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Adaptation of respiratory patternsin collaborative reading
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Abstract

Speech and variation of respiratory chest circuenfees of
eight French dyads were monitored while readingstevith
increasing constraints on mutual synchrony. In livih
previous research, we find that speakers mutuagpttheir
respiratory patterns. However a significant aligniés
observed only when speakers need to perform togeilee
when reading in alternation or synchronously. Frgmet
breathing to listening, to speech reading, we didfind the
gradual asymmetric shaping of respiratory cycleregaly
assumed in literature (e.g. from symmetric inhatatiand
exhalation phases towards short inhalation and
exhalation). In contrast, the control of breathisgems to
switch abruptly between two systems: vital vs. shee
production. We also find that the syllabic and thspiratory
cycles are strongly phased at speech onsets. Tikisomenon
is in agreement with the quantal nature of spedghhm
beyond the utterance, previously observed via pdusions.

Index Terms: respiration,
respiration, rhythm, pauses

1. Introduction

During speech production, the physiological need aof

inhalation interrelates with the need of air extiafa to

produce speech sounds. The interrelation of bregtlind

speech production depends on higher-factors suchhas
syntactic and prosodic structure of the discouBseathing is
also involved in joined actions during interacticersd more
specifically, verbal communication, notably the wtination

of turn-taking.

Pulmonary ventilation is controlled by two systenthe
ventral and dorsal breathing centers in the medatid the
pneumotaxic and apneustic centers of the ponsdnbthin.
The central pattern generators of the medulla seerbe
responsible for the automatic and permanent geoeraf
rhythmical respiratory patterns. This generationlasgely
below the level of consciousness. The frequency
amplitude and the shape of the ventilation autaralyi
adapts to physiological requirements (temperataraption,
cardiovascular state, vigilance, etc). Forced iathahs and
exhalations can also be monitored by the ponsdheatrides
the automatic regulation.

During quiet breathing, inhalation and exhalatiom similar in
amplitude and duration (symmetrical). The patteros
respirations when speaking are very different fithim rather
symmetric patterns in quiet: slow expirations falloapid or
even partial inhalations [1, 2] and a greater Vatidin is
generally needed for speech than for quiet bregtf8h The
content and structure of the discourse shape thaainu
patterning of speech and respiration.
production, inhalation pauses mainly occur at phras

—

sentence boundaries [4, 5]. These pauses combitie wi

linguistic cues (e.g. syntactic structure or lekidaoices) and
prosodic cues (e.g. prepausal lengthening, bournags) to

long

coordination of speech and

h

During speech

signal links between previous speech chunks witke th
upcoming flow of speech. Breathing pauses are algohied

in speech perception [6, 7] and participate to -taking
coordination in the listener-speaker interactiorg]1

McFarland [1] found that respiratory movements mayvide

a valuable marker of conversational
coordination between participants. Changes in bimgth
patterns were indeed observed during listeningsignaificant
synchronicity was observed during periods of siam#bus
speech and laughter as well as at turn-taking bemiesl Most
authors agree on a continuum of respiratory cortcobrding
to the demand of the task [1, 2, 9]. The presenkvaims at
analyzing this hypothetical gradual adaptation edpiratory
patterns to increased synchronization constraints.

2. Experiment

In our experiments, speakers were asked to readaime 13
texts under four various conditions. Each text v@ashort
paragraph (each 10+1.5 sentences; 131+15 syllablds)
conditions varied the coordinative constraint wiie reading
partner.

2.1. Conditions

The four experimental conditions were the following

1. Reading aloud alone

2. Reading aloud paragraphs in alternation

3. Reading aloud sentences in alternation

4. Reading aloud texts in synchrony/chorus [10]
Six minutes of quiet breathing (condition 0) weeearded at
the beginning of the session.

Figure 1. Comparing the variation of the thoraciccunference
estimated by the VISURESP® vest (bottom) and tHeMBAC® belt
(top) during speech production.

2.2. Experimental settingsand procedure

Reading partners sit in two different rooms and wesadset
microphones. The text
presentation with one paragraph per page. The iexester

toggles the page once the paragraph has beenSeans of
both speakers are thus refreshed simultaneouslyridition 1.

Prior to reading, speakers go though the 13 texts the

experimenter in order to agree on the way to proneu
unusual proper nouns. They then went though camditD to

4. The feedback from the partner is switched affcfanditions

0 and 1. Any text produced with disfluencies omlaters (that
occur sometimes drastically during condition 4) wead

again. A typical recording session lasts aboutltane.

Variations of respiratory chest circumferences rma@nitored
by two BIOPAC®SS5LB belts. Following McFarland [1],

exchange and

is presented as a PowerPoint



each belt is placed around the subject’'s thorak wirain
tranducers placed aside just below the right axillae best
position for the belt was determined from the reswf a
calibration session where we compared movementzded
by the SS5LB belts and the Respitrace® vest (seerd-itu
We found that this positioning of the BIOPAC®SS5LBtbel
trustfully captures thoracic movements while mirgimg the
impact of mechanical coupling of the rib cage witart and
head movements.

2.3. Subjects

In order to further study inter-speaker adaptatiome male
(gb) and one female (arc) speakers each interaeitbdfour
different reading partners of the same gender dmilas
social status. All pairs knew each other well.

2.4. Processing of data

Speech data is first automatically forced-alignéth whonetic
transcriptions of text fragments thanks to speakaéependent
HMM. Inhalation and exhalation respiratory phaseg a
detected using the zero-crossings of the accederaif the
respiratory signal in the bandwidth [0.05Hz-10HZ)I
segmentations are then checked by hand with Praht [

3. Results

3.1. Respiratory patterns

Figure 2 displays the elementary ventilation cyaiefiected
during one session for one female dyad. For eaebkgp, we
distinguish production vs. perception cycles retpely
concomitant with the other speaker’'s speech proatucind
perception. This was done for condition with or heiit
mutual acoustic feedback. Our data reproduce the lo
skewness of the profiles during quiet breathing ttentrast
with the high skewness of profiles collected dursmgeech
production [2, 12]. But contrary to the hypothelich..]
continuum of respiratory control, with perhaps guireathing
and speech at the extremes [...]" [1, p.130, see @]sthe
observed control strategies are more in line withadrupt
switch between two modes: (a) a regular patternafg
respiration with symmetrical profiles vs. (b) aregular one at
the service of speech production. The two typespiratory
cycles will be termgiital vs. speechcycles in the following.
We will argue that speech perception does not irevahe
active recruitment of vital cycle. Figure 3 show® texamples
characteristic of these rapid switches that occuenein
condition 3. Note that two of our interlocutorsenftfavored
apnea when leaving the floor: one is a trombongepland the
other proved to be an apnea swimmer!

This rapid switching militates for the takeover af vital
function by a cognitive process. Such quick blogkiaf
regular breathing has also been evidenced for titgihu[13]
where the apnea is able to interrupt the respiyatycle at
anytime.

We computed three characteristics of each respjratycle:
(1) its period; (2) its inhalation quotient (dumati of the
inhalation over the period); (3) its phase witherehce to the
closest cycle of the interlocutor. The general citree of
phasing relations between cycles produced by oustors is
illustrated in Figure 4. We do not obtain reguldraping
relations between close respiratory patterns inditimm 2 -
where the interlocutor is listening to the speafeading a
whole paragraph. Condition 3 is characterized byidrap

switching and more apnea than condition 2. In doisdition,
partners’ cycles tend to be phase locked. With mprise
Condition 4 compels speakers to strongly synchrotiesr
inhalations.

Speajléer F1 Spegfer F4
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Figure 2. Ventilation profiles (variation of rib ga circumference
against time) for the female dyad #4 (speakersniglFd). Conditions
for top to bottom: (a) quiet breathing, (b) readimigne, then with
mutual acoustic feedback, reading in alternationp@agraphs and
(d) sentences, (e) in chorus (speech productiore&gption profiles
equal here). Note the switch between a low skew(fess number
ranges 3-10 in each caption) for breathing andihgarondition in
comparison with the high asymmetry (skewness clos®0) for
speech production. The second number gives thegegreriod in s.

Figure 3. Abrupt switch between speech and quieathing patterns.
The variation of the breast section is displayedenrthe acoustic
signal. Respiratory patterns of speaker F2 readiogd alternatively
paragraphs (condition 2 displayed on the left}semtences (condition
3 displayed on the right). Note that speech cysé=m to “interrupt”
vital cycles asynchronously.

Iy

These observations are coherent with the switchymppthesis
between control structures evidenced previously.thé
cognitive monitoring of respiratory patterns ovees the
automatic regulation with no negotiation, the pae
generated by the two systems have no reason telaed.
The phase locking in condition 3 a priori betweewo t
different types of cycle may be resulting from thre
phenomena (see Figure 5): (a) the use of apnethéh)se of
vital cycles for speaking; (c) the absence of ukilog because
of a fast turn taking rate.
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Figure 5:Handling turns in condition 2. From left to riglepnea (speaker M1); using/prolongingitaivcycle (speaker M3); approximate ph

locking by alternating with vital cycles (speakeBM

Table 1. Mean asymmetry coefficient of the respimatcycles
according to conditions. For each speaker andnlistewe gray the
conditions for which distributions of these coeffiats are statistically
different from condition 1 (p<.05). Note that mdistening periods
fulfill this hypothesis.

Speaker Interlocutor

Dyads Speak Liste Speak Liste

0]1] 2| 3] 42310 1] 2] 3 4 2 3

F1 |29 19 17| 21: 13 30| 36 31| 21| 21] 23; 23] 23| 35

ar|F2 | 36| 17| 14| 20; 19 39 37] 20| 25| 17| 16; 25| 18| 32

C|F3 | 28| 18] 25| 20: 9| 28 304 39| 28| 24| 26! 13] 40| 33

F4 | 27| 14) 12| 16, 14 31 3¢| 34| 20) 17| 20 17] 27| 36

M1 | 36| 34 -[24i2§ -| 322621 -|14 23] -|38

M2 | 36 34| 31| 26 31 31 33 37| 26| 29| 25! 23] 33| 48

9 M3 | 38| 32| 29| 25! 24| 31| 37 35| 21| 19| 25} 16] 33| 52

oo|\||®|u1 J>|w||\>||—‘

M4 | 37| 25| 23| 21 20] 32 3§ 29| 15 15| 18! 14] 30| 37

3.2. Inter-speaker adaptation

Figure 6 displays the evolution of the mean vetititeperiod
and the mean syllabic rate of dyads according mlitions. If
speakers adapt their speaking rate to increasedlioation,
they do not seem to be compelled to adapt thepinasry
strategy: male dyads maintain notably different tiation
periods in condition 4 despite a perfect adjustnantheir
speaking rate.
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Figure 4: Phase relations between respiratory syaké the
interlocutors of the male dyad #8. No consisterasghrelations are
observed in condition 2 (first row). There is adency for cycles to
be phase locked in condition & for production and =2 for
perception), while being strongly locked in phasecondition 4
(second and third row). Normalized speaker averaggpiratory
cycles are superposed with the corresponding auetdr's average
cycle for each condition (top right). Note the meyenmetric profiles
for the listening conditions 2 and 3.
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Figure 6. Inter-speakers adaptation. Interlocutongan values
(ordinate) vs. speaker's mean values (absciss&).pftximity to the
dotted line means convergence of behavior. If speaknutually
adapt their speaking rate to increase coordinatimy, do not always
adapt their respiratory strategy (see notably nfaesed in blue).
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the number of syllables in the breath group to twelpced. Our data
show an absolute limitation of 7 syllables per esghisecond and of
about 1s for the inhalation.

3.3. Breath groups

Phonotactic and linguistic factors such as the ctiral

organization of the text exert a strong influenacetlve size of
the breath group and thus on the duration and &mpliof the

respiratory cycle that will carry the utteranceeTduration of
the exhalation is known to correlate with the numbé

syllables in the breath group [14]. The influenck tbe

previous and next groups on the intermediate passe
controversial [15] and the relationship between seaand

inhalation durations is rather weak since silentwasl as

audible exhalation or inhalation can be used tmdadext and
discourse structure [16].

Figure 7 shows that for the French read corpusiefuldere,
the breathing cycle of speech production adapthddbreath
group: while the inspiratory duration is rapid aidited to
less than 1s, the expiratory phase rarely goeswbB®ms per
syllable... As displayed on Figure 8, the expiratqilyase



extends largely the phonation that be releasedhéniriterval
20-80% of the available duration of expiration.

I <tart pause
start Inhalation
start noise

- start speech
-end speech

-1 — -08 -0.4 -02 a u‘z 04 06 08 1
Figure 8. Distributions of respiratory and acoustieents
within two normalized expiratory duration. Inhatati lasts
approximately 20% of the expiratory duration. Whiens
made audible, the breathing noise lasts 50% of dheation.
Speech starts almost in synchrony with the exlmiatind
ends between 20% and 80% of the expiratory duration

2r4 22 33 53482745 18 6 7 17 5

El

2 3

Figure 9: Synchronization between syllabic clocksroas two
adjacent respiratory cycles. Left: Mean and stathdawiations of the
phase according to estimated silent cycles. Ri@#neral phase
diagram.
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3.4. Coordination between speech and respiration

Several authors have shown that the modal disioibubf
silent pauses [4, 16, 17] and that these modebkaraonic of
each other. We questioned our data for a possdaedmation
of the planned respiratory cycles with the rhythmic
organization of speech. Following our previous wig], we
choose to characterize speech rhythm by the suoossef
vowel onsets. We compute an underlying regularabidl
clock for the breath group preceding the pausehasckock
with a constant frequency equal to the mean sylldbration
of that breath group that minimizes phase shiftth vihe
vocalic onsets. We then considered the mean phaife s
between this virtual clock and the first three Jimcansets of
the next breath group. The results are displayFigure 9
surprisingly, the virtual syllabic clock of eachelth group
seems to go over the silent pause for a rathee langnber of
interleaved beats (1 to 20) and start smoothlyhisp with the
actual vocalic onsets of the next breath group.

This apparent coordination of respiratory and $ytleclocks
may explain the quantal effect observed in theribistion of
pause durations: the pause interval that encompasitent
expiration, the eventual apnea and next inspirdiqguaced by
an underlying smooth time-keeper that spans lorejcstes of
speech production. Note that these distributionge hiaeen
computed within paragraphs uttered during condstibn2 and
4. We did not observed such synchronization regigdar
across speakers for condition 3.

4. Discussion

We argue here that the double neuro-anatomicalraont
breathing should be mirrored somehow in the orgsita of
the breathing cycles. The switching hypothesis that put
forward here does not prevent any kind of mutudléance
between these controls. As put forward in the thicgion, the
central pattern generators of the medulla autoriti@dapts
the frequency, amplitude and shape of the verditator the
sake of maintaining a stable state of physiologieaburces.
In the same way of emotional arousal or increasanabient
temperature, adaptation and regulation of venitiis
required after speaking, and even more betweerckpseNo
surprise that the average vital breathing charistites changes
between and during speeches to prevent and arécipa
irregular oxygen deficits.

We however do not observe strong switching pattéans
some dyads. Their distributions of shape paramétethese
cases were often bimodal. This may be due to ttiettiat the
text was available to the listeners and that theyewiocusing
on smooth turn taking in the absence of a competiitive
task. It would be interesting to suppress textaérimation
and impair mutual attention with a secondary taskising on
linguistic content such as phoneme or syllable maoimg. On
the reverse, rapid recovery of the vital controluldo be
favored by increasing the oxygen debt during speech
production (speaking louder, quicker or with nodthg.

As in previous works, we showed that respiratonygoas may
change very abruptly and that the respiratory cyda be
shaped and timed in a flexible way to fulfill cotiné

demands [19]. Within the limit of our experimenparadigm,
we found little evidence of coordination betweespieatory
patterns of speakers and listeners until they ealyrinvolved
in a joint action.

5. Conclusions and per spectives

In our study, respiratory strategies and changelsréathing
patterns are a complex by-product of reading, $peémnning
and coordinative demands. The passive submissiothef
respiratory system to the cognitive demand is distea if
speakers are able to manage large oxygen defibislong-
term recovery of the debt may result in out of Hrear
hyperventilation strategies. We should now put neffert in
understanding how speakers regulate this oxygen. déte
use of respiratory belts combined with plethysmppsaand
pneumotachographs may provide a more comprehensive
understanding of the short- and long-term contrbl ao
volume.

Dyads were in separate rooms and were instructetbmove
their body. However, co-presence and gesturing rhay
relevant factor to understand the coordinative iratgy
control. We also choose people that new each athiet well.
Together with the training of F1 and M1 to the taks may
have an effect on the coordinative profiles we ol It will
be now interesting to study the impact of socidtrenship
and affect on respiratory patterning when speaking inter-
speakers coordination.
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