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Abstract

In this study the local and global prosodic expaserf infor-
mation structure are examined in the productiosixoBulgar-
ian question-answer elicited sentences under diffefocus
conditions (broad focus and non-contrastive andtrastive
narrow focus). Local cues are the phonetic propertf the
nuclear accented syllables, while global cues cefteoader
phonetic patterns in the intervals before and dfternuclear
accented syllable, which in some cases vary indéggty of
the tonal accent. Results show that speakers censistdis-
criminate broad and narrow focus by both local ghabal
acoustic cues. Contrastive and non-contrastive &&eea dif-
ferentiated exclusively by local cues, but only whke focus
is early in the sentence.

Index Terms: information structure, prosody, local and global

cues, Bulgarian

1. Introduction

Most languages employ prominence-giving mechanisons
mark the relative informational importance of pautar words
in a phrase, often combined with word order andispéexic-
al items or syntactic constructions. It is commomlistinguish
three elements of information structure (IS, el@]): ‘topic’
(the subject matter, on which new information ish® of-
fered), ‘focus’ (the new information offered) anftet‘given
information’ (information given previously or assatto be
known). These elements can be realized prosodibgliyeans
of a ‘topic accent’, a ‘focus accent’ or by ‘de-antuation’. At
some basic production level, the speaker investe reffort in
accentuated words compared to the words conveyingeng
information, with the consequent acoustic effedigyi@ater
duration and intensity, higher or changing fundataefre-
quency (F0) and in some way more distinct spepim@gberties
[10, 17, 24, 33]. However, there is evidence thlaiglages
differ in the amount each of the acoustic dimersichanges
under accentuation [4, 25, 26] and there is conalile debate
about which properties are used by the listeneidemtify
prominent words or syllables. Pitch (measured gsid-0ften
seen as dominant [28, 14, 18], but duration [9, BfiEnsity
[9, 24, 35] and even voice quality [33] have alser singled
out as important if not dominant determinants ofcpied
prominence

Depending on the information provided by the prateat,
the focused part of a phrase can be restrictechéoveord —
‘narrow focus' — or extend over much of the phraseroad
focus'. Within 'narrow focus', there is consideeabisagree-
ment in the literature about whether ‘contrastaed 'non-
contrastive' focus are two distinct IS categoriekarly, the
context may or may not specify a semantic entitwidch the
focused word is in explicit contrast, providingextual basis
for a distinction. However, e.g. Rooth [31] seesimplicit
contrast in any narrow focus; any expression hassewmantic
representations: the meaning of the expressioli éad a set

of alternatives. In the case of explicit contréit alternative is
known, but for Rooth the meaning of the expressioesdnot
change if the alternatives are not explicit.

Clear prosodic evidence for or against a contrastinen-
contrastive distinction is not apparent from theerhture.
Some have argued that there is no difference [26,34],
while others have found evidence and argued thmaesacous-
tic features differ between contrastively vs. namcastively
focused elements [13, 27, 7, 23].

Somewhat surprisingly perhaps, there is also désagent
about the reliability of the broad — narrow focustidction. Of
course, acceptance of the same utterance follokadtiy a pre-
context cueing narrow focus and one cueing broadsf@an
only occur when the narrow focus is on the finaidal item.
But given this condition, equal acceptance has Iseemwn in
several studies [11, 21, 37], while others claimt tfheir sub-
jects have consistently been able to make a digim{3, 32].

In this paper, the prosodic exponents of broadf@nd of
non-contrastive and contrastive narrow focus asgerexed in
the Sofia variety of Contemporary Standard Bulgarian.

Important factors in the realization of the infotioa
structure in Bulgarian utterances are:

« word order remarkably flexible and discourse condi-

tioned, as in all Slavic languages;

« morphological category afefinitenessunusual in the
Slavic language family;

e clitic replication of nominal material;
. intonation.

Avgustinova [5] models the IS of Bulgarian utteranes in-
terplay of the first three factors, while MiSev®]2nd Nikov
& MiSeva [22] address the role of intonation. Theeyperimen-
tally investigated the regularities of FO changepressing
phonetic prominence presented in terms of the ttoeuddil
theme-rheme partitioning of the sentence. They lcolecthat
the linguistically relevant phonetic characterigticthe given
material (theme) is simply the absence of accenpuaini-
nence, i.e. de-accentuation. New material (rherheys the
same intonational pattern in narrow and broad fobus the
accentual contrast between the prominent and threusnding
syllables is greater in narrow than in broad focus.
Andreeva et al. [1], Andreeva [2] and AvgustinovaA&-
dreeva [6] adopted the terminology used in the rinfttion
Packaging approach in [36], where the basic focositd (cf.
rheme and theme) articulation of the utteranceuithér re-
fined by dividing the ground into link (what thecfas is about)
and tail (how the focus fits in the context). Contréo the
findings in [22, 29] they report that the undertyifphonologi-
cal) pitch accent pattern for the thematic mateisalL*+H.
Differences in the particular phonetic realizatiatepend on
how the theme is realized on the surface, i.e. Biska(non-
final in the intonational phrase) or a tail (finalh the link
(pre-nuclear) the underlying pattern is realizedrgically as
a gliding (slow) FO rise from a low target withinet accented
syllable up to the next syllable (if there is enbgyllabic ma-



terial), otherwise only within the syllable itselfn the tail

(post-nuclear) the underlying pattern is not realiphoneti-
cally, i.e. there is a phonological rule deletitigpétch accents
after the nuclear tone. In the opposition narronbvead focus
the underlying H* for the nucleus is realized wéth emphasis
[+raised peak] in the marked member of the oppmsifi.e.

narrow focus). In the case of a contrastive narfogus, the
phonetic realization of the shape of the underlitfgis also

different, namely H*> [+raised peak; +delayed peak]

In this article, the question we would like to agl is
whether Standard Bulgarian distinguishes betweeferdiit
types of focus: a) non-contrastive and contrastiagow fo-
cus, and b) broad and narrow focus. We first ingast the
local acoustic cues in the nuclear syllable in geohduration,
FO and intensity. Bruce [13] claimed that the fodesnain is
larger than the focused constituent and can atffecprosodic-
acoustic realization of the whole sentence. Theeefwe shall
also investigate the global effects of the IS oratan, FO and
intensity in the part of the utterance preceding &ollowing
the nuclear accent.

2. Material and Methods

The Bulgarian data that were used in this study vieken
from an existing speech corpus consisting of rgaebech for
several languages [4]. The stimulus material coedisf sen-
tences with a fixed, canonical word ordarbject < verb <
direct object < indirect object < obliqueThis increases the
role of prosody as an information-structuring factalowing
us to focus on the acoustic correlates of diffefents types.
There were two critical words (CWSs) in the sentemtich
could be realized with prominence, one early (CWHJ ane
late in the sentence (CW2). For each sentence, demof
questions were devised to elicit prmad-focusresponse, b) a
response with aon-contrastive narrovfocuson the early and
c¢) on the late CW and d)@ntrastivefocuson the early and
e) on the late CW. The sentences (with the critieaids un-
derlined) are:

1. Iumo [anes riiena aBe jaena.
Dimo Danev gleddvedetsa.
Dimo Danev looks after two children.

2. Bare Credan B3e ceieM KHUTH.
Bate Stefan vze sedem knigi.
The elder Brother Stefan has taken seven books.

3. Urpax Ha gama Ge3 kaka TH.
Igrax na dama bez kaka ti.
| played draughts without your older sister.

4. bare Manu nu ThMHa Oupa.
Bate Mani pidmna bira.
The elder Brother was drinking dark beer.

5. lum [laHeB 1 TPU IBTH.
Dim Danev pja tri fiti.
Dim Danev has sung three times.

6. Kaka Huna tppcn uepen xisio.
Kaka Ninadrsi ¢eren xljab.
The elder sister Nina is looking for dark bread.

The Bulgarian data corpus consists of 1080 sentencedal

(6 speakers x 6 sentences x 5 focus conditionsepétitions).
In this article we present analysis results foralomeasure-
ments in the CW for all sentence repetitions. We plesent a
more detailed analysis of the global prosodic pagten the
entire sentence for the first three of the six labdé repeti-
tions.

2.1. Recordings and processing

Six regionally homogeneous speakers of Contemp@&@tanyd-

ard Bulgarian as spoken in Sofia (3 female, 3 makxe rec-
orded in a sound-treated studio. They read alouti e&the
above sentences from a PowerPoint presentati@sponse to
pre-recorded questions. The sentences and theanssticit-

ing different focus responses were pseudo-randamared

offered to the informants in six blocks, resultingsix repeti-

tions of each sentence for each focus conditior Jibjects
were paid for participation.

The recordings were made using an AKG C420IlIIPP
headset on a Tascam DA-P1 DAT recorder and traesfer
digitally via the optical channel to a PC using Key Elemet-
rics MultiSpeech speech signal processing program.

Segmentation, labelling with SAMPA and further pro-
cessing were done using the Kiel XASSP speech Isagrady-
sis package. Six labelling assistants were alldcdiéferent
sentences (to maximize labelling consistency aarossditions
within each sentence) and segmentation probleme vegu-
larly discussed and decided with the authors atfgtevel. In
addition to the segmental labelling the pitch atsevere also
labelled by the first author, using BG-ToBlI [2], withe peak
alignment of the L(ow) and H(igh) targets expligiipecified.
The positions of the FO maxima and minima were tisub
checked by an automatic procedure for which thetPpach
tracker was used.

2.2. Acoustic measur ements

Local and global acoustic measures were calculatgdg
praat scripts and operationalized as describetientwo fol-
lowing subsections.

2.2.1. Local measurements

Local measurements of duration, FO and intensitseweade
in the CWs in all the sentences read aloud by tfeermants.

a) Duration

Durations were measured for the stressed syllabfethe
CWs. The durations of the vowels in these syllablese also
measured. Since all analyses and comparisons w&aiedcout
on individual sentences spoken in different foomsditions, it
was possible to normalize all durational measurésnes a
percentage of the mean duration of the correspgndlit in
the sentence.

b) Fundamental frequency

FO was calculated as the mean fundamental frequétaly
across the syllable nucleus (vowel or syllabic sant) of the
lexically stressed syllable of the CW. These valuere also
normalized by expressing them as percentages onéaa
overall FO of the sentence.

As a measure of peak alignment, the above abstdoie
poral distance from the FO peak to syllable onset dyme
onset were calculated. In order to compensatehvarying
segmental durations on peak alignment, the abowgelate
measures were converted to relative measures, tkanpro-
portion of syllable and rhyme durations.

c) Energy
Energy was measured in two ways. First, as the nmansity
[dB] of the stressed vowel in the CW. These intgnegitlues
were normalized by subtracting the sentence interSecond,
energy was measured as the spectral balance iwotvel.



This was computed as the difference in energy lewbe
70-1000 Hz and 1200-5000 Hz frequency bands.

2.2.2. Global measurements

Global measurements of duration, FO and energy werge
for the first three sentence repetitions by eacraker in each
condition (focus type x sentence).

a) Duration
Durations were measured for the beginning of thetesee
(sb) up to the focused syllable and for the sentence(sepl
starting from the end of focused syllable. The galwere
normalized for speaking rate by calculating thecpetage of
the total sentence duration.

Since the number of syllables in the sentenceesathe
tempo of sb and se were computed by dividing tdenation
by the number of syllables in the interval.

b) Fundamental frequency
In addition to mean FO and peak alignment (se@i@nl), the
minimum FO value preceding (L) and following theake
(Lpost) was measured, and the pitch excursion lestwbe
preceding FO minimum and the peak (LH) and betwiben
peak and the following FO minimum (HLpost) was caeo
(s. Figure 1).

Individual FO differences were removed by convertihe
obtained measurements to semitones by means dbltbe-
ing formula:

39.863 * log10(Maximum/Minimum)

Mean FO values for sb and se were also computech@maal-

ized by converting them to percentages of the seetenean.
c) Energy

The intensity of sb and se were also measured andatized

using the same procedure as for the stressed vowels
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Figure 1:Labeling example (sentence 6, narrow non-
contrastive focus on CW2).

2.3. Statistical analysis

The effect of focus condition was analyzed as ahimit
subjects factor separately for the local and glababsure-
ments in a mixed between-within MANOVA, with suljes a
between-subjects factor. We report univariate testth

Greenhouse-Geisser estimates of F. These wereederifith

the multivariate Pillai’s trace statistic; cells mweequal in size.
Separate Bonferroni post-hoc tests were carriedibappro-

priate. The confidence level was seta0.05.

3. Reaults

In our data, the narrow focus is realized as (L+pitth ac-
cents (except by speaker SP6). When the focuslzed on
CW1 the H target is mostly reached close to theddribe ac-
cented syllable (93 %); when the focus is realaedCW2 die

H target is reached close to the beginning of twerted syl-
lable (85%). In broad focus condition, we obseragdHH/L*
with early peak alignment. Speakers vary as ta theiferred
choice of phonologically specified accent types #rar pho-
netic realization. SP6 exclusively uses downstdppéclear
accents (H+!H*) in the narrow focus condition redjass of
the position within the sentence, SP5 has a stprafgrence
for downstepped nuclear accents (H+!H*) in the oarfocus
condition on CW2 and speakers 1, 2, 4 and 5 shoveferp
ence for late peak alignment in the contrastiveifoon CW1.
The number of the pitch accents with early and [seak
alignment used in the different focus conditionsusnmarized
in Table 1.

Table 1: Distribution early versus late peak aligmts
(left-hand column) per focus condition and spegkete: only
2 sentences were analyzed for broad focus).

speaker
SP1| SP2| SP3| SP4| SP5| SP6| total

El CW2broad 6 | 6 | 6 | 6 | 6| 6] 36
AlCw2nc | 18| 18| 17| 17| 18 14 104
R CW2 ¢ 16 | 17| 18| 13| 18 18 10
Llcwinc | 7] 5] 10| 2| o] 16 40
Y[ cwic 2 | a| 12| a| 1| 16 39
total 29| 50| 63| 42| 43 74 321

CW2broad 0 | 0] 0] 0] 0] 0] o0

"& cw2nc | 0] o] 1] 1| o] o] 2

Alcwae 2] 1] o] 5] o] o| s
lowinc | 11[ 13| 8| 16| 18] 2| 68
CWic 16| 14| 6| 14| 17| 2| 69
total 29| 28| 15| 36 35 4| 147

In Bulgarian broad focus sentences, each contend vgoac-

cented. In our data, CW?2 is the last content worsemtences
3 and 5, while it is followed by another contentrdidn the

remaining sentences. To determine whether the ticaesli-

zation of sentences in which only the object (CWa&ries a
narrow focus differs systematically from those ihieh the

entire event is focused (broad focus), we analgrgences 3
and 5 separately from the other sentences. To tige¢s

whether speakers prosodically differentiate nontemtive

and contrastive narrow focus we analyze all seet®rexclud-
ing the broad focus conditions. Sentences contgiam early
focus (on CW1) are analyzed separately from thoséagtng

a late focus (on CW2).

3.1. Local acoustic correlatesof 1S

The results from the statistical analysis of theal@acoustic
measurements (see section 2.2.1) for all focusitions are
summarized in Table 2.

3.1.1. Broad vs. Narrow

When the nuclear accent falls on CW2, both focusitiom
(F[2, 90] = 29.739, p<0.001) and speaker (F[5, 9@5.307,
p<0.001) have a significant effect on the peak nafignt.
Moreover, there is a significant interaction betwebhe two
factors (F[10, 90] = 5.012, p<0.00). Speakers lighdahe FO
peak substantially earlier in the broad focus coowlithan in
narrow focus, while speakers 5 and 6 do not diffeate be-
tween the two focus conditions.

Broad focus differs from narrow focus in that it lsh®rter
syllable durations (F[1,724; 51.717] = 211.658, 5Q),
lower vowel intensity (F [1.458; 41.117] = 539.37,0.001),
greater spectral tilt in the vowel (F [2.467; 69D& 32.807,



p<0.001) and a lower FO in the vowel (F [1.720;083] =
340.662, p<0.001). This FO difference reflectsuke of a dif-
ferent nucleamaccent types: H+!H*/L* for broad and (L+)H*
for narrow focus.

Table 2:Main effects for focus condition and subject oraloc
acoustic measurements and interactions (*** p<0.J01

parameter | focus cond. | subject | interaction
nuclear accent on CW2 (broad vs. late)
peak alignment rrk o o
syll. duration rrx n.s. n.s.
vowel intensity i i i
vowel SpecTilt o il il
vowel FO mean rrk rrk el
nuclear accent on CW1 (contr. vs. non-contr.)
vowel duration ok n.s. n.s.
syll. duration rrx n.s. n.s.

3.1.2. Contrast vs. Non-Contrast

Contrastive and non-contrastive focus is realizedtidally on
CW2. When the focus is realized on CW1, the pitcteatc
are identical, but speakers produce a systematidatiger
vowel (F [2,218; 66.526] = 42.542, p<0.001) andadyfe du-
rations (F [2,281; 60.636] = 267.788, p<0.001)Ha tontras-
tive focus condition.

3.2. Global acoustic correlatesof 1S

Table 3 summarizes the results from the statistinalysis of
the global acoustic measurements for all focus itiond (see
section 2.2.2).

Table 3:Main effects for focus condition and subject orbglo
acoustic measurements and interactions (*** p<0.001

parameter | focus | subject] interaction
pre-nuclear accent on CW1 (broad vs. late)
vowel intensity | = ] ns. | n.s.
nuclear accent on CW2 (broad vs. late)
excursion LH il il i
excursion HLpost i xxx i
tempo pre-nuclear (sb) i i n.s.
intensity pre-nuclear (sh rrx i i
intensity post-nuclear (sg)  *** i n.s.

3.2.1. Broad vs. Narrow

Considering non-local (global) effects, we also Btigated
the realization of CW1 for broad- vs. narrow-focuffetlences
when the nucleus is on CW2. Although the CW1 wasdeot
accented in narrow focus (compare also [1, 2, &jy pitch
accents realized in broad and narrow focus contditivere
identical (L*+H), we observe a difference imtensityin the
pre-nuclearly accented CW1 vowel, with a higher gbinten-
sity in broad than in narrow focus (F [1.717; 5T7BG
631.053, p<0.001), i.e. a measureable weakenintpeofpre-
context in narrow focus on CW2.)

With respect to the pitch excursion (see sectiéh2®. a
main effect was found for focus condition for theHLexcur-
sion (F[2, 89] = 33.948, p<0.001) as well as foz ti-Lpost
excursion (F[2, 89] = 12.607, p<0.001), with largecursions
for narrow focus. There was also a main effectspeaker,
both for the L-H excursion (F[5, 89] = 106.959, @B3@L) and
for the H-Lpost excursion (F[5, 89] = 122.041, ®B@L). Fo-
cus and speaker also interacted significantly (F[89] =

4,932, p<0.001), with only speakers 1-4 differeiniz be-
tween the broad and narrow focus.

In the broad focus condition, the tempo in the quelear
interval (sb) is lower (F[2, 90] = 6.662, p<0.0hdahe inten-
sity is higher than in narrow focus (F[2, 90] =@25p<0.01),
while intensity for the post-nuclear interval ($&)ower than
in narrow focus (F[2, 90] = 12.582, p<0.001).

Speakers also differed significantly (tempo sb:, F8] =
14.868, p<0.001; intensity sb: F[5, 90] = 55.562001; in-
tensity se: F[5, 90] = 11.909, p<0.001). An int¢i@t be-
tween speaker and focus condition is only foundiritensity
in the pre-nuclear interval sb (F[10, 90] = 3.1p30.001).
Again, speakers 5 and 6 do not differentiate betwe®mad
and narrow focus.

3.2.2. Contrast vs. Non-Contrast

No differences were found between the global memsants
for contrast versus non-contrast, independenteptisition of
the nuclear accent.

4. Discussion and Conclusions

We investigated the prosodic realizations of infation struc-
ture categories in Bulgarian. With regard to théedénce be-
tween non-contrastive and contrastive focus, weesl that
contrastive focus was marked more prominently than-
contrastive focus only locally and only in termswvofvel and
syllable duration, when the CW occurs in the firalf lof the
utterance. These results are not captured by aatiroBI
annotation.

With regard to the difference between broad foasrear-
row focus on CW2, it was found that both local anabgl
parameters were used. More specifically, narrowded syl-
lables in CW2 were consistently realized with a kemdura-
tion, later peak alignment (but still early in thglable), great-
er FO excursions and higher energy than syllabids bvoad
focus (local measures). This finding is not suipgssince all
subjects but one used different pitch accent typesgnal nar-
row vs. broad focus: (L+)H* vs. H+!H*/L*, respectly.

More important for the issue addressed in this ysta
the differences found in the global measurememsagdree-
ment with results of previous research [1, 2, 6] de-
accentuation was found for narrow focus on CW2 im- pr
nuclear position. Broad and narrow focus are ndindjeished
by accent type on CW1 (L*+H for both), nor is thereliffer-
ence in global FO. However, the thematic, pre-rarcisterval
(sb) in the narrow focus condition differs from theematic,
pre-nuclear interval in the broad focus conditiantérms of
global measures. In responses with broad focusntieeval
preceding a focused syllable (sb) has a longertidarand a
higher intensity than responses with narrow focnsGW2.
This intensity difference is also found for the-preclear CW1
vowel alone. Also, the interval following the nuateaccent
has a lower intensity in responses with broad fabas re-
sponses with narrow focus on CW2. This finding insistent
with the observed post-nuclear vowel devoicingriodd focus
conditions observed in [3].

To conclude, the all-important function of intoroatj
namely to transmit the relative weighting of infation in
speech communication, cannot be captured by ayppheino-
logical description of realized accent types. Crlgidhe IS-
related patterns of phonetic prominence which aevealed in
this study show a complex interplay between phagiol
categories and the local and global phonetic sigraerties.
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