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1. INTRODUCTION

One of the main questions of speech researchuwsh#t units spontaneous speech can be
segmented into, and what acoustic phonetic featlifisgentiate these from each other. The
productory features and the perceptual charadt=isff the segmentation of spontaneous
speech is of great importance to reveal the stiedex both the speaker and the listener, since
proper segmentation is an elementary requiremeninoferstanding and interpretation of
fluent speech (Gosy 2003).

The abilities of segmentation and grouping havenljgeved to be important parts of the
perceptual mechanisms (Fon 2002). A clear exanpldhis is the transformation of two-
dimensial information into three dimensions duringual perception. According to Marr’'s
three-steps model (1982) the segmentation of visbgcts is based on the intensity change
of simple physical signs, like that of light. Segrtegion plays an important role in the
auditive perception, as well. The identificationwebrds, sentences, or larger units does not
cause any problem for typical speakers. Howevet,atlospeakers apply consciously the
articulatory sings for segmentation during theieesgh. Inexperienced speakers’ speech is
often segmented by physiological phenomena, likathing.

This leads in Shriberg’s and her colleagues’ the(#900) to call segmentation a
challenging task. Children during acquiring theiother tongue face the problem of
segmentation, as well: In enlargement their vocaiyulthe segmentation of speech into
words and larger units plays a crucial role. Spesakee not always aware of what segmental
and suprasegmental features they apply for segtimmta.e. the articulatory execution is
usually subconscious and its interspeaker diffe¥srace large (Kohler 1983).

Segmentation plays a crucial role in both speeddymtion and speech perception. The
most common speech production model is that of lt€¥889, 1999). This serial structured
model is based on the results of experiments thyaltesl mental cronometric tasks. The model
is built up from five larger phases of two systerfrietoric/semantic/syntactic and
phonological/phonetic ones). According to this mpdeduction of utterances does not mean
combining words but utterances are planned in mtion phrases built up from phonological
phrases. The conceptual planning stands of two maoesses: the macroplanning and the
microplanning. During macroplanning, the speakearidks what he or she wants to say and
what the reason and goal of their speech is. Tkakgr accesses the relevant information,
and sets the focus of the discourse during thisgh&licroplanning means the linguistic
shaping of the message. The speaker’s perspestichasen in this phase, i.e. the person
whose point of view the speaker takes in the caatam.

One of the most important questions of speech péaore research is how the listener
perceives the continuously changing acoustic stimhubw the analogue sign chain is
transformed into the chain of discrete speech umitav her or his understanding and
interpretation of the message is performed (Pisodd Luce 1987). Cutler and Clifton’s
speech perception model (1999) introduces theespideration of the mechanism. It takes
both the suprasegmental features and the processgafientation into consideration. Four
phases of speech perception are distinguished ibyntbdel: i) decoding of the pieces of
information about speech, ii) segmentation of spebat corresponds to the identification of



word boundaries in this model, iii) word identifican and interpretation of the utterance, iv)
integration into the discourse model.

The units that can be used to describe the steidlispeech are not only a question in
applied linguistic research but in theoretical agghes as well. Determination of the
suprasegmental units is a basic requirement o&tiadysis of the prosodic structure. Speech
sound is the basic unit in the analysis of the sagail structure but in the prosodic research,
consensus have been met regarding neither thenigiogy nor the definitions (Markd 2009).

Hierarchical structure is most often hypothesizedhe prosodic descriptions of speech
(Gussenhoven 2004, Roca—Johnson 2005, Varga 1984adi 2002). Proceeding from top
to bottom, the following levels can be distingudheutterance, intonation phrase,
phonological phrase, phonological word, foot, dylta The question arises if this structure is
applicable on spontaneous speech as well.

Listeners can rely on various potential boundarykmeeys during the segmentation of
speech. None of these keys is sufficient or clagnboundary marker on its own, but their
complex combination is typical (Shriberg et. al @0@Warner et. al 2004, Gosy—Kovacs
2008). This is the consequence of the characksigif speech productory mechanisms:
speakers realize the prosodic segmentation of gpgech in various ways. (Frazier et al.
2003).

This PhD-thesis aims to describe segmentation ohtgmeous speech from the point of
view of both the production and perception, ana dts reveal the connections of the two
processes. | shall try to approach to understansiigch segmentation through the analysis
of prosodic units, the segmentation into utteraraes into paragraphs. | attempt to reveal
data on the characteristics of the segmentatiowegs®ed, and the strategies applied by
speakers and listeners through the empirical aisatys large speech corpus.

2. THE QUESTIONS AND MAIN HYPOTHESES OF THE PHD-
THESIS

In my research, I try to find the answer for thBolwing questions:

(i) What acoustic phonetic features describe tlesgutic units in Hungarian?

(i) What role do pauses and prosody play in thremtdication of virtual sentences?

(iif) Does the speech type or mode influence theratteristics of virtual sentences?

(iv) Does the segmentation strategy change threheglife-span?

(v) What acoustic phonetic features describe thasies of Hungarian spontaneous speech
that are larger than utterances?

In my research | have analyzed the segmentatiortepses in Hungarian speech
production and perception. One of my main goalthés analysis of the acoustic phonetic
realization of the prosodic units of Hungarian gefgom diverse points of view. Only a few
studies have been made on Hungarian prosodic naiysis (Olaszy 2006, Szaszak and Beke
2012), thus this PhD-thesis attempts to fill tlaicd. The characteristics of spontaneous speech
are compared to those of read speech in order tcalide to draw conclusions on
characteristics of the production of spontaneoegsip.

The other main goal of my research is the tradaidimguistic categories based phonetic
analysis of the segmentation mechanism in Hungapaech. My analysis concerns the effect



of speech mode, speech type and age on the seidsetsegmentation strategies. With the
analysis of the paragraph-level segmentation, | @meveal data on the acoustic phonetic
characteristics that drive the segmentation initsuhat are longer than utterances.

| set the following hypotheses:

i) The existence of prosodic units, i.e. speeclaphand intonation phrase, is verifiable in
speech, and it has temporal and prosodic correlates

i) Since the differences in the planning processéseading aloud and spontaneous
speech, | hypothesize these units to realize éiffidy in the two speech modes.

iii) Greater variability is assumed in the realinas of the above mentioned prosodic units
in spontaneous speech than in reading aloud.

iv) In my assumption speech mode and speech type hdluence on the listeners’
sentence-level segmentation strategies.

V) | also hypothesize that also in spoken langutiggre are coherent units that are longer
than the utterances and that during segmentationtiese units, i.e. thought-units, listeners
rely on prosodic and temporal factors to a gretdrex

3. METHODS

The analysis of the prosodic units, that of théualk sentences both in reading aloud and
spontaneous speech, and of paragraphs were camedn recordings chosen from a
Hungarian speech database, BEA. The database @icofidct a large number of high-quality
recorded speech material from speakers of varigas,ajualifications and occupations under
the same laboratory conditions and circumstancesoppate for phonetic analysis. The
development of the database started in 2007. Ibkaa recorded at the Phonetic Laboratory
of the Research Institute for Linguistics of thengarian Academy of Sciences. It contains
spontaneous speech, reading aloud of sentences tentl as well, as sentence repetition and
interpreted speech. The recorded spontaneous spasgfies are various, the speakers i) are
interviewed on their everyday life and hobbies,thigy tell their opinion on a topic of a
current interest and participate in a three-mendmgversation on an everyday topic. The
recordings are always carried out at the same plantker the same circumstances, in a silent-
treated room. The speech material is recordedatligitdirectly to computer with the means
of GoldWave at 44.1 kHz, 16 bit, 86 Kbytes/s, m¢@osy 2012).

In order to analyze the utterances in differentnsmoeous speech types, | recorded a
speaker talking about her experiences, tellingl@adad describing her apartment under the
circumstances and conditions of BEA. The speakarava7 years old woman with a diploma
of master degree. She had neither speech disort@rsny hearing loss. She was aware of
being recorded.

In the analysis of the prosodic units the readiloyich and the spontaneous narrative of
eight (four female, four male) speakers of the B&#abase were used. All speakers are
monolingual and use standard Hungarian, their $p@ec hearing are unimpaired. Their
mean age is 28 years.

The perception of virtual sentences in both readl ggontaneous speech was carried out
using perception tests. 26 women participatedigéaRperiment. The listeners had no hearing



loss, speak standard Hungarian. They all were stadd# Hungarian linguistics and literature
at the time of the experiment. Their mean age \2agears.

The effect of age and speech mode on the sentemebdegmentation was investigated
also via a perception test. Altogether 54 (28 fematd 26 male) listeners’ answers were
analyzed. Their age was between 13 and 54 yeaen(2& years). The subjects were divided
into three age groups: children (mean age: 14 yegwoaing adults (mean age: 22 years),
middle-aged adults (mean age: 40 years).

In the perception test carried out in order to yralthe paragraph-level segmentation, 45
female students participated. Their mean age wagea#s, all had no hearing impairment.
They were monolingual standard Hungarian speakers.

The applied audio recordings of each experiment® wenually annotated by me using
Praat software (Boersma and Weenink 2007, 2012 dinotation was based on the
spectrogram, the oscillogram and continues audiieaitoring. The acoustic analyses were
carried out with the means of the Praat softwaseyeill.

The listeners of the perception tests were instditd mark the places in the written form
of the text with a vertical line where they judgehtave heard utterance- or paragraph-ending.
Each speech sample was played twice to the subjects

Statistic analysis was carried out with the meanSRSS 13.0. Since several statistical
analysis requires normal distribution the ShapirdkWormality test was run for each data
set. In case of normal distribution parametricagshe way ANOVA, general linear model
with Tukey post hoc test and repeated measures) wer to reveal information statistical
features of the data sets, while in case of nomabdistribution non-parametric tests (Mann—
Whitney, Kruskal-Wallis, Spearman correlation asaywere applied.

4. PROSODIC UNITS IN HUNGARIAN SPEECH

The mean duration of the speech phrases was 255 meading aloud, while in the
spontaneous narratives their length was shortef4 16s. The mean of the duration of the
intonation phrases was 915 ms in the first speeodemwhile in the second, they were
somewhat shorter again, 884 ms. The differencéefduration of the intonation phrases in
the two speech modes was not significant, while dhéhe speech phrases was.

The duration of the speech phrases and the intonainrases was analyzed speaker by
speaker, as well, in both speech modes. The meatialuof these was counted by adding up
the total speech time in one speaker’s speecharspaech mode, and divided by the number
of the given phrases. The duration of the speechsps was longer in the case of each
speaker in reading aloud than in the spontaneaechp

The articulation tempo was analyzed in the intmmatand speech phrases of both the
reading aloud and spontaneous speech (Fig. 1).r8hdts showed that the mean of these
values was 12.87 sounds/s in spontaneous speede, itvivas higher, 14.46 sounds/s in
reading aloud. The dispersion of these values wgsehin the first speech mode € 3.59
sounds/s), than in the latter ore £ 1.36 sounds/s). This means that the variabdftyhe
articulation rate in reading aloud was less vaddbbn in the spontaneous speech.

The mean of the articulation rate of the intonafpbmases in the reading aloud was 14.46
sound/ s, while in the spontaneous speech it wasewbat lower, 13.98 sounds/s. This



difference is significant according to the statistianalysis. The variability of the articulation
rate of the intonation phrases in spontaneous bBp&as also higheis(= 3.99 sounds/s) than

in reading aloudd = 2.01 sounds/s). The articulation rate of thenation phrases was
realized in a larger interval (reading aloud: 18<dunds/s, spontaneous speech: 27.85
sounds/s) in both speech modes than that of treckpgghrases (reading aloud: 9.45 sounds/s,
spontaneous speech: 22.13 sounds/s).
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Figure 1.Articulation rate (sounds/s) in the intonation apeéech phrases of reading aloud
and spontaneous speech

The variability of the articulation rate was anagizin the intonation phraseThe
following factors were hypothesized to influences ttharacteristics: the position of the word
in the intonation phrase, the position of the iattion phrase in the speech phrase, the number
of syllables of the word, the parts of speech tgpehe word, the category of the word,
speaker. The two-, three- and four-words long iatmm phrases were analyzed in the
research. GLM (general linear model) model wasthupl from the five above mentioned
factors to interpret the results of the intonatmimases of the three different lengths. The
resulting model was found to be efficient, becatlse 80.2% of the variability in the two-
word long, 77.9% of that in the three-words longl &3.4% of that in the four-words long
intonation phrases could be interpreted by the maddeuding the speaker as an influencing
factor had decreased the interpreting strengtthefnhodel, thus it was left out during the
further analysis. The position of the intonatiomgse in the speech phrase was not significant
in any cases. The position of the word in the iatmm phrase itself had an important effect
on the results in the case of the three-word Idmages. According to theg-data, the parts of
speech type of the word was the strongest influentactor in the results. However, further

! The analysis of the variability of articulationeadh the speech and intonation phrases was doeéhergwith
Andras Beke (Varadi and Beke, in press).



analysis is required to figure out what roles tbhe-equal distribution of the various parts of
the speech and the differences of the length cktipdays in the results.

The model built on the results of the used spomasieorpus is less effective than that
built on the read corpus. The included factorsaile to interpret only lower percent of the
variability of the articulation rate in the intor@t phrases than in read speech. Only 11.9% of
the variability of the articulation rate could b@drpreted by the applied five factors in the
three- and four-words long intonation phrases ah&% of that in the two-word long ones.
Including the category of parts of speech had desae the interpreting strength of the model,
this it was left out in the further analysis. Thmeaker itself was proven to be the strongest
influencing factor in the three models of the difiet word-lengths bas on thg-data —
opposed to reading aloud where including the speakean interpreting factor decreased the
strength of the model. This difference between tihe speech modes suggests that the
interspeaker difference is higher in the case @ntmeous speech than in reading aloud.
However, it should be kept in mind that the twoexge modes did not only differ in their
planning processes, but in their language matersalyell.

The way of the variation of articulation rate wasoaanalyzed both in reading aloud and
spontaneous speech. A tendency curve was laid earticulation rate values of the words
that the intonation phrase in question consistd’bé shape of this curve was described and
analyzed. This way we were able to analyze the dspge(accelerando) and slowing
(rallentando) in the intonation phrase. The twdweé- and four-words long ones were
analyzed in the two speech modes. In reading alihedrallentando tendency was the most
frequent realization. In the most of the intonatmmases, the tempo slowed down at the end
that the listeners can apply as a cue during se@t@m In opposite, in spontaneous speech
this tendency did not apply, the tendencies wetlgeeispeaker-specific. This interspeaker
difference of the realized articulation rate stunes suggests that the timing structures of
spontaneous and non-spontaneous speech are differen

The pitch ranges of the speech phrases and inbonphirases were also compared in both
reading aloud and spontaneous speech. The pitchesanf the speech phrases were
significantly different in the two speech modesrdading aloud their mean was 1.9 Hz, while
in spontaneous speech it was 1.8 Hz. The data nvere variable in the spontaneous speech
(o = 0.64 Hz), than in the other speech mode (0.51 Hz

5. SENTENCE-LEVEL SEGMENTATION IN HUNGARIAN

5.1. Sentence-level segmentation with regard to tispeech mode

The least number of marked sentence boundarien®yigiener was 11 in the case of the
read text. The highest number was 14. The 57.6%efisteners perceived 13 sentences in
the read text that also originally consisted of déhtences. The mean of the marked
boundaries was 12.73. The number of the markedanttes was more variable, it ranked
from 4 to 19.

Because of the difference of the duration of the texts, not the number of perceived
boundaries was applied in my comparison, but tiggdst number of boundaries marked by
the same speaker was set to 100% (Fig. 2).
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Figure 2 Sentence-boundary marks in the two speech modes

As the box plots show the number of marked bouedare less variable in reading (SD =
5.56) than in the spontaneous speech (SD = 16Tb@) mean is 64% in the first, and 91% in
the second. The difference of the two speech misaggnificant.

The boundary marks set at the end of speech phnagesanalyzed in both speech modes.
In reading aloud, 70% of the ends of the speechgasrwere marked at least by one listener,
while in the case of the spontaneous speech saomie23% of them.

There were only two speech phrase ends in readiagrot all listeners marked as a
boundary regardless of the duration of the pauewimg it. The correlation of the length of
the pause and the number of boundary marks waseprtwy mid-strong and significant
according to the Spearmen correlation analysisplontaneous speech no such interrelation
was found according to the Pearson correlationyaisal

The effect of pitch movement on the sentence-baynplerception was analyzed, as well.
The characteristics of pitch were analyzed at thegs where at least one listener had marked
perceived boundary. In reading aloud, floating tpitdggered the most often sentence-end
perception (53.75%), while in spontaneous speetth plecrease did (45.26%). Boundary
mark set inside a pitch movement was found onlyhim spontaneous speech; however, it
appeared only rarely (6.93%). Boundary marks oftene set after creaky voice in reading
aloud (38.44%).

The text points were further analyzed where moes tthe 75% of the listeners @0)
marked boundary. In reading aloud, these pointe e 92.31% of the points where at least
one listener marked a boundary, while in spontasespeech they made up only the 32% of
them. All text points in reading, and all-but-omespontaneous speech, where at least 75% of
the listeners marked boundary, appeared at spebcdse end. Floating pitch contour
triggered the most often boundary marking by mbent75% of the listeners in both speech
modes. 40.65% of these points appeared after d@ege@itch in spontaneous speech. In
reading pitch decrease did not trigger boundarykntar more than 75% of the listeners
(8.39%), while the effect of creaky voice was ththeo way around: it often triggered



boundary mark by the most speakers in reading @4)dut did not in spontaneous speech at
all.

5.2. Sentence-level segmentation with regard to agaed speech type

At least one listener marked boundary at 106 pamtke experience telling, at 109 points
in the tale and at 54 points in the descriptione Tlumber of all boundary marks in the
experience telling was 946, in the tale 1315 anthendescription 766, i.e. the most marks
were set in the longest, the least in the shorf@st. same way as in the above described
research, not the number of marked boundaries weee in the further analysis, but the
highest number of marks set by the same speakesetas 100%. The 100% was equal to 44
marks in the experience telling, 53 in the tale @bdin the description. The effect of the
listener’s age on the utterance-perception was/aedl(Fig. 3).

The most boundaries in the experience telling wasked by the middle aged speakers
(56.44%), the least was by the children (33.71%)e Tispersion of the data was also
different among the age groups. The lowest vaitghilas found in the children’s resulis £
9.71), the middle aged listeners’ markings wereanariable than that(= 16.10), and the
largest interlistener difference was found in thauryg adults’ group of = 21.50). The
boundary marks in the tale showed similar tendengigddle aged listeners: 54.53%, young
adults: 43.40%, children: 42.70%). The interlistev&riability was the highest in the middle
aged groupd = 19.85), it was lower in the young adults’ grduop= 14.59), and the lowest in
the children’s § =12.95). The most boundaries were marked by tltzllemiaged listeners in
the description, as well (63.06%), the young adulésked less (54.94%), and the children did
the least again (47.19%). The variability of theéada this speech type was similar to that in
the experience telling (childrea:= 12.72, middle aged listeners= 18.08, young adults: =
23.06). The differences among the listeners’ groaggsnot significant in any speech types,
but the difference among the speech types is &gnif in all age groups according to the
repeated measure ANOVA.
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Figure 3 Sentence boundary marks in the three age graupsadhe three speech types



The number of marks was analyzed in all texts wetljard to the speech type and the age
groups. The number of listeners was set to 100%arch age group (children: 18, young
adults: 19, middle aged listeners: 17) and the rarmobmarks put at the same text point was
calculated in ratio compared to the number of thigests in the group.

In the experience-telling, the mean of marks atdhme text points was 28.45% in the
children’s, 29.07% in the young adults’ and 25.1é0the middle aged listeners’ group. The
highest frequency of appearance was found in epekch type at points where only one
subject had put a boundary mark (from the yountgesite oldest group this frequency was:
32.03%, 26.87%, 31.33%). The age groups did nov sy significant differences.

The young adults put the most boundary point in tdde, too (36.76%). There is no
difference between the children’'s and the middledagyroup (32.84% and 32.93%,
respectively). The marks at points where only angext had put a boundary mark were the
most frequent again; however, they did not appsdremuently as in the previously described
speech type. The tendency was though the sameddédaup the 25% of all boundary marks
in the children’s, 22.58% in the young adults’, a24l14% in the middle aged group’s
answers, and no significant difference was deteatedng the age groups.

The less variability in boundary marks was foundha description. The 36.70% of the
children, 43.29% of the young adults and 36.55%thaf middle aged listeners had put
boundary mark at the same text point on average. difference among the age groups
followed the tendencies of the other two speecledyfhe young adults had put the highest
number of boundary marks, and there was no difterdsetween the other two groups. Also
the most frequent appeared type of boundary mads where only one listener had put a
boundary mark (children: 31.58%, young adults: Q29 middle aged group: 21,43%). The
young adults and the middle aged listeners had edatke least one-listener-perceived
boundaries in this speech type, while the childrad in the experience-telling. All three age
groups had put the most one-listener-perceived demynmark in the tale. The difference
between the age groups reached the statisticgltyfigiant level neither in this speech type.

The appearance of boundary marks put by most ssljj@ore than 75% of the listeners in
the group: childrerr 14, young adults 15, middle aged group: 13) was analyzed in this
experiment, as well. All occurred at pauses, aéspehrase end.

The most text point where most {5%) of the listeners in a group marked boundary
appeared the most often in the description regssdtd the age group itself (children:
34.78%, young adults: 28.00%, middle aged grou®728). The experience-telling showed
the less frequent occurrence of this kind of texings (young adults: 11.63%, middle aged
listeners: 4.44%, children: 0%). In the tale, ipegred in the highest ratio in the eldest age
group’s answers (27.04%), while it was less freqjuehe young adults’ ones (25.00%), and
the children put the less frequently their markhatsame text points (15.38%).

At least one listener marked boundary at the 64%hef speech phrase ends in the
experience-telling and in the description and &0 ## those in the tale. The distribution of
boundary marks at these places was also analyzbdegard to the age of the listeners.

The children marked boundary at 53.23% of the dpgbcase ends, the young adults did
at the 51.79% and the middle aged listeners dithet55.56% of them in the case of the
experience-telling. The number of people who putkret the same phrase end was also
calculated. Its mean was 15.14% in the childre22s07% in the young adults’ and 20.30% in



the middle aged listeners’ group. The 28.45% ofcthitdren, 42.76% of the young adults and
35.97% of the middle aged listeners perceived septboundary at the boundary marks set at
phrase ends.

The middle age group put the most often boundargkaa the phrase ends in the tale
(64.38%), while the children marked boundary lessjdently at these points (60.27%) and
even less boundary marks were found in the youmndisacdainswers at phrase ends (58.90%).
Also the eldest aged listeners put most often bayndnarks after pauses (31.27%), the
second eldest group marked the 27.40% of the passbsundary, and the children did only
the 26.03% of them. The most boundary marks thaé \wkaced at the same text point by at
least the 75% of the listeners followed the samnmeldacy. The 43.18% of the children’s
boundaries at speech phrase ends was marked &abyetde 75% of them, 46.51% of that of
the young adults and 48.56% of the middle age dsodjhe intergroup difference is neither
in this speech type significant.

The description showed a different tendency thanaihove described two speech types.
The young adults marked boundary at the 57.14%@fpeech phrase ends, the children at
the 54.28% and the eldest group at the 51.43% @inthThe 31.43% of the children’s
boundary marks was set at speech phrase end, 1P@8Dbf the second eldest age group’s,
while only the 28.57% of the middle aged listenersirks appeared at speech phrase ends.
The 61.78% of the boundaries marks at speech pkratewas set at least by the 75% of the
listeners in the middle aged group, this ratio Veager, 57.89% in the children’s answers and
only 50% in the third age group. The difference agthe listener groups did not reach the
level of significance.

The results for the three speech types were comparthe three age groups. In the case of
the children, the three speech types differed Bagmtly. The experience-telling was proved
to differ significantly from both the tale and tHescription according to the Tukey post hoc
test. Also in the case of the middle aged group, general results were found to be
significantly different, however, according to thakey post hoc test, only the difference of
the experience-telling and the description readhedlevel of significance. In the third age
group, no statistical difference was found amoregsppeech types.

The interrelation of the duration of the pauses #radfrequency of boundary marks was
also analyzed. | hypothesized that longer pausdb trigger the perception of end,
completeness in more listeners, i.e. the longepthese is the more marks appear at the same
text point. No text points were found in the caseéhe experience-telling in any of the age
groups where all listeners had put boundary mahle duration of the pause and the number
of the boundary marks at the same text point shawedddle-strong correlation according to
the Spearman correlation analysis in each age group

The interrelation of the pause length and the baundarks was analyzed in the tale, as
well. It also showed a middle-strong correlationa@ading to the Spearman test.

The description gave somewhat different resultsthie case of the young adults, no
correlation, while in the other two age groupsngigant strong correlation was found in the
pause duration and the number of boundary marks.

The type of pitch movement was analyzed in alldhage groups in all three speech types
at all text points where at least one speaker haked boundary. In experience-telling, the
most of the boundaries appeared after raising pitcil three age groups (children: 47.67%,



young adults: 26.96%, middle aged group: 42.00%er@he fourth of the marks occurred
after floating pitch in all age groups. Boundary rksa appeared less frequently after
decreasing pitch in all subject groups (childre®:38%, young adults: 23.44%, middle age
listeners: 16.29%). Boundary marks were rarelygiwquickly rising pitch, creaky voice and
laughter or inside the pitch contour.

The most of boundary marks appeared after flogtitaip in all three age groups in the tale
(from the youngest to the eldest: 38.87%, 34.10% 4h45%). Decreasing pitch also often
triggered boundary perception (in the same orddr7&0, 27.42% and 31.83%). The
boundary marks appeared the third most often afterg pitch (in the same order: 18.16%,
25.80% and 21.15%).

Over the half of children’s boundary marks (52.59%)er the third of that of the young
adults (38.71%) and nearly the half of those intthied age group (42.15%) were set after
rising pitch. The children and the middle aged gsomore often set boundary mark after
decreasing pitch (18.33% and 21.07%, respectivéign after floating pitch (16.33% and
20.69%, respectively). Young adults put boundaryksafter both types (22.58%).

6. PARAGRAPH-LEVEL SEGMENTATION IN HUNGARIAN

In the experiment where the listeners’ task wasntrk paragraph boundaries 76 text
points were marked at least by one of them anddta® number of marks set was 579. The
mean of the number of paragraph boundaries markemhé speaker was 12.87 (SD = 7.39).
These results show high interlistener differencEgy.(4). The mean duration of the
paragraphs was 34 s.
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Boundary markings

Figure 4.The distribution of the number of paragraph boupdaarks set by one speaker

The lowest number of paragraph boundary set bgdhge speaker is six (it appeared three
times). The highest number of that is 45 (sevemsimore marks than the lowest, it appeared
once). This results means that there were listembosconsidered speech parts as a paragraph
that were longer than one minute, while others saged the text into near 10 s long parts.



23 out of the 76 boundary places (30%) appeargeixapoints where no pause appeared.
In the most of these cases the boundary was markgdy one listener. The highest number
of paragraph boundary set inside speech phraseasdgpeaker was 10. That also means that
only the 22.22% of the listeners marked togethsuah places.

Boundary marks set at pauses were also most oféekech only by one listener but at the
same time the number of marks set at the same plaseveral subjects was more frequent
than in the case of those set inside a speechehras

The interrelation of pause duration and boundarykmawvas also analyzed. This
interrelation did not reach the level of significanlonger pauses did not trigger marks by
more listeners than shorter pauses did.

Most of the boundary marks (98%) were found atehd of syntactic structures. That
means that grammatical complexity is a relevantrasttaristic of thought-units in
spontaneous speech. Only six out of the 76 marlathdary points were set inside a
syntactic unit that means 11 markings. Four ouhefll markings (five listeners marked at
the same place, the other places were marked gnlynb subject) were set at text points
where no pauses appeared. Two further of thesesnwegke put at text point where a short,
shorter than 500 ms pause was to be found (twoingglat a 272 ms long pause, one at a
417 ms long one).

The interrelation of pitch movement and paragrapiniolary marks was analyzed, as well.
The boundary marks at the different types of ptachtours were calculated in the ratio of all
marks. Near the half of the boundary marks weltgetéound at creaky voice. Marks appeared
less often after floating (26%) and rising pitct2%@), and only 4% of them were set after
decreasing pitch.

The 32% of the text points where at least oneretenarked boundary were marked only
by one listener. That adds up the 4% of all boundaarks. 80% of the 24 text points where
only a couple of the listeners marked boundary twabe found at the end of a syntactic
structure. 45.83% of these non-consensual boundaris were put inside a speech phrase.
The most of these appeared at 200 ms long or shmatses and the longer the pause was the
less of the non-consensual marks appeared. The ofdse text points where only one
listener marked paragraph boundary ended withifiggtitch (45.8%) while these were less
frequent at decreasing pitch and creaky voice.%%2 the text points marked by only one
listener ended with rising pitch.

No text points were marked by all subjects; howel¥ of them were marked at least by
75% of the listeners (34 people).

All text points where at least 75% of the subjentyked as a boundary was followed by a
pause that was at least 500 ms, was the end aftacsig structure. Four time creaky voice,
twice floating pitch was detected at these poiBtssides the syntax and prosody, semantic
and pragmatic features also played important raleparagraph-end percept: the speaker
changed topic at each of these points.



7. THESES OF THE PHD-DISSERTATION

The goal of my research was to explore the prosesssegmentation. The research was
carried out on the analyses of production and jpeice of spoken language. The results
suggest the following theses, conclusions:

1. The realization of speech phrases is more Maritian that of intonation phrases.
Intonation phrases can be considered as the funmdamelement of the suprasegmental
structure.

2. Both the production and the perception of virgentences are affected by the speech
mode. Sentence boundary percept is more stab&ading aloud than in spontaneous speech,
i.e. marks at a place are more often set by the hstsners at the same text point in the first
one. This difference may be resulted by the diffeecof the speech planning processes of the
two speech modes.

3. The characteristics of the speech types affentesce-level segmentation. During
segmentation, listeners rely heavily on featured #re typically realized differently in the
speech type in question than in the others.

4. Segmentation strategies are rather similarerthgraders’, in the young adults’ and in
the middle aged listeners’ perception. The skilimttlead to adult-alike segmentation
strategies seem to be acquired solidly by the dgE3dl4 years. Generational differences
don’t affect the segmentation strategies.

5. The units longer than sentences are to be fomnspontaneous speech. Listeners’
cognitive ideas about paragraphs in spontaneowsimbffer from each other’s.
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