in the latter. We extended these findings by show-

ing that breathing cycles are also linked with the nature of

speech events. Breathing cycles inside a turn were shorter
and more asymmetrical than cycles at the start of a turn. This

could be explained by the fact that when subjects needed to

inhale but wanted to keep the turn, they took more rapid inha-

lations in order to reduce pauses and prevent the other speaker

from taking the turn. When taking a breath and taking the

turn successfully, breathing cycles were similar in duration

and asymmetry for smooth turns and interruptions. When

butting-in, however, the breathing cycle was shortened in com-

parison to successful interruptions, suggesting that subjects

quickly reverted to a listener role when their attempt to take

the turn failed.

The current study involved only female speakers conversing

with two different partners. Subjects and partners exchanged

dialogue in a cooperative fashion, both being actively involved

in the task. Despite the fact that the two partners were members

of the laboratory, and so were not totally naive with regard to the

purpose of the experiment, the dialogues were globally fluid

and balanced. Dialogues with Partner 2 were, however, charac-

terized by more interruptions, or interruption attempts, as

compared with dialogues with Partner 1 (table 1). This could

be explained by differences in professional status and age (Part-

ner 1 was a researcher and Partner 2 was a PhD student). Partner

2 also breathed faster than Partner 1, but this difference in part-

ner breathing rate did not affect subject breathing rates. Further

studies are required to investigate more systematically how

inter-personal adaptation of breathing occurs during dialogue,

and how it could sustain the variety of inter-personal alignment

observed in conversation [4]. It will also be necessary to analyse

the linguistic structure and the acoustic parameters of the

spoken text together with the prosodic and nonverbal cues

known to be involved in turn-taking [42].

Overall, the results are consistent with the idea that breathing

profiles are good correlates of conversational events and timing

[8]. Breathing cycles appear as possible organizational units of

conversation: taking the turn requires that the speaker takes a

breath appropriately with respect to the speech and breathing

flow of her interlocutor. We found a relationship between

turn-taking and inhalation, but no strong inter-personal coordi-

nation in breathing throughout the whole dialogue. Inter-

personal coordination of breathing was rather local, related to

turn-taking, however, the current dataset did not allow us to

split turns into further categories, such as pause interruptions

and overlaps [30,31], as the amount of data in these categories

was limited. Moreover, the pauses every 2.5 min in our exper-

imental procedure may have broken the dialogue rhythms,

and longer time-windows may be required to observe more

global coordination and mutual adaptation over time. More sys-

tematic investigation of breathing during dialogue is required to

further understand how breathing determines inter-personal

exchanges. In particular, larger corpora should include longer

conversations, speakers with different physiology, subjects

with respiratory pathologies, and cross-linguistic comparisons.

The analyses of breathing in those corpora would have benefits

for speech technology and speech rehabilitation and would

further our understanding of how social behaviour could be

embodied in physiological rhythms.
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31. Beňuš Š, Gravano A, Hirschberg J. 2011 Pragmatic
aspects of temporal accommodation in turn-taking.
J. Pragmat. 43, 3001 – 3027. (doi:10.1016/j.pragma.
2011.05.011)

32. Sacks H, Schleghoff EA, Jefferson G. 1974 A simplest
systematics for the organization of turn-taking for
conversation. Language 50, 696 – 735. (doi:10.2307/
412243)

33. Warner RM, Waggener TB, Kronauer RE. 1983
Synchronized cycles in ventilation and vocal activity
during spontaneous conversational speech. J. Appl.
Physiol. 54, 1324 – 1334.

34. Guaı̈tella I. 1992 Etude expérimentale de la
respiration en dialogue spontané. [Experimental
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