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Abstract

This study raises the problem of the difference between normal and forced (deep) speech breathing. The aim of
this work was to study the intonational-pausal segmentation of speech in normal and forced breathing after physical
activity. The results of the study show that in the process of reading, the structure of the text determines the organiza-
tion of breathing, and the breathing rate and respiration depth have an impact on the intonational-pausal segmentation
of speech, as well as on the duration and quantity of intonation pauses.
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AHHOTALUA

B manHOM HCClIeOBaHUM TTOIHUMAETCS! BOIPOC O PA3INIUH OOBIYHOTO M (POPCHPOBAHHOTO (TIIyOOKOT0) pede-
BOTO JbIxaHus. Llenpro paGoThl SIBUIOCH UCCIICIOBAHUE WHTOHAIIMOHHO-TIAY3aJIbHOTO YWICHCHUS PEYH IPH OOBIYHOM
1 (hOpCUPOBAHHOM JIBIXaHHUH TOCIIE (PU3NIECKON HArpy3KH. Pe3ynbraThl HccieJoBaHus TOKA3bIBAIOT, YTO P YTSHUN
CTPYKTypa TEKCTa OIpeelsieT OPraHN3aLHIo JbIXaHUs, a YacTOTa U NIyOHHA JIBIXaHMS BIVSIIOT HA MHTOHAIIMOHHO-
nay3ajbHOE WICHEHUE PEeUH, JUIUTEIbHOCTD U KOJIMYECTBO HHTOHAIIMOHHBIX I1ay3.

KuiroueBble ci10Ba: (OHETHKA; JbIXaTeNbHas May3a; TEKCTOBAs JIOKANIM3AIMS; HHTOHALIMOHHO-TIay3a bHas CeT-
MeHTauust; GOPCUPOBAHHOE [bIXaHUE

1 Introdaction

1.1  Breathing: normal and forced

Breathing is a process consisting of three stages: 1) external respiration; 2) transport of gases by the
circulatory system; 3) internal respiration. For the body processes the cells must receive oxygen and
emit carbon dioxide — this is how energy is released.

External respiration provides lung ventilation that maintains a constant concentration of oxygen and
carbon dioxide in the alveolar air [4].

The respiratory cycle consists of the inspiratory and expiratory phases. During inspiration (which is
an active process), the muscles contract, the diaphragm raises the lower ribs, thereby the chest capacity
increases. Expiration is a passive process: the muscles relax and the diaphragm descends.

Forced breathing (FB), i.e. deep breathing, differs from normal breathing (NB). FB can be associated
with psycho-emotional or physical stress. During muscular exercise, a person needs more oxygen and
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thus the tidal volume increases owing to the need to satisfy the metabolic needs of the body. In the
forced inspiration, the muscles of the back and neck, rotator cuff, and facial muscles also take part. The
chest capacity increases even more compared to a normal inhale. Forced exhalation is also an active
process, by contrast with the normal inspiration, since the lung ventilation should be carried out faster;
the air is sharply released by the means of auxiliary muscles.

During NB, about 1% of the oxygen consumed by the body is spent on the work of the respiratory
muscles; during physical exertion and FB, the energy consumption for lung ventilation increases to 20%.
Thereat, in both cases, the breathing mode (frequency and depth) is carried out involuntarily, depending
on the physical feasibility of the body [15].

1.2  Breathing and speech

There is a distinction between physiologic and speech breathing [5]. In physiologic respiration, the in-
hale is equal in duration to the exhalation. The frequency of inspirations for adults is 16 — 18 p.m. In the
setting of muscle load, the frequency of inhales can reach 40 — 60 p.m. During speech breathing, the
inhale accelerates, and the exhale slows down significantly. The amount of inspiratory air can increase
by 3 times compared to the physiological exhalation [2].

Speech breathing is associated not only with the production of sounds, but also with the formation of
rhythmic-intonational segmentation of speech. In modern phonetics, it is considered that breathing pas-
sively adjusts to intonation pauses (IPs) [6]. A pause is usually understood as a break in articulation and,
consequently, a break in the speech signal. Such pauses can be described as temporal (TPs - they are
realized by a segment of zero intensity in the signal). Moreover, in the absence of a physical pause (NTP
- non-temporal pause) as a pause can be interpreted a sharp change in tone and other prosodic parameters
[7]. A pause in speech is often used for inhaling, but this does not mean that it necessarily occurs because
of the physiological need. A person in a calm state pauses, including in accordance with the semantic
segmentation of speech [17]. Typically, pauses occur between syntactic units. The pause can be filled
with an inspiration and then it is called a breathing pause (BP). A non-breathing pause (NBP) is per-
formed without inhaling. The experimental data (Krivnova 2007 [8], Grogean/Coxtins 1979 [3], Zellner
1994 [16]) show that the preferred location of speech inspiration is the end of a sentence (in English and
Russian) and the end of a clause' (in Russian). In a number of experiments, Krivnova discovered that
the hierarchical structure of text units plays an important role in the organization of speech breathing:
“Text fragments are organized in descending order of the probability of the next breath in a certain way
<...>: paragraph (100%) > sentence within a paragraph (94%) > clause within a sentence (65 %) > com-
ponent within a clause (34 %) [12]. At the same time, the length of the BP varies according to its textual
localization: “Low PBS (Perceptual Boundary Strength) values usually go hand in hand with a short
pause <...>. High PBS values frequently imply a long pause” [13]; see also: “the mean duration of BPs
and NBPs is not only a function of speaking rate but also of syntax. Both types of pauses are longer at
the End S [end of sentence] location than at any other location and as the linguistic importance of the
breaks diminishes, so does the duration of BPs and NBPs” [3].

In case of forced breathing, the localization, number, and type of IPs seem to vary. However, there is
no evidence to support this hypothesis in the literature which is known to us.

In this regard, the main research tasks were:

1) to identify the main differences in the organization of intonation segmentation of the text while
reading,

2) to analyze the coherence of TPs with the boundaries of different text units,

3) to compare the duration of TPs at the borders of different text units

during NB and FB.

! A clause is any group, including a non-predicative one, whose top is a verb, and in the absence of a lexical verb, a copula or
a grammatical element that plays the role of a copula [14].
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2 Material, participants and research methodology

The material for this study was the reading of the specially constructed text. The experimental text con-
tained 7 graphic paragraphs, 27 sentences (7 - simple, monoclausal; 20 - polypredicative constructions
of various types), 68 clausal units that are components of sentences, and 1 utterance (see Table 1 in the
Appendix 1). The text represents a textual unity with the presence of direct speech, dialogues, and
expressive words.

The text after preliminary acquaintance immediately before the start of the experiment was read over
from a paper sheet twice in the same sequence for everyone: first - in a normal condition and then after
physical exercise. Physical activity was the same for all participants; it was achieved by quick (as pos-
sible) climbing the stairs from the 1st to the 10th floor. Each participant’s heart rate was measured while
reading the text before and after the exercise load. The pulse was measured by palpation of the radial
artery. The average frequency of the heart rate at rest is usually 60-80 beats p.m. for healthy people aged
18 to 50. During normal breathing, the pulse of the participants was 61-78 beats p.m. After physical
activity, the pulse of all informants varied from 95 to 127 beats p.m., which is typical of the frequent
pulse (more than 90 beats p.m.) [1]. The text was read from a paper sheet by 8 participants, women of
18-20 years old, Russians, native speakers of literary pronunciation, students of the Faculty of Philology,
but without special announcer training. Further, participants are indicated by letters of the Latin alphabet
and numbers 1-2, where 1 is the reading in NB, 2 —in FB (a-1, a-2; b-1, b-2, etc.). Examples of reading
the text by the same speaker with two options for pausing (in NB and FB) are represented in the
Appendix 2.

The reading was recorded on a ZOOM Handy Recorder H4n using a condenser microphone.

The average duration of the sounding text was 88 sec. (73 sec. without pauses) during NB and 94 sec.
during FB (72 sec. without pauses).

The type of IPs and the presence of respiratory filling in them in the voiced versions of the text were
determined audibly and visually by spectrograms using the sound analyzer Praat, version 6.0.33. The
duration of pauses and other speech segments was measured in semi-automatic mode using the same
analyzer.

Examples of segmentation are shown in Figure 1-a - 2-a in the Appendix 3.

3 Results and discussion

3.1 General phonetic pattern of IPs with different text localization during NB and FB

Figure 1 shows the oscillograms and spectrograms of IPs with different text localization during NB.
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Figure 1: Acoustic pattern of IPs. BPs are on the left. NBPs are on the right. Pauses are represented
without capturing of the adjacent sections of the speech signal. The duration in seconds is shown at the
top.

As reflected by Figure 1, IPs with different text localization and content differ from each other:

1)  Any BPs is characterized by four phases (see Figure 1-a in the Appendix 3): a) termination of
articulation and, consequently, of the speech signal; b) a short, voiceless part, sometimes filled with a
short nasal inhale or exhale; c) noisy oral (rarely nasal) inspiration and smacking, preceding it, swal-
lowing, etc. (which are realized by an explosion, as in obstruent consonants); d) the voiceless part before
resuming the speech signal.

2)  BPs have a longer duration than NBPs (see 3.3).

3) Pauses are characterized by different durations depending on the hierarchical structure of the
text units. However, the pause inside the clause is not subject to this pattern, perhaps due to the fact that
the pause was made after the utterance (9x) inside the clause and was perceived as a pause between
sentences inside the paragraph. Such cases will be discussed below.

Figure 2 shows the oscillograms and spectrograms of IPs with different text localization during FB
(text was read by the same participant).
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Figure 2: Acoustic pattern of IPs. Pauses are represented without capturing of the adjacent sections of
the speech signal. The duration in seconds is shown at the top.

Figure 2 shows only the BPs. In FB, this participant did not make NBPs. Many pauses were not realized
where they were implemented before the physical exercise.

Comparison of Figures 1 and 2 allows to identify the following features of forced speech breathing:

1)  The BP during FB is characterized by four phases (see Figure 2-a in the Appendix 3): a) an
exhalation that is inseparable from the speech signal. Exhalation is characterized by the noise similar to
the noise of the fricative [x]; b) a short, voiceless part; ¢) noisy oral or nasal inspiration. It ought to be
noted, that during FB before inhaling, there are no smacking, swallowing, etc., because the inhale is
always realized immediately after the exhalation; d) the voiceless part before resuming the speech signal.

2)  The BP can be prolonged in comparison with the BP during NB, because it includes not only
inhaling, but also exhaling; this pattern, however, is not always observed.

3) Inhaling is noisier than the inhaling during NB.

4)  The duration of the pause does not always depend on the hierarchical structure of the text.

Thus, we can conclude that the nature of pauses is determined by the features of breathing.

3.2 General features of speech breathing in the readings of the same text by different partici-
pants during NB and FB

The general data is given in Table 2 in the Appendix 4 and in Figures 3 and 4.

Among the most common features of speech breathing in the readings of the same text by different
participants during NB and FB we can emphasize the different quantity of IPs and the difference in the
speech tempo. The data was determined by the read out text, without taking into account internal TPs.
Most participants read the text at an medium tempo. Average tempo speed (Lenneberg, 1967) is 5.6-6.7
syllables p.s. [11]. Thus, the duration of the syllable is 150 - 170 ms.
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Figure 3: General characteristics of speech breathing and the tempo of reading of the experimental
text by different participants during NB and FB
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Figure 4: General characteristics of speech breathing and the tempo of reading of the experimental
text by different participants during NB and FB

As seen from Table 2 and Figures 3 and 4, the differences in FB are more related to the quantity of BPs
than to the tempo and the time of reading the text.

The type of breathing does not affect the total time of reading (the average value is 72.8 seconds
during NB and 72.0 seconds during FB) and the tempo of pronouncing (the average duration of a syllable
is 153 ms during NB and 151 ms during FB). During FB, the time of TPs increases by 1.5 times. It can
be connected with an increase in the depth and, accordingly, the duration of inspiration. The duration of
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the breathing groups® (BGs) decreases during FB by 1.3 times due to the fact that the participant is
forced to pronounce fewer words between the BPs because their quantity and frequency increase (by
1.4 times). Therefore, during FB, BPs take up most of the IPs. The percentage of BPs from the total
number of pauses during FB is 1.5 times higher than during NB. The average number of IPs is slightly
decreasing in FB (from 44 to 41), as well as the frequency of their implementation per minute (from 36
to 34). This is due to the fact that the participant stops implementing TPs where they are intended, if he
does not need to inhale.

Thus, the type of breathing primarily affects the number of BPs during the reading of the text. In FB,
BPs take up 95% of the total number of TPs, which also increases compared to NB.

3.3 Correlations between the localizations of BPs and the boundaries of text units in NB and FB

The question of the correlation between the localization of BPs and the boundaries of text units in NB
and FB was investigated by Krivnova [8], [9]. She found out that all the participants she interviewed
avoided taking inspirations inside the clause, but certainly made inhales after completing the paragraphs,
regardless of their length and complexity. A similar pattern was observed at the boundaries of sentences,
and at the boundaries of clauses the number of BPs decreased. This suggested that the number and
localization of BPs are determined by the intonation pausing strategy, and it is the speaker who sets this
strategy: "Important parameters for the implementation of the breath at the interclausal boundaries
within the sentence are the longer length of the pronounced clause, its autosemanticity and the expecta-
tion (prediction) of the expanded sentence" [8].

In the present study, the task was to determine whether speakers followed the intonation pausing
strategy during FB. The data obtained is shown in Table 3 in the Appendix 5 and in Figures 5 and 6
below.

120
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0 I} LI m I!‘ > m
BPs at the IPs after clauses BPs after clauses IPs within a clause BPs within the clause
boundaries of the within a sentence as within a sentence as from the total (as a % of the total
clauses (as a % of the  a % of the total a % of the total number of clausal number of BPs)
total number of BPs) number of clausal number of IPs boundaries

boundaries

ONB BFB

Figure 5: BPs at the boundaries of text fragments with different indexes of syntax boundary strength
during NB and FB (part 1)

2 Breathing group is a chain of words uttered by the speaker during one exhalation [11].
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Figure 6: BPs at the boundaries of the text fragments with different indexes of syntax boundary
strength during NB and FB (part 2)

As can be seen from the above data, most often the BPs coincide with the boundaries of the clausal
boundaries, both in NB (97%) and in FB (96%). After the clauses within the sentence, in NB, the BPs
take up about half of the IPs. During FB, this indicator increases by 1.7 times. The participant tries to
use any pause for the realization of the inspiration. An increase in the quantity of BPs during FB is
observed at all levels of text units. The fewest number of intonation pauses is found inside the clauses,
both in NB (20%) and in FB (32%). At the same time, the number of IPs increases during FB by 12%.
BPs after paragraphs make up only 68% of the total number of the paragraphs. This discrepancy with
the data described by Krivnova [10] can be explained by the fact that the text contains a lot of dialogic
utterances, which are graphic paragraphs, but not phonetic. Nevertheless, in FB, the percentage of BPs
after paragraphs increases. Breathing pauses after utterance during NB (63%) also converges in percent-
age terms with the indicators of BPs after a paragraph (68%) and a sentence (71%). However, in FB,
BPs after utterance are noted less often (38%) than in NB; however, this cannot be considered a regular
process, since this utterance is perceived by participants in different ways: either as a sentence or as part
of it.

Based on what was said above, we can conclude that IPs are often used for inhales, this indicator
increases during FB. The organization of speech breathing reflects the hierarchical structure of text units,
regardless of the depth and frequency of breathing.

3.4 The duration of IPs with different text localization

The assumption that the duration of intonation pauses reflects the hierarchical structure of the text has
been expressed by various linguists (Grogean/Coxtins 1979 [3]; Krivnova 2016 [11]). Krivnova con-
ducted a number of experiments confirming this point of view [12].

At this stage of the study, the task was to calculate the average duration of BPs and NBPs in different
text localizations during the readings of the same text by different participants in NB and FB and to
determine whether the duration of the pause depends on its localization during FB.

The data obtained is shown in Figure 7 below.
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Figure 7: Average duration of BPs and IPs with different text localization during NB and FB. BPs-1
- BPs during NB. BPs-2 - BPs during FB, NBPs-1 - NBPs during NB. NBPs-2 - NBPs during FB. The
duration of the pauses was determined in ms

Detailed data on the duration of different types of pauses is provided in Table 4 in the Appendix 6.

Analyzing the results of the obtained data, we can conclude that the BP has a longer duration (1.4
times) than the NBPs, regardless of the text localization and type of breathing. In NB: the duration of
the IPs reflects the hierarchical structure of the text within the concepts of paragraph > sentence > clause;
the IP after the utterance is equal in duration to the IP after the sentence; the IP inside the clause is forced
or interpreted as a pause between other text units. The duration of IPs during FB does not reflect the
hierarchical structure of the text. The duration of the BPs in FB is longer than in NB, the duration of the
NBPs, on the contrary, in FB is less than in normal breathing, except for the NBPs between clauses,
where their duration is equal. The average duration of IPs during FB increases by 1.38 times compared
to NB (see Table 2).

The study thus shows that the duration of the pause depends on the presence of inspiration in it and
the type of breathing. The BP is always longer than the NBP. The duration of the BP during FB increases,
and the duration of the NBP decreases.

4 Conclusions

The obtained results confirm that the type of breathing affects the organization of the rhythmic-into-
national segmentation of the text. During both normal and forced breathing, the participants tend to
pause at the boundaries of text units. However, during forced breathing, not all potential intonation
pauses are realized, but only those that are necessary for the realization of inspiration.

The type of breathing most depends on the quantity of breathing pauses that are implemented during
the reading of the text. During forced breathing, breathing pauses take up 95% of the total number of
temporal intonation pauses - this is 31% more than during normal breathing.

In normal breathing, the duration of the intonation pause depends on its localization and most often
shows the hierarchical segmentation of the text: paragraph (446 ms) > sentence (417 ms) > clause (349
ms). In forced breathing, this pattern is not observed. The duration of the pause does not depend on the
location of its implementation.
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Appendix

Appendix 1. In Table 1, column 1 shows the text units of different strength, taking into account their
hierarchical boundaries. In column 2 (without the parentheses) the number of units of hierarchical
boundary that are not final unit in a boundary of higher strength is indicated, and in parentheses — the

number of units that complete a higher-strength boundary text unit. The data is presented in Table 1.

Text units Quantity in the | Quantity of text Quantity in pho- End punctua-
text units in lower netic words tion mark
strength units
Paragraph 7 from 1 to 10 from 2 to 84 .21
Avg. 3,8 Avg. 28,6
Sentence inside a 22 (+5) — end- from 2 to 14 e
paragraph points in a Avg. 2,5 Avg. 7.4
higher strength
unit
Clause inside the 41 (+27) - from 1 to 7 =20
sentence Avg. 2.9
Utterance Ox 1 - 1
Table 1: Compositional and syntactic structure of the experimental text
Appendix 2

Experimental text with the distribution of pauses in accordance with the reading of Participant e-1 (dur-
ing NB). The paragraph is separated by an interval, / is the sentence boundary inside the paragraph, **
is the clause boundary inside the sentence, the utterance is italicized. The pause duration in seconds is
indicated in parentheses. After the parentheses there is the character of the pause (BP or NBP). The
length of the syntagma in seconds is given as superscript:

Kema Bcera mpuxomun B carorax %% /(0.298) NBP — mo6mun ux, umno.” #1328 / #* (0.455391) BP
Huxorna ne pasysancs: """ / (0.177969) BP B camorax pyxu mbur,'°°% / (0.173) BP en,’3>°%% /
(0.113) NBP nun, / cnars nosxumcs.' %7 / ** (0.392578) BP Onnaxael Kema mpoman.'-!88203 /+x
(0.389961) BP Tpu nust ero noma He 65110, %% / (0.123) NBP oren ¢ Matepbio obbickamucs, 4630 /
*% (0.259102) BP Ha uetseprsiii — mpumien,'**** / (0.102070) NBP u kax npumren-to”*** /
(0.264336) BP — Gocuxom! 1434 / ** (0.358555) BP Py6amka Bcsa momsra, *****! / (0.253867) BP y
KyPTKH ITyTOBHIIBI OTOPBAHEL, / CTOMT, / mepemuHaeTcs. 4% / #% (0.269570) NBP Hy, oter ero naBait
paccnpammuBare.' %% / ** (0.410899) BP A Kema Tonsko 3y6amu ctyuanr.'>'%13 / ** (0.298359) BP
[ana ponsrTeiBaetes: 2% / (0.303594) NBP «Koumuck, 3apasa, / rae Tebs Hocumo?!»' 54118 _ / BP
(0.259102) a o paauo mooT JleBuTanckuii unraer «Kak mokasars 3umy».>” 126 / #% (0.562695) BP Jla
BOT K€ JTyuIIas HIITIOCTPAIHs / - 3aMep3IIHii M pacTepsaHHbIH Omynubrit Kemra!® 6297 / %% (0.429219) BP
«Crymai, / — roopro s°%%% /(0.319) BP — noiinem, / Hy, moiinem, / ymoemscs»' > / (0.088984) -
ene yBen." 3% / ** (0.262) BP Cuaur Kema nax tasukom, / mexu Tpet: =% / (0.408281) BP

- ITouren B kade, / — rooput'***7 / (0.246) BP- — xoten crokoitno nocuaets, 417/ (0.177969) BP
3akaszath 4To-HuOYmb. %7 / #* (0.337617) 3akasats 3akazan,**** / (0.102070) a B poT Hu KycKa He
nonano' %3¢/ (0.222461) BP — >0 Bce [amxa, tag:" 2/ (0.264336) BP «Crirpaii kpysxouek!»*7"7
/ (0.183203) - ara, cerrpan! 72643 / ** (0.476328) NBP

S emy roBopro:*®**% /(0.319297) BP «Tak TbI uT0, / B KapThl UTO JIM CAIOTH HpOyn2y>! 14688 / %%
(0.350703) NBP

11
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Hpomyn.”>>#¥4 / ** (0.144) NBP Eme kax npomymn.' %% /% (0.337617) BP On e He TOIBKO Canory,
/ OH ¥ IOMyYKy TIPOCai, 3a ABa Mecsma.> % / #% (0.471094) BP Ox.%3%% (0.565313) BP Tyt Kema
KaK HayHeT cie3bl yTuparh.' S0%% / ** (0.209375) NBP A MHe ero »aako CTpamHo, AypHS 3Ta-
koro!>0%3730 / #% (0.423984) BP On uenoek-to xopomwit. 4194 / #* (0.272) BP 3HaeTe kak oH mame ¢
MaMoif oMoT, / Koraa UM KBapTupy He aapanu?>*>'%! / #% (0.330) BP Dto Bexnp o Geran, / Bce GyMaKKn
cobupai, / mackMa mmucan. >3 / #% (0.403047) BP A xak on co mHoi msHumics,' " / (0.690938 -
crnarbiBanuie) NBP korna mama 3a6omena.' 2 / #* (0.408281) BP OnHakas HOUbO pasOyaui MeHs
u memyger: "1/ (0.413516) BP

- JlaBaii mpoceimaiics, / TyT Takoe!' 543438 / ** (0.465859) NBP

- Yro coryummocs?*884610 / %% (0.188438) NBP

- IMokazars xouy!**'®"1® / (0.264336) BP — u npoTsarusaeT MHE Kakoil-TO CTpaHHBIH cBepTok,> 4!
(0.196289) BP Tsxemsiii m temmsiir.,*12%2 / ** (0.389961) BP D1o nsms Kema exuka Bo aBOpe
nammen' %% / (0.256484) BP u B nonotene ero 3asepuyi,'**%' / (0.177969) BP uto6s! s mocMoT-
pem. 023321 /% (0.434453) BP

Experimental text with the distribution of pauses in accordance with the reading of Participant e-2 (dur-
ing FB). The paragraph is separated by an interval, / is the sentence boundary inside the paragraph, **
is the clause boundary inside the sentence, the utterance is italicized. The pause duration in seconds is
indicated in parentheses. After the parentheses there is the character of the pause (BP or NBP). The
length of the syntagma in seconds is given as superscript:

Kemra Bcerna mpuxonus B carorax ' /(0.450671) BP — mo6un ux, BuaHo. / ** Hukorja He pasy-
Ban(cs): 02492 / (0.448004) BP B canorax pyxu mbin, / e, /i, /(0.597339) BP cnats nosxui(cs).
/ ** Ommraxmsl Kemra mpoman. 24020 / #% (0.605339) BP Tpu aust ero qoma He 66110°%*%%7 /(0.552005)
BP orelr ¢ MaTepbio 06bIckamuck. / ** Ha ueTsepthrii — mpu(mren),” %% / (0.384004) BP u kak npumen-
10 / — 6ocukom! 480 / ** (0.626673) BP Pybamka Bcs momsra, ' ***™ / (1.317346) BP y kyprku myro-
BuIBI otopBassl, %%/ (0.437338) BP crowut, / mepemunaerca.' 34! / #* (0.637339) BP Hy, oten ero
naBait paccnpammusare.' > / #* (0.546672) BP A Kemra®>**’? (0.224002) BP Tonbko 3y6amu cTy-
apT. 040010 /%% (0.509338) BP ITana nonsiteiBaetes: ™% / (0.474671) BP «Komucs, 3apa3sa, / rae Tebs
nocuo?!»' 733/ (0.525338) BP - a o paauo nost JleBuranckuii unTaeT «Kak mokaszars 3umy». 78362
/ ** (0.522672) BP Jla BOT >xe jydlias WJUTIOCTpanus - / 3aMep3lInid M pacTepSHHBIA ONyIHBIN
Kemma!*2%%% / %% (0.432004) BP «Cnymmait, / — roopro (s1)874¢7 / (0.418671) BP — moiinem, / Ry, moii-
nem, / ymoembesa» 34 /(0.208002) BP - ene yBen. ™24 / ** (0.464004) BP Cunut Kema Hax Ta3u-
KoM, / meku Tpet: %33 /(0.402671) BP

- IMomren B kade, / — rosopur'***'2 / (0.336003) BP — x0Ten CrOKO#HO MOCHIETH, / 3aKa3aTh UTO-
Hu(6yp). > 36807 / ** (0.312003) BP 3aka3ars 3akasan, / a B poT HU Kycka He monano>**1%7 / (0.448004)
BP — 510 Bce Iamka, ramx:''?%!" / (0.341337) BP «Chirpait kpyxouex!» / - ara, cirpan!' #8685 / s
(0.528005) BP

S emy rosopro:“°1%7 /(0.469338) BP «Tak ThI 4TO, / B KAPTHI UTO JIH CATIOTH MPOmyn 2y 821357 / #x
(0.461338) BP

Ipomymn. / ** Eme kak npomyi.'>*%7 / ** (0.474671) BP On e He Tonbko camoru,>°'? /(0.394670)
BP on u momyuky mpocaaui, 3a asa Mecsma. " / #* (0.490671) BP 2x.433%% (0.389337) BP Tyt
Kema kak HauHeT ciessl yrmparh.'??3%? / ** (0.922676) — BP A mHe ero xanko crpamso, %"
(0.458671) BP naypus staxoro!*’*2%7 / ** (0.554672) BP On uyenoBek-to xopommmii.'?7?* / *x
(0.538672) BP 3naere kak OH mame ¢ MaMoOil TTOMOT, / KOTJla MM KBApTUpy He aaamm?’>220% /
(0.378670) BP D10 Bexps oH Gera, / Bce Gymakky cobupan, / mackMa mmacain. > %% / #% (0.320003) BP
A Kak OH CO MHOM HSIHYHJICS, / KOraa Mama 3abornera. > 0001 / #%* (0.373337) BP OmHax b1 HOYBIO paz-
Oymun MeHs 1 merrdet: ' 7*%%/(0.490671) BP
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- JlaBait mpocwmaiics, / Tyt Takoe!' 333 / *¥* (0.389337) BP

- Yo cayummnocs?®7™ / #* (0.266669) BP

- Toxkasars xouy!*¥**! / (0.224002) BP — u mpoTsaruBaeT MHe KaKOH-TO CTpaHHBIH cBepTok,506%

(0.346670) BP Tsoxemsiii m temmsiin.” 7% / ** (0.642673) BP D1o asms Kema exwuka Bo aBOpe
Hamren>""?%*¢ / (0.362670) BP u B monoTeHIe ero 3aBepHy, / 9T06bI s mocMoTpe.>?1333 / *% (0.410671)
BP

Appendix 3

36.8788986 37.2292946

5000

Frequency (Hz)

37.32

Time (s)
Figure 1-a: Dynamic spectrogram of the BP after the sentence during NB

In Figure 1-a, the cursors highlight the BP after the sentence during NB. The pause is located between
the sounds [9] and [s]. The duration of the segmented fragment was 350 ms in this case.

39.1866521 39.5849512
| [l

Frequency (Hz)

39.04 39.72
Time (s)

Figure 2-a: Dynamic spectrogram of the BP after the sentence during FB

In Figure 2-a, the cursors highlight the BP after the sentence during FB. The pause is located between
the sounds [9] and [s]. The duration of the segmented fragment was 398 ms in this case.
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Appendix 4
IPs BPs « | The length of 5 —
- " . £ o S S
E) & E asa o | the BG in pho- = e >
8| < — | = o S . S g = | g
= D S > % of > | netic words 5 = = o |
g | 3 o | g g= S o = | &8
k=2 < g ) IPs = N P) > o =
3) 2= =] < : = 50 — ) H o
= &) = Sy =] o 5 s 2 e Z
£ | S = o & | z 3 = S o A
S | s | & S > > > | £/
~1 3| F| 3 1235 | 2
o = =
E S S Es 3
= o
a-1 76.1 17,1 37,5 47 57,5 27 7,4 2-12 159 6,3 21,4
a-2 75,8 23,3 40 52 88,5 46 4,3 2-9 159 6,3 37,5
b-1 69,8 | 11,7 |333 |38 60,5 |23 8,7 1-16 147 6,8 20
b-2 67 15,7 21,4 24 100 24 8,7 3-18 142 7,1 21,4
c-1 65,1 16,1 42,9 48 54,2 26 7,6 2-16 137 7,3 24
c-2 642 | 21,1 |375 |40 100 40 5 2-12 135 7,4 37,5
d-1 76,8 12,4 31,6 40 47,5 19 10,4 5-21 161 6,2 15
d-2 76,2 | 26,6 |273 |34 94,1 |32 6,25 |2-13 159 6,3 25
e-1 784 | 16,7 | 40 54 68,5 |37 5.4 1-12 164 6,1 28,6
e-2 76 22,1 37,5 47 100 47 4,2 1-10 159 6,3 37,5
f-1 74,9 17,5 31,6 40 71,5 31 6,5 1-12 156 6,4 25
f-2 72,7 22,8 333 40 92,5 37 5,4 1-12 153 6,6 30
g-1 78 15,3 37,5 48 56,3 27 7,4 1-16 164 6,1 20,7
g-2 77,5 |20,8 |40 52 86,5 |45 4.4 1-12 161 6,2 353
h-1 63 114 |31,6 |33 90,9 | 30 6,6 2-12 132 7,6 28,6
h-2 66,8 | 22 333 | 37 100 37 5.4 1-12 139 7,2 333
Avg.-1 | 72,8 | 148 |358 |[43,5 |641 |27,5 |75 1,9- 152,5 6,6 22,9
14,6
Avg-2 | 72 21,8 |33,9 |408 |952 |[385 |5,6 1,6- 150,9 6,7 32,2
12,3

Table 2: General characteristics of speech breathing and the tempo of reading the experimental text
by different participants during NB and FB
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Appendix 5
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b-1

b-2

c-1

c-2
d-1

d-2

e-1

e-2
f-1

f-2

g-1

g-2
h-1

h-2

Avg.-1

Avg.-2

Table 3: BPs at the boundaries of text fragments of different syntax strength during NB and FB
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Appendix 6
IPs between IP inside a IP after utter-

paragraphs sentences clauses clause ance

BP NBP | BP NBP | BP NBP | BP NBP | BP NBP
a-1 0,524 | 0,308 | 0,486 | 0,287 | 0,401 | 0,174 | 0,457 | 0,172 | 0,605 | -
a-2 0,528 | 0,232 | 0,538 | - 0,451 | 0,131 | 0,317 | - - -
IP 0,463/0,429 0,419/0,538 0,288/0,398 0,314/0,317 0,605/-
b-1 0,321 | 0,124 | 0,436 | 0,213 | 0,303 | 0,116 | 0,501 | - 0,501 | -
b-2 0,496 | - 0,702 | 0,090 | 0,393 | - - - - -
1P 0,237/0,496 0,376/0,673 0,172/0,393 0,501/- 0,501/-
c-1 0,464 | 0,332 | 0,359 | 0,376 | 0,329 | 0,186 | 0,317 | 0,317 | - 0,615
c-2 0,506 | 0,197 | 0,572 | - 0,491 | - 0,536 | - - -
1P 0,426/0,462 0,363/0,572 0,237/0,491 0,317/0,536 0,615/-
d-1 0,519 | 0,216 | 0,441 | 0,218 | 0,418 | 0,121 | - 0,244 | - 0,362
d-2 0,490 | 0,101 | 0,896 | - 0,818 | 0,138 | 1,240 | - - -
IP 0,432/0,434 0,329/0,896 0,245/0,695 0,244/1,240 0,362/-
e-1 0,419 | 0,370 | 0,380 | 0,240 | 0,275 | 0,223 | 0,566 | - 0,566 | -
e-2 0,421 | - 0,520 | - 0,464 | - 0,355 | - 0,389 | -
IP 0,391/0,421 0,355/0,520 0,256/0,464 0,566/0,355 0,566/0,389
f-1 0,481 | - 0,490 | 0,441 | 0,405 | 0,208 | 0,805 | - 0,805 | -
-2 0,681 | 0,144 | 0,623 | - 0,539 | - 0,822 | - 0,822 | -
IP 0,481/0,604 0,483/0,623 0,314/0,539 0,805/0,822 0,805/0,822
g-1 0,451 | 0,458 | 0,367 | 0,350 | 0,333 | 0,175 | 0,368 | - 0,368 | -
g-2 0,507 | - 0,463 | - 0,370 | 0,214 | 0,579 | 0,104 | 0,579 | -
IP 0,454/0,507 0,362/0,463 0,243/0,331 0,368/0,342 0,368/0,579
h-1 0,387 | 0,273 | 0,376 | 0,161 | 0,329 | 0,074 | - - - -
h-2 0,645 | - 0,617 | - 0,579 | - 0,694 | - - -
IP 0,371/0,645 0,364/ 0,617 0,306/0,579 -/0,694 -
Avg.-1 | 0,446 | 0,297 | 0,417 | 0,286 | 0,349 | 0,160 | 0,502 | 0,244 | 0,569 | 0,486
Avg.-2 | 0,534 | 0,169 | 0,616 | 0,090 | 0,513 | 0,161 | 0,649 | 0,104 | 0,597 | -
Avg.IP | 0,406/0,500 0,381/0,607 0,257/0,486 0,445/0,615 0,546/0,597

407/561

Table 4: Average duration of BPs and NBPs with different text localization during NB and FB. The
first column contains the participants (n-1 - reading in NB, n-2 — in FB). In the IP line, the average du-
ration of the IPs during NB and FB (NB / FB) is indicated by a "slash" (/). The hyphen ( - ) indicates
the absence of an IP. The duration of the pauses was determined in seconds
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