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Abstract 

This study examined the relationship between lung capacity, speech volume and duration of 

utterances. 8 adult subjects, 4 males and 4 females (24-36 yrs), participated. By breathing into a digital 

spirometer, lung capacities such as Vital Capacity (VC) and Inspirational Capacity (IC) were 

estimated. Respiratory movements were measured using Respiratory Inductance Plethysmography 

(RIP), and these respiratory movements were calibrated in litres using the spirometer. The proportion 

of lung capacity used for speech was estimated from the calibrated RIP signals during reading of a 

nonsense text without punctuation marks. This proportion was defined as the median volume of 

exhaled air per utterance (SV) (in litres) during text reading, divided by the speaker’s VC (SV/VC). 

Utterance durations (UD) and Respiratory Rates (RR) were estimated from acoustic recordings of the 

text readings as well as the RIP signals, displayed in Praat. This allowed investigating the relationships 

between lung capacity, respiratory rate, utterance durations as well as the proportion of lung capacity 

used for speech. Put differently, the question was whether people with larger lungs speak in longer 

utterances and inhale less frequently, as well as whether people with smaller lungs use a relatively 

larger proportion of their lung capacity for speaking. Additionally, where SV initiated (SVIN) and 

terminated (SVTER) within VC was calculated based on the RIP signals. There were no significant 

relationships between VC and UD or RR. In addition, there was no significant relationship between 

SV/VC and VC. SVIN ranged from 43%-71% and SVTER ranged from 17%-55%. The results indicate 

no relationship between VC and UD or RR nor that people with a smaller VC use more of it for 

speech. The range of SV within VC suggest that people maintain a fairly relaxed state with regards to 

muscle pressure. 
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proportionen av vitalkapacitet använd för tal och 

yttrandeduration 

Denise Carlsson 

 

Sammanfattning 
 
Denna studie undersökte relationen mellan lungkapacitet, andning under tal och duration av yttranden. 

8 vuxna, 4 män och 4 kvinnor (24-36 år), deltog. Genom att andas i en spirometer uppskattades 

lungvolymer såsom vitalkapacitet och inandningskapacitet. Andningsrörelser mättes med Respiratory 

Inductance Plethymography, och dessa andningsrörelser kalibrerades i liter genom användning av 

spirometern. Proportionen av lungkapacitet som användes för tal uppskattades med hjälp av de 

kalibrerade RIP-signalerna under läsandet av en text med nonsens-ord utan punkter eller 

kommatecken. Denna proportion definierades som medianmängden av luft per yttrande (i liter) under 

läsandet, dividerad med talarens vitalkapacitet. Slutligen uppskattades yttrandeduration och 

andningsfrekvens med hjälp av akustiska inspelningar av läsandet och även RIP-signalerna, 

illustrerade i Praat. Detta innebar att relationer mellan lungkapacitet, andningsfrekvens, 

yttrandeduration och proportion av lungkapacitet använd för tal kunde undersökas. Med andra ord, 

huruvida personer med större lungor talar i längre yttranden och andas mer sällan, och om personer 

med mindre lungor använder en relativt större proportion av deras lungkapacitet för tal. Även vart 

talvolymen började och slutade inom volymen av vitalkapaciteten räknades ut med hjälp av RIP-

signalerna. Det blev inga signifikanta korrelationer mellan vitalkapacitet och yttrandelängd eller 

andningsfrekvens, och inte heller mellan vitalkapacitet och proportionen av vitalkapacitet använd för 

tal. Vart talvolymen började inom volymen för vitalkapacitet sträckte sig från 43%-71% och vart den 

slutade sträckte sig mellan 17%-55%. Resultaten indikerar ingen relation mellan vitalkapacitet och 

yttrandelängd eller andningsfrekvens, och indikerar inte att personer med mindre vitalkapacitet 

använde mer av den för tal. Spannet av SV inom VC tyder på att människor bibehåller ett ganska 

avslappnat tillstånd gällande muskeltryck.   
 

Nyckelord 
 
Lungkapacitet, andningsfrekvens, andning under tal, yttrandeduration. 
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1. Introduction 

In order to speak, we need to produce airstreams and to articulate these airstreams somewhere in the 

vocal tract (Catford, 2001).  The majority of speech sounds in the world’s languages are produced on 

egressive pulmonic airstreams, that is airstreams from the lungs. These airstreams are also the driving 

force for voicing and other forms of modulation of the airstreams in the glottis. However, people vary 

in lung capacity as well as in how much of their lung capacity they use for speech – speech volume as 

a proportion of lung capacity. In this thesis, we ask if there is a relationship between lung capacity and 

the duration of utterances. That is, do people with larger lung capacities produce longer utterances? In 

addition, do they inhale less frequently? If they don’t, does this mean that they use a relatively smaller 

proportion of their lung capacity when speaking? For practical reasons, lung capacity is typically 

estimated in terms of a person’s Vital Capacity (VC), defined as the maximum amount of air a person 

can exhale after having inhaled as much as possible. In other words, VC is the amount of air a person 

can actually use.  

To clarify, in this study lung capacity refers to two or more volumes and a lung volume is the amount 

of air used for one function. Thus, the amount of air used for speech is a volume and can either be 

expressed as a volume in and of itself (speech volume) or as a proportion of lung capacity.  

VC can be estimated using a spirometer. In contrast, the Total Lung Capacity (TLC) also includes a 

volume that cannot be exhaled or used, called the Residual Volume (RV). Estimating RV and TLC 

thus requires more complicated methods than spirometry. See figure 1 for an overview of lung 

capacities and volumes. 

Lung volume size and capacity is known to correlate with height, weight, age and sex. For instance, 

tall people tend to have larger lungs than short people; men have larger lungs than women of the same 

height; and young adults have greater lung capacities than old adults (e.g. Bellemare, Jeanneret, & 

Couture, 2003; Bhatti, Rani, & Memon, 2014; Boren, Kory, & Syner, 1966; Internmedicin, 2019a, 

2019b; Morris, Jawad, & Eccles, 1992).  

A number of studies, of which a few are summarised below, have examined the role of lung capacities 

and volumes with regards to both utterance duration, respiratory rate and proportion of lung capacity 

used for speech. The current study builds on a pilot study (Heldner, Carlsson & Włodarczak, 2019) 

which investigated whether the different-sized VCs of a number of subjects correlated with their 

utterance durations. The study found, unlike previous studies, that there was no significant effect of 

VC on utterance duration: that is, people with larger lung capacities did not produce longer utterances. 

It was hypothesised that one reason for this might be that the subjects with smaller VCs possibly used 

a greater proportion of their VC for speech. Thus, the present study replicates the previous one but 

with the addition of estimating also (i) the volume used for each utterance; (ii) the median utterance 

volume per speaker (Speech Volume or SV); as well as (iii) the proportion of the VC used for speech 

expressed as a percentage of VC (SV/VC).   

The studies summarised in section 2 below have examined various aspects of lung capacity, lung 

volume variability, utterance length and speech breathing and have found, among other results, that 

both linguistic factors such as speech planning and physiological factors such as lung volume 

restrictions seem to play important roles. The purpose of the present study is to contribute to the field 

by only focusing on physiological factors without the interference of linguistic ones, in order to bring 

additional understanding with regards to the relationship between lung capacity and SV as well as 

utterance duration (UD).  
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Figure 1. Lung Volumes (Wikipedia, 2020). An overview of lung volumes and capacities. Image borrowed from 

https://en.wikipedia.org/wiki/Lung_volumes. 
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2. Background 

Results of many studies have indicated that physiological factors such as lung capacity affects 

utterance duration. According to Boucher and Lalonde (2015), the effects of such factors were almost 

accidentally discovered by Brown (1973), in the longitudinal study of three children. As the children 

grew older and more cognitively developed, their UDs increased. However, one child suddenly 

produced much shorter utterances on one occasion when she had a cold, due to shortness of breath. 

Below is a summary of various studies which have motivated the present study and its methodological 

choices. Section 2.1 summarises studies with results indicating that linguistic factors, such as speech 

planning, influence UD and SV. Section 2.2 contains a summary of studies with results indicating that 

physiological factors, such as lung capacities, influence UD and SV. 

2. 1 Linguistic factors 

Two studies by the same researchers were carried out in 1994 and 1995, respectively, both indicating 

that speech planning affects speech volume variability (the amount of air used for each utterance). The 

first one (Winkworth, Davis, Ellis & Adams, 1994) examined speech volumes during reading and how 

the volumes were affected by various factors. The participants were 6 young women and the 

experiment was carried out over 7-10 sessions. Respiratory movements were measured using RIP, and 

VC was calculated by allowing the subjects to breathe into a spirometer. Both intrasubject and 

intersubject variability in speech volumes during reading, within as well as between sessions, were 

considerable. The results showed that speech volumes were increased for (1) louder utterances, (2) 

inhalations at sentence and paragraph boundaries compared to other locations, (3) longer utterances 

compared to shorter, and (4) initial breaths compared to final. There was no lung volume variability 

during the resting tidal breathing that preceded and followed the speech trials. In other words, the 

results of this study indicate that speech planning has a significant effect on speech volume variability 

and that subjects manipulated their speech volumes as required and thus consistently inhaled at 

grammatically appropriate places. 

The second study by the same researchers (Winkworth, Davis, Adams & Ellis, 1995) examined speech 

volume variability during spontaneous speech rather than reading. Again, 6 young women participated 

in 7-10 sessions and again, speech volumes varied during and between sessions. The results indicated 

that, just like when the participants were reading, speech volume variations were influenced by 

linguistic factors - the majority of inhalations preceded clause boundaries and the volume of air 

inhaled corresponded to the length of the following utterance.  

Another study (Hixon, Goldman & Mead, 1973) also found that expirations (containing utterances) 

tended to terminate at sentence or phrase boundaries, especially during reading activities. The subjects 

were six healthy adult males and the utterance tasks consisted of spontaneous conversation, normal, 

soft and loud reading, and normal singing. Among other results, they found that the subjects only 

crossed sentence boundaries without pausing to inspire in the case of loud reading, as opposed to soft 

and normal reading. They also found that mechanical factors were important with regards to speech 

volume variations, in that the subjects maintained a fairly relaxed state with no major fluctuations in 

muscle pressure. The mechanical factors, however, did not take precedence over the linguistic factors. 

Instead, there was a give and take between the two factors, meaning that both mechanical and 

linguistic constraints affected the expirations and therefore utterance durations. 

2. 2 Physiological factors 

Another study (Huber, 2008) examined age-related changes in speech breathing by comparing the 

results of older adults (mean age 72 yrs) to those of younger (mean age 23 yrs), as pulmonary elastic 



4 

 

recoil and respiratory muscle strength can affect older adults’ use of their lungs during speech. The 

participants talked freely about a topic of their own choice, for three minutes. A breath group was 

defined as all of the words produced on one breath and the number of syllables in each breath group 

was counted. Utterances were divided into four groups based on the length of the utterance. They 

found that older adults produced shorter utterances than younger, that both age groups produced more 

syllables per breath group when the utterance length category increased, that older adults spoke more 

slowly than younger for all utterance groups apart from the shortest and that older adults spoke 

significantly slower for the shortest utterances compared to the longer. Younger adults spoke more 

slowly for the two shorter utterances than the two longer ones. For both groups, the following results 

were found: Lung volume initiation (where speech started) increased significantly as utterance length 

increased; lung volume termination (where speech ended) decreased significantly as utterance length 

increased; lung volume excursion (lung volume termination subtracted from lung volume initiation) 

increased significantly as utterance length increased, and vital capacity expended per syllable (lung 

volume excursion divided by syllables in each breath group) was significantly larger for the shortest 

utterances as compared to the longer ones. The results taken together suggest that lung capacity affects 

utterance duration, and that utterance duration is a part of premotor speech planning processes.  

A study by Boucher and Lalonde (2015) examined how growing lung capacities influence UD, which 

referred to breath-divided utterances. The VCs of 50 male participants between 5 and 27 years old, 

divided into five age groups, were measured using a pneumotachometer. Speech samples were 

recordings of one-to-one conversations: monologues were obtained by way of open-ended questions 

and topics based on the participants’ interests. Both VC and UD (with regards to morpheme and 

syllable counts) increased with age, and there were strong correlations between UD and VC as well as 

between UD and long lexemes. The authors conclude that interpretations of length of utterance as 

simply a product of developing knowledge are not complete interpretations as they do not take into 

account growing breath capacities. 

Another study (Hoit & Hixon, 1987) examined the relationship between age, VC and UD, as well as 

the relationship between age and speech breathing. 30 healthy men from three different age groups - 

25, 50 and 75 - had their vital capacities measured using a spirometer. The subjects had to meet many 

criteria to partake in the study, to make certain that no health issues affected the results; for instance, 

only healthy subjects with VC at least 80 % of the normal values for men of corresponding age, and 

with average body type, were chosen for the study. Thus, the resulting variations could only be due to 

age related differences, one of the differences being a decrease in VC with older age. The study 

examined speech breathing for both reading and spontaneous speech and found differences between 

age groups mainly for spontaneous speech: for instance, the youngest group had the lowest mean lung 

volume excursion (the amount of air expended during a speech breathing cycle), and percentage of VC 

expended per syllable, and for all these measures the oldest group had the highest mean. Also 

examined was number of syllables per breath group, where the youngest group had a higher mean than 

the oldest group. With regards to reading, the only significant difference was found in percentage of 

VC expended per syllable, where the youngest group again had the lowest mean. They also measured 

the absolute volume of air expended per syllable (cc/syllable) and, though there were no statistically 

significant differences between age groups, there was a strong tendency for cc/syllable to increase with 

age. The authors believe that these differences are due to certain physiological age-related differences, 

such as reduced downstream valving which leads to a greater loss of lung volume during speech. Due 

to this, the older subjects may anticipate that a larger volume of air is necessary to produce the ensuing 

breath group than what is needed for younger subjects and may thus inspire to a higher volume. 

The study that the current study builds on (Heldner, Carlsson & Włodarczak, 2019) investigated 

whether lung capacity affected utterance duration and respiratory rate. 8 subjects, 4 males and 4 

females, between the ages of 22 and 31, participated. VC was measured using a spirometer, which 

produced an estimation of each subject’s VC, in litres. An utterance was defined objectively and 

purely phonetically, as the duration of speech between inhalations, in order to link the results as 

strongly as possible to lung volume restrictions. For the same reason, the speech samples were 

procured by allowing the subjects to read a text of nonsense words without punctuation marks - it was 

expected that this would produce a situation where the participants only inhaled when it was 
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physiologically necessary rather when grammatically appropriate. Each subject’s respiratory 

movements were registered using a Respiratory Inductance Plethymography (RIP) system, which 

captured movements of the rib cage and abdomen during speech. The results of the study showed no 

significant correlations between VC, UD and respiratory rate. The authors hypothesised that one 

possible reason for this is that the subjects with smaller VCs inhaled air corresponding to a larger part 

of their VC before each utterance than did the subjects with larger VCs, thus using approximately the 

same amount of air for speech as the subjects with larger VCs. 

2. 3 This study 

The present study will, like several studies mentioned above, investigate the role of VC with regards to 

UD and speech volume. In order to contribute valuable results to the field, certain methodological 

choices are similar to those described whereas others are different, as will be made evident in section 

3. For instance, the utterances will be defined phonetically, as an objectively measured unit of speech 

duration between inhalations, so as to link the results as strongly as possible to physiological 

differences. A text of nonsense-words without punctuation marks will be read by the participants in 

order to circumvent the issue of speech planning. The reason for reading rather than spontaneous 

speech is that all participants should base their speech on the same material in order to control for 

unnecessary differences which could affect the end results. In addition to obtaining values of VC, 

Inspirational Capacity (IC) will be measured: the lowest points of the VC values obtained from the 

RIP belts cannot be accurately compared with those from the spirometer due to the tendency to 

exaggerate abdominal movements when forcibly exhaling the very last VC. Thus, the IC values from 

the spirometer are necessary in order to compare the values from the RIP belts with those from the 

spirometer. The reason for this study is not only to attempt to demonstrate the effects of physiological 

factors without the interference of linguistic ones, but also to demonstrate the role of lung capacity 

without the interference of physiological factors that are due to ageing. In other words, this study has a 

narrower focus than most previous studies in order to investigate the impact of non-growing lung 

capacities which are not yet deteriorating due to old age. The essence of this study will be made clear 

below. 

2. 3. 1 Aims and research questions 

The purpose of this study is to investigate whether a person’s lung capacity influences the duration of 

their utterances, their respiratory rate and how much of their lung capacities are used for speech. The 

following research questions have been formulated: 

1. Is there a significant relationship between a person’s lung capacity and the duration of their 

utterances? 

2. Do people with smaller lung capacities inhale more often during speech than those with larger 

lung capacities? 

3. Is the proportion of a person’s lung capacity that is used for speech larger for those with 

smaller lung capacities than those with larger? 

4. How much of the total volume of their lung capacity does a participant inhale before an 

utterance initiates and how much is left when an utterance terminates? 
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3. Method 

3. 1 Participants 

8 subjects, 4 males and 4 females, between the ages of 24 and 36. All but one were native speakers of 

Swedish and the non-native was fluent in both spoken and written Swedish. None of the participants 

were smokers and none reported any speech or hearing difficulties apart from one who had a slight 

cold. For a full view of the participants respective ages as well as their heights and weights, see table 

1. 

Table 1. Weight (in kg), height (in cm) and age (in yrs) of each participant. F 1-4 are females and M 1-4 are males. 

ID Weight (kg) Height (cm) Age (yrs) 

F1 58 162 27 

F2 58 168 29 

F3 63 170 25 

F4 45 150 36 

M1 80 184 32 

M2 57 175 24 

M3 63 182 31 

M4 92 182 32 

3. 2 Materials 

To estimate lung capacity measures such as VC and IC, a digital spirometer (CareFusion Micro-loop) 

was used. A Respiratory Inductance Plethymography (RIP) system developed in the Phonetics Lab at 

Stockholm University (RespTrack) was used to capture respiratory movements of the rib cage and 

abdomen during speech as well as during the lung capacity estimations when the participants breathed 

into the spirometer. The RIP signals were recorded using an integrated data acquisition (DAQ) system 

(PowerLab and LabChart from AD Instruments). A Superlux Pink Stick noise generator presented 

pink noise via headphones (Beyerdynamic DT 770) during the reading task. Speech was captured 

using a headset microphone (Sennheiser HSP 4) and this signal was also recorded with the DAQ. 

3. 3 Procedure 

The participants participated individually, with the experimenter being the only other person in the 

room. Each experiment lasted approximately half an hour. After signing a consent form, part one of 

the experiment ensued: the participant breathed into the spirometer while wearing the RIP belts over 

abdomen and rib cage. First, information regarding age, weight, height and possible smoking habits 

were asked of each participant and entered into the spirometer. Secondly, the participants were 

instructed to perform the isovolume manoeuvre which, in essence, means shifting volume back and 

forth between rib cage and abdomen while keeping the glottis closed (Konno & Mead, 1967). This 

was done to calibrate the contribution of the rib cage and abdomen belts to the weighted sum of the 

two belts. Subsequently, the subjects were instructed to breathe into the spirometer using tidal 

breathing until the experimenter told them it was time to inhale as deeply as they were able followed 

by an exhalation that emptied the lungs as much as possible, so that only RV remained. After that the 

participants used tidal breathing for approximately two more breaths, until instructed to finish. This 

whole procedure was repeated as least 3 times, to allow the spirometer to obtain robust estimates; 

occasionally the spirometer indicated that the procedure had to be repeated one or two times more. 

Between each of the 3-5 times, the participants were encouraged to take short breathing-pauses in 

order to restore their breathing to normal, whenever necessary. 
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Part two of the experiment involved reading a text of nonsense-words while again wearing the RIP 

belts over abdomen and rib cage. The text was a simplified version of Lorem Ipsum: no words were 

longer than two syllables; Cs in the text were replaced with Ks to avoid confusion regarding whether 

to pronounce them [s] or [k]; Qs were replaced with Ks as Q is not a naturally occurring letter in 

Swedish orthography; and vowel-combinations and certain consonant clusters that do not exist in 

Swedish were changed. In addition, all punctuation marks were removed, and all capital letters were 

changed to lowercase, so that there would be no clue as to the start and end of sentences. 

The subjects were given the text in order to familiarise themselves with it. They were then instructed 

to read it without pause and to try not to focus on pronunciation but rather to read with as much ease 

and fluency as they were able, and to continue reading until the experimenter gave a signal to stop. 

While reading, the subjects sat straight-backed in a chair wearing a microphone that was placed 

approximately two centimetres to the side of their mouth, as well as headphones playing pink noise at 

60 dB SPL (noise level calibrated with an SPL meter). The use of pink noise was to ensure that all 

participants spoke at approximately the same volume and thus used similar force when speaking: the 

subjects were instructed to speak loudly enough to hear their own voice over the noise in the 

headphones, but only just. Each participant read the text for approximately 7 minutes. There were no 

interruptions, and apart from some hesitations all participants read with satisfactory fluency. 

3. 4 Calculations 

3. 4. 1 Utterance Duration 

UD was calculated using the function Annotate to Textgrid (Silences) in Praat (version 6.0.43). This 

function divided each sound file into silences and utterances, based on restrictions regarding the 

minimum lengths of silences and utterances in seconds, as well as a lower threshold for fundamental 

frequency (fo). Minimum silence was set to 0.4 s, and minimum sound was set 0.3 s. These restrictions 

were decided upon after having inspected a few examples manually as well as having tried various 

time restrictions in order to ascertain which restrictions were likely to give the best results. fo was set 

to 100 Hz for women and 75 Hz for men. Even with these restrictions, however, certain silences that 

did not correspond to breaths were annotated, such as hesitations and swallowings. Since an utterance 

in this study is defined as the length of speech between each inhalation, the automatically generated 

segmentations had to be manually corrected wherever a silence that did not correspond to an inhalation 

had been annotated. Thus, the end result was that every annotated silence interval corresponded to an 

inhalation, and utterance duration corresponded to duration of speech. This was done by listening to 

the sound files while looking at the waves from the RIP belts (displayed by Praat) which clearly 

showed where inhalations occurred.  

In order to calculate median UD, the information about each utterance from each individual was 

tabulated from Praat, using the function Tabulate – down to table… The table was opened in Excel, 

where median UD for each participant was accordingly calculated. Additionally, the UDs (and VCs) 

from the pilot study (Heldner et al. 2019) were imported and added to the UDs of this study. 

Subsequently, all utterances were sorted from shortest to longest and a box plot (figure 5) was created, 

illustrating intra-speaker variation of utterances sorted by size of VC. 

3. 4. 2 Speech Volume and proportion of VC used for speech 

To calculate the SV of each subject, the data from the RIP belts obtained while the participants 

breathed into the spirometer was combined with the estimations of IC, from the spirometer. LabChart 

illustrated the breaths in waveform (figure 2a, below) and the waveforms were analysed using 

RespInPeace, a Python toolkit which analyses data from RIP belts (Włodarczak, 2018, 2019). 

RespInPeace provided output regarding the volume used for each utterance and the volumes were 

expressed with the use of uncalibrated values (the values will hereafter be known as R-values) (figure 

2b, below). The spirometer showed the estimations of IC in litres for each of the 3-5 times the 

procedure was repeated, and the highest volume IC for each participant could thus be paired with the 
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corresponding R-value in the output from RespInPeace: the value of the IC-wave (ICR) (all 

abbreviations in this section are found in table 2, below). ICR is the total IC, meaning difference 

between the valley and peak of the wave (ICR
min and ICR

max). The ICR values were subsequently 

translated into litres, based on the estimation from the spirometer (ICL). Accordingly, an R to L (RtL) 

factor was calculated for each participant, by dividing ICL with ICR (equation 1). Thus, all other R-

values could be expressed in litres as well, and VC litres (VCL) could be transformed into R-values 

(VCR) by dividing the litre value with the RtL factor (equation 2). A median of the R-values of the 

exhalation waveforms during text-reading was calculated (SVR). That number was transformed into 

litres (SVL) by multiplying it with the RtL factor (equation 3). Subsequently, SVL was divided by VC, 

in order to obtain Speech Volume as a proportion of VC (SV/VC).  

 

Table 2. All abbreviations in this section and their meanings. 

Abbreviations ICR and 

VCR 

ICR
min 

and 

ICR
max 

ICL and 

VCL 

RtL SVR VCR
min 

and 

VCR
max 

SVIN 

and 

SVTER 

SVR
min 

and 

SVR
max 

SV/VC 

Meaning Total 

IC/VC 

in R-

values 

Bottom 

of IC-

wave/to

p of IC-

wave in 

R-

values 

Total 

IC/VC 

in litres 

R-

values 

to 

Litre-

values 

factor 

Median 

of R-

values 

of 

exhalati

on 

wavefo

rms 

Bottom 

of VC-

wave/to

p of 

VC-

wave in 

R-

values 

SV-

initiatio

n/SV-

termina

tion 

within 

VC 

Median 

of 

bottom/

top of 

exhalati

on 

waves 

Speech 

Volume 

as a 

proporti

on of 

VC 

 

RtL =
ICL

ICR
                                           (1) 

 

VCR =
VCL

RtL
                                          (2) 

 

SVL = SVR ∗ RtL                                 (3) 

 

Given that VC is the exhalation following the inhalation that is IC, ICR
max could also be considered the 

top VCR value (VCR
max) (see figure 3, below). Thus, the entire VC range could be translated into R-

values by subtracting VCR from VCR
max. This resulted in a value for VC bottom (VCR

min). Thus, SV 

range within VC could be calculated, in order to determine where exhalations were initiated (SVIN) 

and terminated (SVTER). This was accomplished by calculating a median of the R-values for the 

bottom of the text-reading waves (figure 2a) (SVR
min), as well as a median of the tops of those waves 

(SVR
max). The difference between VCR

min and SVR
min, as well as the difference between VCR

min and 

SVR
max, was accordingly calculated. Subsequently, each of those differences was divided by VCR. 

Thus, the results of the calculations (equations 4 and 5) showed the distance between SV bottom and 

VC bottom (SVTER) and the distance between SV top and VC bottom (SVIN), expressed as percentages 

of the total VC. 
 

SVIN =
|SVmax

R − VCmin
R |

VCRESP
                   (4) 
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SVTER =
|VCmin

R − SVmin
R | 

VCR
                 (5) 

Additionally, intra-speaker variations of SV/VC were calculated by sorting all exhalation waveforms 

for each participant from smallest to largest and dividing their litre values by VCL. A box plot (figure 

8) was created where the variations were sorted by VC. 

 

 

 

Figure 2. Part a illustrates an example of waveforms during text-reading, in LabChart. Part b illustrates an example of the 

output from RespInPeace regarding the waveforms, during text-reading. 

 

 

 

Figure 3. An overview of lung capacities and volumes, including an example of Speech Volume (SV) in relation to Vital 

Capacity (VC). 

3. 4. 3 Respiratory Rate 

Respiratory Rate (RR) was calculated using the same annotation as mentioned above, as well as the 

Praat function Query interval tier - count intervals where… Using this function, the number of 

annotated silences (which, as mentioned above, all corresponded to inhalations only) per sound file 

could be calculated. The length of each sound file, in seconds, was then divided by 60, to get the 

length in minutes. Accordingly, the total number of silences was divided by the sound file’s length in 

minutes, to calculate the mean number of inhalations per minute. 



10 

 

4. Results 

The results of the calculations mentioned in section 3.4 (apart from SVIN and SVTER) were statistically 

analysed in SPSS Statistics (version 25), using linear regressions. Table 3 illustrates a comprehensive 

overview of the linear regressions performed, along with the significance effect of each. Table 4 

demonstrates the F-values, P-values and correlation coefficients (R) of the output from the linear 

regressions performed between VC, UD, SVL, SV/VC and RR. This section is divided into four sub-

sections, one for each research question: sections 4.1, 4.2, 4.3 and 4.4, respectively. 

 

Table 3. All linear regressions performed are marked with an X. The regressions that show either a positive or negative 

significant relationship (p=<0.05) are marked with an Asterix *.  

Measurements VC UD SVL SV/VC RR Weight Height Age 

VC   X X X X X* X* X 

UD X   X X X*       

SVL X X   X X* X X X 

SV/VC X X X   X* X X X 

RR X X* X* X*         

Weight X*   X X         

Height X*   X X         

Age X   X X         

 

 

Table 4. F-values, P-values and the correlation coefficients (R) of the linear regressions of VC and UD, VC and SVL, VC and 

SV/VC, VC and RR, UD and SVL, UD and SV/VC, UD and RR, SVL and SV/VC, SVL and RR as well as SV/VC and RR. 

Variables F-values and P-values R-values 

VC & UD F(1,15) = .34, p = .57 -.155 

VC & SVL F(1,7) = 2.23, p = .19 .521 

VC & SV/VC F(1,7) = 2.47, p = .17 -.540 

VC & RR F(1,7) = .002, p = .96 -.019 

UD & SVL F(1,7) = 3.86, p = .09 .626 

UD & SV/VC F(1,7) = 4.80, p = .07 .667 

UD & RR F(1,7) = 42.01, p = .001 -.935 

SVL & SV/VC F(1,7) = 1.31, p = .29 .423 

SVL/RR F(1,7) = 8.57, p = .03 -.767 

SV/VC & RR F(1,7) = 6.13, p = .05 -.711 

4.1 VC and UD 

In answer to research question 1, the linear regression between VC and UD indicates no significant 

relationship (p = 0.567), meaning that the size of VC does not appear to influence duration of 

utterances. Table 5 shows each participant’s VC and median UD, including all participants from the 

pilot study (Heldner et al., 2019). The results are as follows: the range of VCs spans from 2.3 litres to 

6.0 litres; and median UDs range from 1.8 seconds to 9.6 seconds. Figure 4 demonstrates this with a 

scatter plot of UD and VC. Figure 5 illustrates the intra-speaker variations of UD, where participants 

are sorted by size of VC.  
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Table 5. Each participant’s VC (litres) and median UD (seconds). 

Participant F1 F2 F3 F4 M1 M2 M3 M4 F5 F6 F7 F8 M5 M6 M7 M8 

VC 4.3 3.6 3.1 2.3 5.5 3.8 4.5 5.4 2.9 4.1 5.3 3.3 5.3 5.7 6.0 4.0 

UD 2.4 9.6 3.5 4.3 4.2 6.5 3.9 5.9 5.0 6.6 2.6 3.9 6.5 3.9 2.9 1.8 

 

 

 
Figure 4. Scatter plot of median Utterance Duration (UD) (seconds) and Vital Capacity (VC) (litres).  
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Figure 5. Intra-speaker variation of duration of utterances (in seconds). The participants are arranged by the size of their VCs 

in ascending order. The bottom and top vertical lines represent the minimum and maximum values. The bottom and top of the 

box represent the 1st and 3rd quartile. The middle line of the box represents the median. The dots are outliers.  The “M” stands 

for male and the “F” for female. 

4.2 VC and RR 

In answer to research question 2, the linear regression between VC and RR indicates no significant 

relationship (p = .964), meaning that the size of VC does not appear to influence how often a person 

inhales during speech. Table 6 shows each participant’s VC and RR. The results are as follows: the 

range of VCs spans from 2.3 litres to 6.0; and RRs range from 6 per minute to 18 per minute. Figure 6 

illustrates this with a scatter plot of VC and RR. 

 
Table 6. Each participant’s VC (litres) and RR (count per minute). 

Participant VC RR 

F1 4.3 18 

F2 3.6 6 

F3 3.1 14 

F4 2.3 12 

M1 5.5 12 

M2 3.8 8 

M3 4.5 13 

M4 5.4 9 
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Figure 6. Scatter plot of Respiratory Rate (RR) (count per minute) and Vital Capacity (VC) (in litres). 

4.3 VC and SV/VC 

In answer to research question 3, the linear regression between VC and SV/VC indicates no significant 

relationship (p = .540). This result suggests that the size of a person’s VC does not affect how large a 

proportion of VC that is used for speech. Table 7 shows each participant’s VC, median SV/VC and 

median SVL. The results are as follows: the range of VCs spans from 2.3 litres to 6.0; median SV/VCs 

range from 15% to 35%; and the smallest median SVL is 0.6 litres whereas the largest is 1.3 litres. 

Figure 7 demonstrates the relationship between VC and SV/VC with a scatter plot. Figure 8 illustrates 

the intra-speaker variations of SV/VC, where participants are sorted by size of VC. 

 
Table 7. Each participant’s VC (litres), SV/VC and SVL. 

Participant VC SV/VC SVL 

F1 4.3 15% 0.6 

F2 3.6 32% 1.1 

F3 3.1 21% 0.6 

F4 2.3 31% 0.7 

M1 5.5 21% 1.2 

M2 3.8 35% 1.3 

M3 4.5 18% 0.9 

M4 5.4 19% 1.1 
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Figure 7. Scatter plot of Speech Volume as a proportion of Vital Capacity (SV/VC) (%) and Vital Capacity (VC) 

(litres). 

 

 

Figure 8. Intra-speaker variation of Speech Volume as a Proportion of VC (SV/VC). The participants are arranged by the size 

of their VCs in ascending order. The bottom and top vertical lines represent the minimum and maximum values. The bottom 

and top of the box represent the 1st and 3rd quartile. The middle line of the box represents the median. The dots are outliers. 

The “M” stands for male and the “F” for female. 
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4.4 SVIN and SVTER 

In answer to research question 4, table 8 demonstrates the inter-speaker variations of SVIN and SVTER. 

SVIN ranged from 43%-71% and SVTER ranged from 17%-55%. In other words, no one inhaled to 

more than 71% of their VC before utterances and no one exhaled to less than 17% of their VC during 

utterances. SV/VC equals SVTER subtracted from SVIN. 

 

Table 8. Each participant’s median SVIN (expressed as percentage of distance from the bottom of VC), and SVTER (expressed 

as percentage of distance from the bottom of VC). 

Participant F1 F2 F3 F4 M1 M2 M3 M4 

SVIN 70% 49% 43% 55% 52% 60% 71% 54% 

SVTER 55% 17% 22% 24% 31% 25% 53% 35% 

 

  



16 

 

5. Discussion 

5. 1 Discussion of results 

The answers to the research questions posed in section 2.3.1 are as follows: 1 – No, this study could 

not find a significant relationship between VC and UD; 2 – No, this study could not find a significant 

relationship between VC and RR; 3 – No, this study could not find a significant relationship between 

VC and SV/VC; 4 – SVIN ranged from 43%-71% and SVTER ranged from 17%-55%. 

With regards to question 1, a linear regression was performed between VC and UD, including UDs 

from the pilot study (Heldner et al. 2019). There was no a significant relationship, which is at odds 

with previous research described in section 2 (apart from Heldner et al. 2019), where several studies 

found that people with a larger VC produced longer utterances than those with smaller VCs. 

Regarding question 2, a linear regression proved no significant relationship between VC and RR. As 

there was no relationship between VC with UD, this was not surprising, as respiratory rate should 

directly affect utterance duration when the utterances are defined as the duration of speech between 

inhalations. With respect to question 3, a linear regression did not demonstrate a significant 

relationship between VC and SV/VC, meaning that the size of a person’s VC does not appear to 

influence how much of their VC that is used for speech: this was examined due to the fact that the 

pilot study (Heldner et al., 2019) could not find a significant relationship between VC and UD and 

thus hypothesised that people with a smaller VC might use a larger part of it for speech than those 

with a  larger VC. However, the present study could find no evidence to support that hypothesis. 

Question 4 asked what the range of SV within VC would be, mainly in order to further understand 

how the participants used their SVs. The participants generally stayed within the mid-range of their 

VCs, which indicates that they never exerted much muscle pressure during the reading task. 

First it is worth mentioning that the fact that there was a significant relationship between VC and 

weight as well as VC and height is an indication that the estimations of VC were correct, as VC is 

known to correlate with weight and height (e.g. Bellemare et al., 2003; Bhatti et al., 2014; Boren et al., 

1966; Internmedicin, 2019a, 2019b; Morris et al., 1992). 

The fact that there was no significant relationship between VC and UD is not in accordance with the 

results of several studies described under section 2 (Huber, 2008; Boucher & Lalonde, 2015; Hoit & 

Hixon, 1987). Furthermore, there was no significant negative relationship between VC and SV/VC to 

explain why there was not a positive one between VC and UD. Also, as demonstrated by the R-value 

of VC and UD (table 4), the relationship was negative rather than the positive relationship found in 

other studies. All studies mentioned above examined age-related changes in lung capacity, as well as 

other lung functions, and thus it is possible that a more detailed examination of various lung functions 

as well greater inter-speaker variations are required in order to show a significant relationship between 

VC and UD. The participants of this study had a rather large variation with regards to VC, but they 

were all in their 20s and 30s and thus there were probably no age-related effects such as respiratory 

muscle strength (Huber, 2008) or reduced downstream valving (Hoit & Hixon, 1987) affecting the 

participants’ lung capacities. Young adults who are healthy and can use their SVs effectively may very 

well be able to influence the duration of their utterances to their liking, regardless of the sizes of their 

VCs. The ones with smaller SVs might simply use the air in their lungs more sparsely, wasting less of 

their SVs per syllable than those with larger SVs. This is difficult to determine, as a flow-mask was 

not used in this study. The point of this study was to have a narrower focus than most previous studies 

in order to investigate the impact on UD of non-growing lung capacities which are not yet 

deteriorating due to old age. The results do not indicate any impact at all.  

Although the relationship between UD and SVL was not a research question, it is still worth taking into 

account the fact that SVL appears to have no significant relationship with UD. This could be due to the 

fact that UD and SV were based on data from two different programs (Praat and RespInPeace, 

respectively). The output from RespInPeace provided fewer exhalations than there were UDs in the 

output from Praat. The likely explanation for this is that RespInPeace did not take into account the 
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very small exhalations containing the very short utterances that the output from Praat contained. In 

other words, the shortest utterances did not have any counterparts in very small exhalations. There 

were never more than a few missing exhalations for any participant, however, and for some 

participants there were none. This is reflected in the fact that the relationship between UD and SVL 

was not far from significant (p = .097). There is of course also the possibility that the participants did 

not always use all of their dedicated speech volume for actual speech, perhaps due to hesitations 

resulting in the last of the exhalation being without speech, or a change of mind regarding where the 

utterance should end. The manual corrections of the UD and RR annotations removed all silent 

exhalations discovered but it is possible that some were missed. If the participants often changed their 

minds regarding where the utterance should end, however, they could have exhaled more air per 

syllable than they otherwise would have, so that the utterance still ended when the air ran out. This 

could be an indication that pre-motor speech planning was successfully avoided, though it would 

instead indicate that they planned their utterances while speaking. There were many hesitations and 

though some of them may have occurred due to the participants not knowing how to pronounce the 

following word, others may have occurred as a result of the participants’ confusion regarding where 

the sentence or phrase should end. On the other hand, the box plot of intra-speaker variations of UD 

(figure 5) indicates that there was a fair amount of variation with regards to utterance duration. This 

could be a sign of speech planning, as variation would be expected in such a case. If there was pre-

motor speech planning, linguistic factors have interfered, and the results do not correspond directly to 

physiological factors such as VC. Several studies mentioned under section 2 have proven that speech 

planning influences duration of utterances, and that inhalations tend to occur at phrase and sentence 

boundaries (Huber, 2008; Winkworth et al., 1994; Winkworth et al. 1995; Hixon et al., 1973), which is 

why the text read in this study gave no clues as to linguistically appropriate places to inhale. Thus, if 

the method of this study also resulted in speech planning, that raises the possibility that speech 

planning cannot be avoided, and that people subconsciously plan their utterances even when there are 

no clues as to clause or phrase boundaries. The study by Hixon et al. (1973) found that in addition to 

linguistic factors, mechanical factors such as muscle pressure also influence duration of utterances: 

people seemed to prefer to maintain a fairly relaxed state with regards to muscle pressure and would 

only inhale a very large part of their VC when instructed to and would return to their usual mid-

volume range of VC as soon as possible, with only interruptions due to linguistic factors slowing them 

down. The present study’s results regarding SVIN and SVTER indicate that the participants generally did 

not use a large part of their VCs for speech and that their SVs were never particularly close to either 

the top or bottom of their VCs. Thus, it seems that not much (if any) muscle pressure out of the 

ordinary was involved. This could be an indication of the same mechanical factors Hixon et al. (1973) 

wrote about. Considered together with the intra-speaker variations discussed above, the results of this 

study, like those of Hixon et al. (1973) could indicate that there is a give and take between linguistic 

and mechanical factors.  

 

UD showed a negative relationship with RR, which is not surprising. It could not have been the case 

that there were long utterances and many inhalations, as inhalations interrupted utterances. It could in 

theory have been the case that there were short utterances and few inhalations, if people had inhaled 

deeply and then only used a little bit of the exhalation for speech and exhaled the rest without 

speaking. The silent exhalations, though, would surely have passed much faster than they would have 

if they had contained utterances, meaning that the following inhalation would still have occurred very 

soon after the utterance ended (and as silent exhalations were manually removed, only very short ones 

are likely to have been missed). This negative relationship indicates that the exhalations were mainly 

used for speech: if a participant inhaled deeply then the resulting exhalation contained a relatively long 

stretch of speech until it was at least nearly finished, and vice versa. Possible mistakes with the manual 

corrections would not be numerous enough to explain such a strong relationship. 

 

The fact that there was no significant relationship between VC and SV/VC was surprising but there is 

no reason to doubt the results. The direction was negative, but not close enough to significance to be 

able to speculate as to whether the inclusion of more participants would have yielded a significant 
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result. Based on these results, it seems that people with smaller VCs do not compensate by using more 

of them for speech. In fact, nobody had a larger median of SV/VC than 35 % or a smaller median of 

SV/VC than 15%. If participants with smaller VCs had used a larger proportion for speech they could 

surely have gone as high as a least 50% without exerting so much muscle pressure that it would be 

strenuous. This would be expected if they felt the need to produce long sentences, and the intra-

speaker variations of SV/VCs illustrated in figure 8 do indicate large variations with a fair number of 

SV/VCs above 50 %. All participants had a variation range of at least 40 %, from approximately 5% to 

an outlier of nearly 80%. The interquartile range, however, did not stretch to below 10 % or above 

40% for anyone, indicating that for the most part the participants did not go out of their way to 

produce long sentences by using a large part of their VCs for speech. This is also demonstrated by the 

median SVINs and SVTERs and, as mentioned, is in accordance with what Hixon et al. (1973) found. 

The fact that there was still a fair amount of variation, however, could be an indication of speech 

planning. The studies by Winkworth et al. 1994 and Winkworth, et al. 1995 found a great deal of 

speech volume variation due to speech planning. It is definitely possible that the variations of UD, 

discussed above, along with the variations of SV/VC (figure 8) are due to speech planning but that 

there is a give and take between mechanical and linguistic factors. It is also possible that the text of 

nonsense words read in this study did what it was supposed to in part: the participants may have been 

confused as to where they should end their utterances and thus their UDs may in general have reflected 

their physiological restrictions, but many variations could still have occurred due to instinctive 

attempts at speech planning.  

5. 2 Discussion of method 

Some of the linear regressions may have yielded significant results had there been a larger number of 

participants or if all data points had been included rather than reducing the data to averages. As UDs 

and VCs from the pilot study were added to the ones of this study, that regression had 16 data point, 

but the rest only had 8. Even 16 is not a large number of participants, and it is highly possible that the 

relationship would have been significant had there been more participants.  

The text of nonsense words without punctuation marks was designed in order to avoid speech 

planning. However, it cannot be known whether speech planning was successfully avoided: a 

comparison with the reading of a text (by the same participants) with linguistic clues such as 

punctuation marks, would make it clearer. 

It’s possible that mistakes were made with the annotation. The automatic annotation only divided each 

sound file into utterances and silences and the silences sometimes contained hesitations without 

inhalations and sometimes an exhalation without speech. All annotations were corrected manually so 

that utterances stretched until voicing ended before the following inhalation. If an utterance was 

followed by a silent exhalation of the rest of the speech volume, then the annotation was changed so 

that the exhalation was not part of either the utterance or the inhalation. There were not many cases of 

silent exhalations found, however, and it is of course possible that some were missed and that the 

result was duly affected. 

The method of this study is in many ways much simpler than those of previous studies discussed 

above. The aim was to find simple relationships without too many variables: had more significant 

relationships been found, it would have been an indication that the connection between lung capacity 

and UD as well as SV is in essence a simple one and that no more variables need to be taken into 

account. However, several expected significant relationships were not found, which indicates that 

either the method did not examine enough variables, or there were not enough participants, or both.  

It is also the case that, though the participants generally read the text with fluency, there were a fair 

amount of interruptions in the form of hesitations which can be attributed to linguistic processing. 

Some of these hesitations did not contain inhalations and thus did not affect the calculations of UD, 

but the ones containing inhalations were taken into account in order to maintain objectivity: UD was 

defined as the duration of speech between inhalations, and any deviation from that would have meant a 
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subjective choice. Therefore, many short utterances that did not necessarily reflect the participants’ 

lung capacities were part of the calculations, meaning that UD was affected.  

More reliable results could have been achieved if the experiment had been repeated for each 

participant over the course of several sessions. Comparisons between the first and the last session 

might then have made it clear whether nerves and unfamiliarity with the procedures affected the text-

reading and lung volume examinations. As it was, the lung volume procedure was repeated 3-5 times 

for each participant, meaning that the largest lung volume estimations are still likely to truthfully 

reflect the participants’ lung volumes. In addition, they were allowed to familiarise themselves with 

the text before reading, which might not have made them more relaxed in general but in all likelihood 

put them more at ease with regards to reading. The fact that each participant partook in the experiment 

one at the time might have contributed to a more relaxed mental state for some but might have had the 

opposite effect for others. 

5. 3 Future research 

A future study would benefit from consisting of more than one session, in order to give the 

participants more time to familiarise themselves with the procedures, as this might make them more at 

ease and thus produce more solid results. Ideally, a future study would also have more participants, 

with a greater range of VC. It might also be interesting to include participants with reduced lung 

capacity due to health issues, and to compare the results of those participants to results of healthy 

ones. Additionally, it would be relevant to examine whether speech planning is a factor even without 

linguistic clues as to where inhalations should occur: one way to do this would be to orthographically 

annotate the speech to see if there are consistencies between participants with regards to which words 

precede inhalations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



20 

 

6. Conclusions 

It is difficult to draw conclusions when most results consisted of non-significant relationships. The 

first three research questions were answered in the negative, but there were still some interesting 

results. The fact that VC did not show a significant relationship with either UD or SV/VC seems to 

indicate that lung volume size does not affect utterance duration either through a positive relationship 

between lung volume size and UD, or by people with smaller lung capacity being in the habit of using 

more of it for speech. 

The results, with regards to physiological factors, oppose those from previous studies. However, as the 

method of the present study differed from previous ones in several important respects, these results 

cannot be considered evidence against previous results. 

The intra-speaker variations could be interpreted to indicate speech planning, even though measures 

were taken to circumvent that issue. This could possibly mean that speech planning cannot be avoided, 

and that people will find (linguistically) appropriate locations to inhale regardless of clues such as 

punctuation marks and capital letters. However, some intra-speaker variations might also be attributed 

to inhalations during linguistic processing. Also, it is not possible to know whether this intra-speaker 

variation was as great as it would have been had the text not consisted of nonsense-words without 

punctuation marks. 

The low SV/VC values and the results regarding SVIN and SVTER indicates that the participants 

generally did not use any muscle pressure out of the ordinary while speaking. However, the intra-

speaker variations of SV/VC as well as UD show that the participants did occasionally use a fairly 

large part of their VCs for speech and produced longer utterances. Whether these results were due to 

speech planning combined with mechanical factors is not possible to conclude without further 

research. 

To summarise, further research is needed in order to draw more solid conclusions, and future studies 

should include more variables and consist of more than one session. 
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