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Abstract

In this study, local and global prosodic cues for information structure are
examined in the elicited production of six Bulgarian sentences. The sentences
were produced in response to different questions, devised to prompt different
focus realizations (broad focus and non-contrastive and contrastive narrow focus).
Results show that speakers consistently differentiate broad and narrow focus by
means of both local and global acoustic cues, by producing different pitch accent
types on the nuclear syllable and reducing the ‘phonetic strength’ of the default
pre-nuclear accent in the narrow focus condition. Thus, the difference between
the acoustic properties of the nuclear and the pre-nuclear accented syllables is
smaller in the broad focus condition and greater in the narrow focus condition.
Contrastive and non-contrastive narrow-focus accents are differentiated by /local
cues, i.e., by longer duration when the focus is early in the sentence and by global
cues, i.e., by enhancing the tonal contrast between the nuclear prominence of
CW2 and the pre-nuclear prominence of CW1 when the focus is late in the sen-
tence.

© 2017 S. Karger AG, Basel

1. Introduction

Most languages employ mechanisms that give prominence to mark the relative infor-
mational importance of particular words in a phrase, often combined with word order and
special lexical items or syntactic constructions. It is common to distinguish three ele-
ments of information structure: ‘topic’ (the subject matter on which new information is to
be offered), ‘focus’ (the new information offered) and the ‘given information’ (informa-
tion given previously or assumed to be known) (e.g., Féry and Krifka, 2008).

These elements can be realized prosodically by means of a ‘topic accent’, a
‘focus accent’ or by ‘de-accentuation’. At some basic production level, the speaker
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invests more effort in accentuated words than in words that convey given informa-
tion, with the consequent acoustic effects of greater duration and intensity, higher or
changing fundamental frequency (f0)) and in some way more distinct spectral proper-
ties (Bertinetto, 1981; Dauer, 1987; Kochanski et al., 2005; Sluijter and van Heuven,
1996). However, there is evidence that languages differ in the amount each of the
acoustic dimensions changes under accentuation (Andreeva et al., 2014; Koreman et
al., 2008; Koreman et al., 2009), and there is considerable debate about which prop-
erties are used by the listener to identify prominent words or syllables. Pitch (mea-
sured as f0) is often seen as dominant (Cooper et al., 1985; Eady and Cooper, 1986;
Lieberman, 1960), but duration (Beckman, 1986; Fry, 1955), intensity (Beckman,
1986; Kochanski et al., 2005; Turk and Sawusch, 1996) and voice quality (Sluijter
and van Heuven, 1996) have also been singled out as important if not dominant deter-
minants of perceived prominence.

The observation that one and the same sentence can be an acceptable answer to
different questions as long as it is spoken with different accentuation patterns was
made as early as 1880 by Hermann Paul (1937). Depending on the information pro-
vided by the pre-context, the focused part of a phrase can be extended over much of
the phrase — ‘broad focus’ — or restricted to one word — ‘narrow focus’ —, which in turn
can be non-contrastive or contrastive (but see discussion below). In (1), (2a) and (2b)
below illustrations of the three focus types are given using the sentence ‘TIETHBP CE
I[MPEMECTU B CODUS’ (Peter has moved to Sofia).

1. broad focus:
HNMA JI HEIIIO HOBO? (Is there anything new?)
[IETBHP CE [TIPEMECTU B CO®US],.
2a. non-contrastive narrow focus:
KBJE CE ITPEMECTU IIETBP? (Where did Peter move to?)
ITETBHP CE ITPEMECTHU B [CODUA];.
2b. contrastive narrow focus:
IETHP B INTOBANB JIU CE IPEMECTU? (Did Peter move to Plovdiv?)
IETHP CE ITPEMECTU B [CODUS ;.

The syntactic constituent in square brackets is indexed with ‘F’ to show its func-
tion as the focus corresponding to what the preceding question is asking about. While
the whole sentence is focused in (1), only part of it is focused in (2a) and (2b). The
question in (2a) and (2b) already implies that Peter has moved, so that part of the infor-
mation in the answer is ‘given’, and only the place moved to is focused.

Regarding ‘narrow focus’, there is considerable disagreement in the literature
about whether ‘contrastive’ and ‘non-contrastive’ focus are two distinct information
structure categories. Some authors argue that ‘contrast’ can be regarded as an indepen-
dent grammatical category, and that contrastive focus can be categorically discrimi-
nated from non-contrastive focus (see Chafe, 1976; Halliday, 1967; Kratzer, 2004;
Molnar, 2002; Rochemont, 1986; Selkirk, 2002; Vallduvi and Vilkuna, 1998). Others
are of the opinion that contrastive focus cannot be regarded as an independent cat-
egory of information structure (see Bolinger, 1961; Biiring, 2007; Féry and Krifka,
2008; Jackendoff, 1972; Rooth, 1992). Clearly, the context may or may not specify a
semantic entity to which the focused word is in explicit contrast, providing a textual
basis for a distinction. In (2a), there is no explicit set of possible cities (like Burgas,
Russe, Sofia, Varna, Veliko Tarnovo), from which Sofia is being selected. In (2b), an
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explicit alternative city is being introduced: Plovdiv. The information in sentence (2b)
explicitly contrasts with a specific item (Plovdiv) which has already been mentioned
in the discourse. However, e.g., Rooth (1992) sees an implicit contrast in any narrow
focus; any expression has two semantic representations: the meaning of the expres-
sion itself and a set of alternatives. In the case of explicit contrast, the alternative is
known, but for Rooth the meaning of the expression does not change if the alterna-
tives are not explicit.

In the study presented here, non-contrastive focus will be used to refer to responses
to questions without an explicitly mentioned alternative to the answer, where the focus
refers to the information required by a question. Contrastive focus will be used to refer
to cases with an explicitly mentioned alternative, where the speaker introduces a con-
trast into the discourse and wants to actively override an element of what (s)he believes
to be the addressee’s informational state.

Clear prosodic evidence for or against a contrastive vs. non-contrastive distinc-
tion is not apparent from the literature. Some have claimed that there is no difference
(Bolinger, 1961; Cutler, 1977; 't Hart et al., 1990), while others have found evidence
and argued that some acoustic features differ between contrastively vs. non-contras-
tively focused elements (Bartels and Kingston, 1994; Breen et al., 2010; Bruce, 1977,
Ito et al., 2004; Katz and Selkirk, 2011; Krahmer and Swerts, 2001). However, the
results are not always consistent and sometimes even contradictory. For English, it
has been found that a higher peak in the pitch accent is the most reliable perceptual
cue for differentiating a contrastive from a non-contrastive narrow focus, e.g., Bartels
and Kingston (1994), and Ito et al. (2004) observed that speakers more frequently used
a large pitch excursion (L+H*) rather than simply a high peak (H*) to signal con-
trast. A clear difference was also found by Breen et al. (2010) in a production task in
which subjects were explicitly required to differentiate contrastive and non-contrastive
focus, albeit with f0 findings that contradicted the former two studies. The distinction
was expressed with higher intensity, longer durations and surprisingly /ower mean f0
in contrastive focus. However, an asymmetry was found between the perception and
production results. Listeners were unable to use the distinction made in the produc-
tion consistently to differentiate between contrastive and non-contrastive focus. The
authors, therefore, conclude that there are no consistent semantic differences between
contrastive and non-contrastive focus types.

Dialectal differences in the realization of contrastive and non-contrastive focus
have also been observed. Data reported by Arvaniti and Garding (2007) showed that
Californian speakers consistently used H* accents for new information and L+H* for
contrastive focus, while Minnesota speakers used the same accent category (L+H*)
for both, but still differentiated contrastive from non-contrastive focus by producing a
higher peak in the former case. In Russian, the distinction between contrastive vs. non-
contrastive focus is made by the accent type (high rise-fall vs. mid-fall), by a longer
syllable duration and by prosodic phrasing (Alter et al., 2001; Mehlhorn, 2002; Meyer
and Mleinek, 2008; Zybatow and Mehlhorn, 2000). German contrastive focus is char-
acterized by different accent types (L+H*), greater f0) excursion, later peak-alignment,
longer duration of the accented syllable and higher intensity compared to non-contras-
tive focus (Alter et al., 2001; Baumann et al., 2006, 2007; Braun, 2005, 2015; Féry and
Kiigler, 2008; Grice et al., 2009; Kiigler, 2008).

Somewhat surprisingly, there is also disagreement about the reliability of the broad
vs. narrow focus distinction. Of course, acceptance of the same utterance following both
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a pre-context cueing narrow focus and one cueing broad focus can only occur when
the narrow focus is on the final lexical item. Given this condition, equal acceptance
has been shown in several perceptual studies (Birch amd Clifton, 1995; Gussenhoven,
1983; Welby, 2003), while others claim that their subjects have consistently been able
to make a distinction (Rump and Collier, 1996; Breen et al., 2010). Longer durations in
narrow focused words have been found in production studies for Dutch (Hanssen and
Cooper, 2008), German (Baumann et al., 2006, 2007), English (Breen et al., 2010; Eady
and Cooper, 1986; Sityaev and House, 2003; Xu and Xu, 2005) and Serbo-Croatian
(Smiljani¢, 2004). Differences in tonal structure have also been reported: higher f0)
peaks in German and English, steeper falls in Dutch and expanded pitch range in Serbo-
Croatian for the narrow focus condition and greater intensity for narrow focus in English
(see literature cited above). Baumann et al. (2007) found additionally that vowel articu-
lation plays a role in marking different focus structures: Vowels had more peripheral
first and second formant values in narrow than in broad focus conditions (see also Cho,
2005 for American English). Smiljani¢ (2004) investigated the peak alignment patterns
in two Serbo-Croatian dialects, one with (Belgrade) and one without (Zagreb) a lexical
peak alignment contrast. In Zagreb, the peaks are aligned earlier in narrow focus, while
in Belgrade only the peaks in the rising lexical accents are aligned earlier. The peaks
in the falling lexical accents are unchanged or are aligned slightly later. In Swedish,
narrow focus is marked with an additional H tone (Bruce, 1977). Some languages use
different pitch accent types to express the distinction between narrow and broad focus,
e.g., mostly H¥*/H*" vs. |H*/H+!H* for German (Baumann et al., 2007), H*+L vs.
H+L* for European Portuguese (Frota, 2000) and for Palermo Italian (Grice, 1995),
L+H* vs. H+L* for Neapolitan Italian (D’Imperio, 1997).

In the research that focuses on the relation between prosody and information
structure, it has been shown that focus interpretation is highly context dependent.
Bruce (1977) claimed that the domain within which focus is expressed acoustically
is larger than just the focused constituent and can affect the prosodic-acoustic real-
ization of the whole sentence. Not only does a focused constituent itself undergo
changes in f0, duration and intensity, there is also greater post-focus compression
of f0 and intensity, relative to broad focus sentences (Xu and Xu, 2005, for English;
Vainio and Jarvikivi, 2007, for Finnish; Hanssen et al., 2008, for Dutch, among oth-
ers). For Polish, Hamlaoui et al. (2015) found the enhancement of f0 and intensity to
be more important in contrastive focus contexts, and the reduction of the given words
to be more important in the non-contrastive focus conditions. Romanian speakers
signal narrow focus by expanded pitch range on the focused word. However, they do
not lengthen the segmental durations of the word under narrow focus compared to
broad focus, but they make the narrow focused word relatively longer by compress-
ing the durations of the adjacent words (Manolescu et al., 2009). Speakers seem to
employ cues for both the nuclear accented word and the words in the pre-nuclear
interval. The importance of such relative prominence patterns is also demonstrated
by Breen et al. (2010) for English. They show that for the disambiguation between
broad and narrow focus, the distribution of f0, word duration and intensity across the
sentence is crucial. Calhoun (2006) reports that the performance of a focus predic-
tion model, built using the NXT Switchboard corpus, is significantly improved when
information about the acoustics of adjacent words is included in the model.

In summary, it can be said that in order to signal the information structure of a
sentence, speakers use: (a) different pitch accent types and/or (b) the same accent type
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with different strength in one or more of the acoustic properties, using language- or
speaker-specific combinations of f0), duration and intensity and/ or (c) they suppress or
enhance the prominence of surrounding words.

In this study, we will refer to Jocal cues as the phonetic-phonological properties of
the nuclear accented syllables (see (a) and (b) above), and to global cues as reflecting
broader phonetic patterns in the intervals before and after the nuclear accented syllable,
which in some cases vary independently of the tonal accent (see (c) above).

In this paper, the prosodic exponents of broad focus and of non-contrastive and
contrastive narrow focus are examined in the Sofia variety of Contemporary Standard
Bulgarian. The paper is organized as follows: in section 2, we give a brief overview of
Bulgarian research with respect to information structure and intonation and we pose
the research questions; section 3 outlines the methodology of the production experi-
ment. In section 4 we show and analyze the results and finally we offer a concluding
discussion in section 5.

2. Background

Our study is concerned with Contemporary Standard Bulgarian, which is spoken by approxi-
mately 8 million people and belongs to the Southern branch of the Slavic language family. Bulgarian
is a language with variable (free) stress, where stress can fall on any syllable and can sometimes vary
with different grammatical forms of the same word. Stress placement serves as a feature to distinguish
otherwise phonemically identical words (e.g., /'para/ ([ 'para])‘steam’ vs. /pa‘ra/ ([pa'ra]) ‘coin’). Most
Bulgarian scholars have pointed to the occurrence of secondary stress, especially in longer polysyl-
labic words, compound nouns and adjectives, etc. (BojadZziev et al., 1999; Stojkov, 1966; Tilkov and
Bojadziev, 1990). In terms of rhythm, Bulgarian occupies an intermediate position on the stress-to
syllable-timed continuum and is characterized as being of a mixed type (Barry et al., 2003; Dimitrova,
1998). Bulgarian is a stress-accent language where pitch variation is used for varying functions, such
as disambiguation of different syntactic structures, signaling the difference between statements and
questions, and between different types of questions, indicating the emotional state and attitudes of
the speaker, highlighting important elements of the spoken message and regulating conversational
interaction.

Although some basic ideas of the Prague School theory of functional sentence perspective
(Mathesius, 1907, 1939, 1947; Travnicek, 1962) have been proposed for the analysis of Bulgarian
as early as Szober (1933/1979), they did not receive systematic application until the work of Ivancev
(1957/1978) and subsequently in Avgustinova (1997), Dyer (1992), Georgieva (1974), Leafgren
(2002), Pencev (1980) and Rudin (1985). Important factors in the realization of the information struc-
ture in Bulgarian utterances are:

. word order, remarkably flexible and discourse conditioned, as in all Slavic languages;

. morphological category of definiteness, unusual in the Slavic language family;

. clitic replication of nominal material specific to Bulgarian;

. intonation, fairly malleable, as in languages like English and unlike, e.g., Czech which

predominantly uses word order variation to mark information status.

At various times in the past, the intonation of Bulgarian has been the object of scientific inter-
est. Generally Bulgarian researchers start out from the assumption of a complex concept of intona-
tion. Intonation is understood as a complex interaction of fundamental frequency, intensity, duration,
pauses, etc. and studied according to its grammatical meanings: question, statement, exclamation,
command. Such a phonetic approach is inherent in the Russian intonation school and its followers (see
e.g., Miseva, 1991; Nikolaeva, 1977; Tilkov, 1981).

A phonological representation of Bulgarian intonation in relation to the formal-syntactic and
semantic aspects of the utterance was developed by Pencev (1980). He dedicated much of his
work to the information structure of the Bulgarian sentence. His point of departure is that the
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information structure of an utterance is determined by its syntax. Following the American struc-
turalist approach, Pencev describes the intonation with the help of pitch levels. In his approach
to the relationship between information structure and intonation, he defines five pitch levels. He
introduces the pitch movement as follows: the unstressed final syllables of an utterance usually
end at the lowest level 1, level 2 corresponds to the non-focused elements, level 3 to the non-final
focus, level 3 or 4 to the final focus and level 4 or 5 to the emphatic focus. Pencev postulates ten
basic intonation contours for Bulgarian sentences, six neutral (depending on the focus position)
and four emphatic (regardless of the focus position). He distinguishes non-contrastive and contras-
tive accentuation, and defines the contrastive accent as emphatic accentuation, which he sees in
syntactic-semantic terms as the negation of the information provided in the previous context (Y, but
not X). The contrast can, but need not necessarily be signaled by a strengthening of the accented
syllable, prepared by a crescendo over the preceding syllable sequence. The strengthening of the
accented syllable is either the product of an increased f0 on the syllable itself or a decreased f0 on
the preceding content word, resulting, in either case, in a greater interval between the focused and
given parts of the utterance. It is only in these cases that de-accentuation occurs, which Pencev
calls ‘de-rhematisation’.

Miseva (1991) and Miseva and Nikov (1998) experimentally investigated the regularities
of f0) changes expressing phonetic prominence in terms of the traditional theme-rheme partition-
ing of the sentence. They conclude that the linguistically relevant phonetic characteristic of the
given material (theme) is simply the absence of accentual prominence, i.e. de-accentuation. New
material (rheme) shows the same intonational pattern in narrow and broad focus, but the accentual
contrast between the prominent and the surrounding syllables is greater in narrow than in broad
focus.

Within an autosegmental-metrical framework, Andreeva (2007) investigates a number of pho-
netic and phonological aspects of Contemporary Standard Bulgarian as spoken in Sofia, based on
a set of data which comprises both quasi-spontaneous speech (map-task recordings) and strictly
controlled read material. An inventory of pitch accents (L*, L*+H, L+H*, (!)H*, H+!H*/H+L*),
phrase accents (L- and H-) and boundary tones (L% and H%) is derived from the combined analysis
of both corpora and defined with respect to the various communicative functions we investigate.
The analysis of the data from the read corpus did not always show a regular relationship between the
focus structure and the intonational features of an utterance. In the broad focus condition, speakers
use H+!H*/H+L*! (a high tone in the pre-tonic syllable followed by a downstepped/low target point
in the accented syllable) or (!)H* (an early or middle, mostly downstepped, peak within the accented
syllable). The nuclear pitch accent H* is used for the majority of the non-contrastive narrow focus
cases. When the last lexical word is focused, the H* accent is ambiguous because the sentence can
also be interpreted as a broad focus sentence. Apart from a greater pitch range, speakers occasion-
ally use an L+H* accent to signal narrow focus and resolve the potential ambiguity, with a low tone
at the beginning or shortly before the onset of the accented syllable and a high tone at the end of
the accented or in the following syllable. In the contrastive focus condition, speakers show a clear
preference for L+H* pitch accent.

Contrary to the findings in Miseva (1991) and MisSeva and Nikov (1998) that ‘the FO pattern cor-
responding to the theme is of monotonic nature without any accentual contrasts’ (MiSeva and Nikov,
1998:282), Andreeva et al. (2001), Andreeva (2007) and Avgustinova and Andreeva (1999) report that
the underlying (phonological) pitch accent pattern for the given material is L*+H. Differences in the
particular phonetic realizations depend on the position of the given material in the intonation phrase.
When it is pre-nuclear, the underlying L*+H pattern is realized phonetically as a gliding (slow) f0 rise
from a low target within the accented syllable up to the next syllable (if there is enough syllabic mate-
rial), otherwise only within the syllable itself. When it is post-nuclear, the underlying pattern is not
realized phonetically.

All the studies on intonation and information structure mentioned in this section
restricted their analysis to fundamental frequency. Although very important — and some may say of

! Because the pitch accent is placed in the utterance-final position and is followed by the low boundary tones
L-L%, it is impossible to decide which accent can be regarded as the underlying pattern.
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prime importance — f0 is only one of several acoustic properties associated with the relative promi-
nence of words.

In this study, the question we address — mainly with reference to three of the four acoustic param-
eters mentioned in the introduction? — is whether Contemporary Standard Bulgarian distinguishes
prosodically between different types of focus: (a) non-contrastive and contrastive narrow focus and
(b) broad and narrow focus. Bearing in mind the literature on the prosodic realization of informa-
tion structure in different focus conditions and the fact that the focus domain may be larger than the
focused constituent and can affect the prosodic-acoustic realization of the whole sentence, the follow-
ing hypotheses are investigated:

. Speakers produce narrow focus with more acoustic prominence than broad focus; this is

reflected in the local cues.

+  The prominence of the pre-nuclear and post-nuclear interval is more suppressed in narrow

than in broad focus; this is reflected in the global cues.

. Speakers produce contrastive narrow focus with more acoustic prominence than non-

contrastive narrow focus; this is reflected in the local cues.

. The prominence of given information is more suppressed in narrow contrastive than in

narrow non-contrastive focus; this is reflected in the global cues.

3. Material and Methods

The Bulgarian data that were used in this study were taken from an existing speech corpus con-
sisting of read speech for several languages (Andreeva et al., 2014). The stimulus material consisted
of sentences, reflecting the canonical word order subject < verb < direct object < indirect object <
oblique. This increases the role of prosody as an information-structuring factor, allowing us to focus on
the acoustic correlates of different focus types. The sentences which were read aloud by our Bulgarian
informants are:

1. JOWUMO OAHEB ITIEJA ABE JELA.
Dimo Danev gleda dve detsa.
Dimo Danev looks after two children.
2. BATE CTE®AH B3E CEJEM KHUI'U.
Bate Stefan vze sedem knigi.
The elder brother Stefan has taken seven books.
3. WI'PAX HA JAMA BE3 KAKA TU.
Igrax na dama bez kaka ti.
1 played draughts without your older sister.
4. BATE MAHU T TbMHA BUPA.
Bate Mani pi tdmna bira.
The elder brother was drinking dark beer.
5. JVM JAHEB I15 TPU [TBTU.
Dim Daneyv pja tri pati.
Dim Danev has sung three times.
6. KAKA HUHA THPCU YEPEH XJISB.
Kaka Nina tarsi Ceren xljab.
The elder sister Nina is looking for dark bread.

The stimulus material was designed to investigate the acoustic realization of broad and two dif-
ferent types of narrow focus. Within narrow-focus realizations, we distinguished between non-contras-
tive and contrastive narrow focus. Appropriate questions were devised for each sentence to elicit the
different focus responses (see table 1).

2 Vowel quality differences (non-reduced vs. reduced vowels) are a feature of +/— stress at word level and are
not relevant in the differentiation of +/— accents. As reported briefly below, spectral analysis (F1-F3) showed
no significant differences as a function of accentuation.
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Table. 1. Questions used for eliciting utterances with broad and (non-contrastive and contrastive)
narrow focus

Question Focus condition

Kaxso craa?

(What happens?) broad focus

Koii Tepcu uepen xisa6?

(Who is looking for dark bread?) non-contr. early focus on CW1
KakBo Tbpcu kaka Huna?

(What is elder sister Nina looking for?) non-contr. late focus on CW2
Kaxka JluHa 11 THpCH yepeH Xist0?

(Is it elder sister Lina who is looking for dark bread?) contr. early focus on CW1
Kaka Huna 6sut x5116 111 Thpcu?

(Is it white bread that elder sister Nina is looking for?) contr. late focus on CW2

There were two critical words (CWs) in the sentence which could be realized with promi-
nence, one early (CW1) and one late in the sentence (CW2). These words are underlined in the
list of sentences above. The five focus conditions (differing in focus type and position) elicited by
different questions are: (a) a broad-focus response, (b) a response with a non-contrastive narrow
focus on the early and (c) on the late CW and (d) a contrastive focus on the early and (e) on the
late CW.

The sentences were read aloud from a PowerPoint presentation in response to pre-recorded ques-
tions. The sentences and the questions eliciting different focus responses were pseudo-randomized
and offered in six blocks, resulting in six repetitions of each sentence for each focus condition. If
the speakers were disfluent or failed to produce the correct words, they were asked to produce the
utterance again. The participants in the experiment were six regionally homogeneous speakers of
Contemporary Standard Bulgarian as spoken in Sofia (3 female, 3 male). All of them were born in
Sofia. At the time of the recordings, they were aged between 20 and 50 years and were students or
university staff. They were paid for their participation.

The stimulus material thus consists of 6 speakers x 6 sentences x 5 focus conditions x 6 repeti-
tions = 1,080 sentences. In this paper, we present analysis results for local measurements in the CW for
all sentence repetitions. We also present a more detailed analysis of the global prosodic patterns in the
entire sentence for the first three of the six available repetitions.

3.1. Recordings and Processing

All recordings were made in a sound-treated studio using an AKG C420I1IPP headset and a
Tascam DA-P1 DAT-recorder, and transferred digitally via the optical channel to a PC using the Kay
Elemetrics MultiSpeech speech signal processing program.

Segmentation, labeling with SAMPA and further processing were done using the Kiel
XASSP speech signal analysis package. Six labeling assistants, students majoring in phonetics
at the Saarbriicken Institute of Phonetics who had undergone extensive training in the labeling
tasks, were each allocated one of the six repetitions (a, b, c, d, e or f) of each sentence to maxi-
mize the labeling consistency across the focus conditions. They segmented and labeled all focus
conditions in all repetitions of the specific sentence at the phonemic, syllable and word level. Any
segmentation problems were resolved in regular discussions with the first author at group level. In
addition, 120 realizations of similar material were labeled by all six of the labeling assistants and
analyzed for labeler agreement with regard to label selection and boundary placement. The aver-
age agreement between labelers at phoneme level (label selection) reached 95.83%. The boundary
placement lay within 10 milliseconds in 84.38% of all cases, showing high consistency between
the labelers.
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Table 2. Local and global acoustic features used for the analysis

Local measurements

Global measurements

Duration
syllable duration
vowel duration

sb_dur — duration of the pre-nuclear interval

se_dur — duration of the post-nuclear interval
tempo pre-nuclear — sb_dur divided by the number
of syllables

tempo post-nuclear — se_dur divided by the number
of syllables

Fundamental Frequency

vowel f0) mean — mean f0) across the
syllable nucleus

relative peak alignment to syllable onset

/0 change — over 3 syllables (accented,
preceding and following)

H — f0 maximum

L — the minimum f0 value preceding the peak
Lpost — the minimum f0 value following the peak
excursion L-H — f0) excursion between L and H (in
semitones)

excursion H-Lpost — f0 excursion between H and
LPost (in semitones)

Energy

vowel intensity — mean intensity of the
stressed vowel

vowel SpecBalance — spectral balance
in the stressed vowel

sb_int — intensity of the pre-nuclear interval
se_int — intensity of the post-nuclear interval

Formants
F1,F2,F3

In addition to segmental labeling, the pitch accents were also labeled by the first author, with the
peak alignment of the L(ow) and H(igh) targets explicitly specified®. The positions of the f) maxima
and minima were double-checked by an automatic procedure for which the Praat pitch tracker was used.

Local and global acoustic measures were calculated using Praat scripts and operationalized as
described in the two following subsections. Table 2 summarizes all local and global acoustic features
used in the statistical analyses.

3.1.1. Local Measurements

Local measurements of duration, f0) and intensity were made in the CWs in all the sentences read
aloud by the informants.

(a) Duration. The duration of the CWs, the stressed syllable of the CWs and the vowel in the
stressed syllable was measured. Since all analyses were compared for different focus realizations
within the same sentence, it was possible to normalize all durational measurements as a percentage of
the mean duration of the corresponding unit in the sentence.

(b) Fundamental Frequency. f0 was calculated as the mean fundamental frequency [Hz] across
the syllable nucleus of the lexically stressed syllable of the CW. These values were also normalized
by expressing them as percentages of the mean overall f0) of the sentence. We consider this to be a
valid measure because, although the sentences include numerous consonants with consequent micro-
prosodic perturbations in the vowels following them, the balanced design of the corpus assures com-
parable effects across focus conditions. Differences between individual lexical items in this regard are
incorporated into the statistical model as a random effect.

3 The first author was aware of the condition of the production while labeling.
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Fig. 1. Labeling example (sentence 6, non-contrastive narrow focus on CW2, highlighted in grey).

In addition, a local ‘f0) change’ measure was derived, namely the sum of the (absolute) differences
between the average f0 of the focus syllable and the average f0 of the syllables preceding and follow-
ing it. This measure of f0), computed over three syllables, was chosen to investigate how f) changes in
the vicinity of the accented syllable might contribute to the differentiation of focus conditions.

As a measure of the peak alignment, the absolute temporal distance from the f0 peak to syllable
onset and rhyme onset were calculated. To compensate for the varying segmental durations on peak
alignment, these absolute measures were converted to relative measures, taken as a proportion of syl-
lable and rhyme durations.

(c) Energy. Energy was measured in two ways. First, as the mean intensity (dB) of the stressed
vowel in the CW. These intensity values were normalized by subtracting the mean of the sentence
intensity. Second, energy was measured as the spectral balance in the stressed vowel. This was com-
puted as the difference in energy between the 701,000 Hz and the 1,200-5,000 Hz frequency bands.

(d) Formants. The frequency values for formants 1-3 were measured in the middle of the syl-
labic nucleus in the lexically stressed syllable of CWs, calculating the LPC coefficients with the algo-
rithm by Burg in Praat using a window size of 0.025 sec and a maximum number of 5 formants.

3.1.2. Global Measurements

Global measurements of duration, speech rate, f0 and energy were made for the first three sen-
tence repetitions by each speaker in each condition (focus type x sentence).

(a) Tempo. Tempo was determined for a number of different units. First, the duration of each
sentence, the interval from the beginning of the sentence up to the onset of the focused syllable (abbre-
viated as sb) and the interval starting at the end of focused syllable up to the end of the sentence
(abbreviated as se) were measured. Since the number of syllables in the sentences varies, the tempo of
the whole sentence, and of sb and se was computed by dividing their duration by the number of syl-
lables in the corresponding interval.

(b) Fundamental Frequency. In addition to mean f0) and peak alignment (section 3.1.1), the mini-
mum f0 value preceding (L) and following the peak (Lpost) was measured, and the pitch excursion
between the preceding f) minimum and the peak (L-H) and between the peak and the following f0
minimum (H-Lpost) was computed (fig. 1).

The measurements were corrected for individual f0 differences by converting them to semitones
using the following formula:
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39.863 x log10 (maximum/minimum)

Mean f0 values for sb and se were also computed and normalized by converting them to percent-
ages of the sentence mean.

(c) Energy. The intensity of sb and se were also measured and normalized using the same proce-
dure as for the stressed vowels.

3.2. Statistical Analysis

We used R (R Core Team, 2012) and Ime4 (Bates et al., 2015) to perform a linear mixed effects
analysis of the relationship between the dependent variables and the fixed factor focus condition. As
random effects, we had random intercepts and slopes for speaker and item. Non-significant terms
were removed. Visual inspection of residual plots did not show any obvious violation of the normality
assumption or of homoscedasticity. We estimated p-values with the Satterthwaite approximation, with
the help of ImerTest (Kuznetsova et al., 2014).

4. Results

In Bulgarian broad focus sentences, content words are expected to be accented.
In our data, CW?2 is the last content word in sentences 3 and 5, while it is followed by
another content word in the remaining sentences. To determine whether the acoustic
realization of sentences in which only the object (CW2) carries a narrow focus differs
systematically from those in which the entire event is focused (broad focus), we ana-
lyze sentences 3 and 5 separately. 144 data points were analyzed for the local features
(6 speakers x 2 sentences x 2 focus conditions x 6 repetitions) and 72 for the global
features (6 speakers x 2 sentences x 2 focus conditions x 3 repetitions). To investigate
whether speakers prosodically differentiate non-contrastive and contrastive narrow
focus, we analyze all sentences, excluding the broad focus conditions. Sentences con-
taining an early focus (on CW1) are analyzed separately from those containing a late
focus (on CW2). Per CW 432 data points were analyzed for the local features (6 speak-
ers x 6 sentences x 2 focus conditions x 6 repetitions) and 216 data points for the global
features (6 speakers x 6 sentences x 2 focus conditions x 3 repetitions).

4.1. Broad versus Narrow Focus

The results from the statistical analysis are summarized in table 3. The reference
level in the models is the broad focus condition. Significance at the level p < 0.05 is
reported.

4.1.1. Local Cues

We first investigate the local acoustic correlates in terms of duration, f0 and inten-
sity in the nuclear syllable of CW2 (table 3a). The analysis reveals that in the narrow
focus condition, the syllable duration is significantly longer and the accentual peak
is aligned significantly later in relation to the syllable onset. Furthermore, speakers
systematically indicate narrow focus with a higher mean f0 and a greater amount of f0
change over three syllables (from the syllable preceding to the syllable following the
nuclear accented syllable). We find significantly higher values for vowel intensity and
spectral balance in the narrow focus condition (fig. 2). The focus condition shows no
significant effect on the first three formants, confirming observations that vowel qual-
ity differences are a function of word stress.
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Table 3. Summary of the linear mixed-effects models for each of the predicted parameters in broad
vs. narrow focus

Reference  Parameter Estimate Std. error  t value p value Sig.
level

Broad focus a) local acoustic correlates in CW2 (nuclearly accented)

condition syllable duration 10.866 1.520 7.150 0.001 Hkok
peak alignment 71.060 6.070 11.707 0.001 ok
vowel f0) mean 35.794 3.010 11.890 0.001 HoxE
vowel f0 diff 9.486 2.612 3.374 0.001 ok
vowel intensity 4.617 0.312 14.778 0.001 ok
vowel SpecBalance 2.993 0.549 5.452 0.001 oAk
b) global acoustic correlates in pre-nuclear and post-nuclear interval
excursion LH 3.681 0.566 6.501 0.001 Hokk
excursion HLpost 2.039 0.488 4.180 0.001 HoHE
tempo pre-nuclear (sb) —12.830 2.927 —4.384 0.001 HHE
intensity pre-nuclear (sb) -1.479 0.238 6.203 0.001 Hoxk
intensity post-nuclear (se) 1.535 0.343 —4.481 0.001 HoHE
¢) global acoustic correlates in CW1 (pre-nuclearly accented)
vowel duration —4.071 2.009 -2.027 0.05 *
syllable duration -3.987 0.916 —4.355 0.001 *okk
word duration —5.353 0.720 —7.436 0.001 ok
vowel f0) mean —2.688 0.911 -2.952 0.003 ok
vowel f0 change —6.962 0.741 -9.394 0.001 Hoxk
vowel intensity -1.132 0.136 -8.304 0.001 ok

The results from the statistical analysis provide evidence that speakers sys-
tematically differentiate between narrow and broad focus by producing the criti-
cal word in the narrow focus condition with more acoustic prominence. However,
the observed phonetic differences in f0, duration, intensity and peak alignment might
in principle reflect the use of different pitch accent types: H+!H*/H+L* for broad
and (L+)H* for narrow focus (see Andreeva, 2007). We shall discuss this in section
4.3.

4.1.2. Global Measurements

Considering non-local (global) effects, we also investigated the realization of
the pre-nuclear accented CW1 for broad vs. narrow focus differences (table 3b, c).
Although CW1 is not expected to be de-accented in narrow focus, and the pre-nuclear
pitch accents realized in broad and narrow focus conditions are expected to be identi-
cal (L*+H) (compare also Andreeva et al., 2001; Andreeva, 2007; Avgustinova and
Andreeva, 1999), we observe a difference in duration, pitch and intensity in the pre-
nuclear accented CW1, with a longer duration (for vowel, syllable and word), higher
mean f0 in the accented vowel, greater amount of f0 change and higher intensity
in broad than in narrow focus. Additionally, speakers produce narrow focus with
significantly larger pitch excursion (for both L-H and H-Lpost), lower tempo and
intensity in the pre-nuclear interval (sb) and higher intensity in the post-nuclear inter-
val (se). This indicates that speakers suppressed the prominence of the pre-nuclear
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Fig. 2. Normalized values for mean fundamental frequency, peak alignment, mean intensity and spec-
tral balance, broken down by speaker.

interval (including the pre-nuclear accented word) in the narrow focus condition,
with the result that the utterances realized under narrow focus exhibit an increase in
prominence-lending cues from pre-nuclear to nuclear accents (fig. 3). In other words,
the phonetic effects triggered by focus should also be seen in relation to pre-nuclear
accents. This finding is in line with those obtained by Calhoun (2006), Breen et al.
(2010) and Katz and Selkirk (2011), among others. The fact that the intensity in the
post-nuclear interval is higher in narrow focus than in broad focus seems to contra-
dict the hypothesis that the prominence of post-nuclear material is more suppressed
in narrow than in broad focus and that this is reflected in the global acoustic cues.
This outcome is explained by the presence of final vowel devoicing in Bulgarian
reported by Andreeva and Koreman (2008). The authors found that towards the end
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Fig. 3. Normalized values for f0 excursion H-Lpost and L-H in semitones, and intensity in the pre-
nuclear interval, broken down by speaker.

of the utterance, the peak scaling and alignment exert a strong influence on the vowel
realization, since earlier and lower peaks tend to allow for more extensive vowel
devoicing than later and higher peaks.

4.2. Contrastive versus Non-Contrastive Focus

The results from the statistical analysis are summarized in table 4. The reference
level in the models is the narrow contrastive focus condition. Significance at the level
p <0.05 is reported.

4.2.1. Local Measurements

The statistical analysis indicates that in terms of local acoustic parameters in the
nuclear-accented syllable, speakers do not systematically differentiate between con-
trastive and non-contrastive focus condition in the late sentence position. When the
focus is realized on CW1, speakers do not use f0) and intensity to discriminate between
non-contrastive and contrastive focus, but they produce systematically longer vowel,
syllable and word durations in the contrastive focus condition (table 4a).
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Table 4. Summary of the linear mixed-effects models for each of the predicted parameters for con-
trastive vs. non-contrastive focus

Reference Parameter Estimate Std. error t value p value Sig.

level

Narrow a) local acoustic correlates in CW1 (nuclearly accented)

contrastive vowel duration —4.613 1.303 -3.539 0.001 HoHE

focus condition syllable duration -5.113 1.812 -2.822 0.005 H
word duration —4.769 1.527 -3.122 0.003 wox

b) global acoustic correlates in CW1 (pre-nuclearly accented)
vowel f0 diff 1.342 0.649 2.070 0.04 *

4.2.2. Global Measurements

No systematic differences were found between the global measurements for con-
trastive vs. non-contrastive focus when the focus is realized early in the sentence, i.c.,
on CW1. The statistical analysis indicates that when the focus is realized /afe in the
sentence, i.e., on CW2, the f0 change on CW1 is greater in the non-contrastive focus
condition (table 4b). While CW2 in the two focus conditions is realized identically
in both focus conditions (see section 4.2.1), reduction of the prosodic prominence of
CW!1 in contrastive utterances makes CW2 more prominent. These results suggest that
a clear difference between the two focus conditions emerges, if the phonetic realization
of the pre-nuclear accent is taken into account.

4.3. Speaker Variation in the Phonological Choice of the Pitch Accent Type

The statistical analyses of the local prosodic cues in section 4.1.1 and section 4.2.1,
reveal that the speakers differentiate systematically between the different focus condi-
tions. They use longer duration and higher pitch and intensity in the narrow-focused
word compared to the corresponding word in the broad focus condition, and longer
duration in the contrastive focus condition compared to the non-contrastive when the
focused word is early in the sentence. But it is important to ascertain whether these dif-
ferences are the result of gradient prosodic processes or the selection of categorically
different pitch accent types for focus marking. This section will, therefore, examine the
pitch accent types used across all conditions.

In our data, narrow focus is mostly realized with H* pitch accents. When the focus
is realized on CW1, the H target is reached close to the end of the accented syllable in
57%, in the middle of the accented syllable in 23% and close to the beginning of the
accented syllable in 20% of the cases. When the focus is realized on CW2, the H tar-
get is reached close to the beginning of the accented syllable in 75%, in the middle of
the accented syllable in 21% and close to the end of the accented syllable in 4% of the
cases (fig. 4). Speakers also use L*+()H, L+H*, H+!H*, H+L* and in very few cases
L* (4 times) and 'H* (3 times). Note that the use of H+!'H*, H+L*, L*+H and L* in the
narrow focus condition is not described by Andreeva et al. (2001) and Andreeva (2007);
their use here requires further investigation of possible pragmatic meanings.

In the broad focus condition, we consistently find a H+!H* or H+L* accent with
early peak alignment on the pre-tonic syllable. With respect to the narrow focus condi-
tion, speakers vary as to their preferred choice of phonologically specified accent types
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Fig. 4. Test sentence produced by female speaker 1 in non-contrastive narrow focus on CW1 (left)
and on CW?2 (right). Both CWs are highlighted in grey.
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Fig. 5. Test sentence produced by male speaker 5 in non-contrastive narrow focus on CW1 (left) and
on CW?2 (right). Both CWs are highlighted in grey.

and their phonetic realization. They seem to be insensitive to the focus type and make
the same phonological choice for contrastive and non-contrastive focus. SP6 exclu-
sively uses H+!H* or H+L*, regardless of the position within the sentence (CW1 or
CW2). SP5 has a strong preference for (downstepped) rising nuclear accents (L*+(!)
H), again regardless of the position within the sentence (fig. 5). SP4 uses L+H* on
CWI1 and H* on CW2. Speakers 1, 2 and 3 use H*, regardless of the position within
the sentence. The percentage of the pitch accent types used in the different focus condi-
tions is summarized in table 5.
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Table 5. Pitch accent types distribution per focus condition

Focus type Accent type

H+!H* H+L* H* L+(HH* L*+()H L=
CW?2 broad 62.5 375 - - - -
CW?2 non-contrastive 4.6 15.7 63.9 0.5 13.4 1.9
CW?2 contrastive 7.9 14.4 59.7 2.8 13.4 1.9
CWI1 non-contrastive 13.4 — 53.7 15.3 17.6 -
CWI1 contrastive 17.2 0.5 50.7 14.4 17.2 -

Additionally, we examined the realizations of CW1 when the focus is late in the
sentence, i.e., on CW2. It turns out that in all three focus conditions (contrastive, non-
contrastive and broad), the stressed syllable of CW1 bears a pitch accent L*+H, where
the L tone is aligned within the accented syllable and the trailing H tone is aligned
in the first post-tonic syllable or slightly after it. This accent type is described as the
default pitch accent in pre-nuclear position (Andreeva, 2007), but L* and L+H* were
also observed. When the nuclear accent is placed on CW1, i.e., when narrow focus
occurs early in a sentence, all following words are de-accented.

The analyses reported in this section support the assumption made in section 4.1.1,
to some extend namely that the differences in the analyzed local acoustic cues in the
broad and narrow focus condition reflect the use of different pitch accent types. In the
case of narrow contrastive and non-contrastive focus, we found that even when speak-
ers differ in their choice of accent types, the number of different accent types in the two
focus conditions is the same. We therefore feel justified in claiming that, in the contras-
tive and non-contrastive conditions, we observe the phonetic variation of phonological
categories. Speakers boost the accent type with longer durations, to signal the contrast.

5. Discussion and Conclusions

In this study, we explored the prosodic realizations of information structure cat-
egories in Bulgarian declarative sentences, drawing particular attention to the spe-
cific contribution of global and local cues. The main question we asked is whether
Contemporary Standard Bulgarian distinguishes prosodically between: (a) broad and
narrow focus, and (b) non-contrastive and contrastive narrow focus.

With regard to the difference between broad focus and narrow focus on CW2,
it was found that narrow-focused syllables in CW2 were consistently realized with a
longer duration, later peak alignment (but still early in the syllable), greater mean f0
and greater pitch change (including the previous and next syllable), higher intensity
and spectral balance than syllables with broad focus. This finding is not surprising,
since all the subjects but one used different pitch accent types to signal narrow vs.
broad focus: predominantly H* vs. H+!H*/H+L*. These results generally support our
first hypothesis that speakers produce narrow focus with more acoustic prominence
than broad focus, and that this is reflected in the local cues. To be clear, the local
cues for this comparison turn out to be the different pitch accent types and their cor-
responding acoustic parameters. Our second hypothesis was that the prominence of
the pre-nuclear (sb) and post-nuclear (se) intervals (i.e., non-local properties) is more
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suppressed in narrow focus than in broad focus, because that is where the ‘given’ infor-
mation is provided and this should be reflected in the strength of the global cues. In
agreement with the results from previous research (Andreeva et al., 2001; Andreeva,
2007; Avgustinova and Andreeva, 1999), no phonological de-accentuation of the pre-
nuclear CW1 was found when the narrow focus was on CW2. Broad and narrow
focus conditions were not distinguished by the accent type realized on CW1. The
default pre-nuclear L*+H was used for both. However, the non-focused, pre-nuclear
interval in the narrow focus condition differs from the focused, pre-nuclear inter-
val in the broad focus condition in terms of global acoustic properties. In responses
with broad focus, the pitch excursion between the pre-nuclear interval (L-H) and the
focused syllable is lower, which reflects the use of different pitch accent types, and
the pre-nuclear interval has a lower speaking rate and higher intensity than responses
with narrow focus on CW2. Equivalent differences are also found in the pre-nuclear
CWI1 accented vowel itself. Speakers consistently produce this vowel in the broad
focus condition with a higher f0 mean value and higher f0 change, longer duration
and higher intensity. In other words, speakers seem to employ both local cues for the
nuclear accented CW2 and dispersed (global) cues in the pre-nuclear accented inter-
val, including CW1 in a way that boosts the prosodic prominence on the later narrow
focus nuclear accented syllable. The pitch excursion between the accented syllable
and the post-nuclear interval (H-Lpost) is smaller in the broad focus condition. The
interval following the nuclear accent has a higher intensity in responses with broad
focus than in responses with narrow focus on CW2. This finding does not support our
hypothesis, but it is consistent with the observed relationship between post-nuclear
vowel devoicing and pitch accent type in Bulgarian (Andreeva and Koreman, 2008).
Towards the end of the utterance, earlier and lower peaks tend to allow for a stronger
vowel devoicing since the transglottal pressure has dropped so low by the time the
coda is reached that vocal fold vibration can no longer be sustained.

With regard to our third hypothesis that speakers produce contrastive narrow focus
with more acoustic prominence than non-contrastive narrow focus in terms of local
acoustic parameters, we observed that only when focus occurs early in the utterance,
i.e., on CW1, was contrastive focus marked more prominently than non-contrastive
focus, namely by longer vowel, syllable and word durations. Since our analysis in sec-
tion 4.3 showed that speakers use similar proportions of different accent types in both
focus conditions, this indicates phonetic variation of phonological categories being
used to reinforce the contrastive condition. This is not true for focus on CW2, where no
such differences were observed. This result partially confirms our third hypothesis. Our
results also partially support our last hypothesis, namely that the prominence of given
information is suppressed more in narrow contrastive than in narrow non-contrastive
focus, and that this is reflected in the global cues. When CW1 is focused, all content
words in the post-nuclear interval are de-accented and no systematic differences are
found between the global measurements for contrastive vs. non-contrastive focus. But
when the focus is realized late in the sentence, i.e., on CW2, f0) change, reflecting the
realization of the pre-nuclear accent L*+H on CW1, is greater in the non-contrastive
focus condition. We can conclude that the difference between contrastive and non-con-
trastive focus condition is realized by local and global cues in a mutually compensatory
way, as a function of focus position: by longer duration of the focus word when focus is
early in the sentence, or by a decrease of the prominence in the pre-nuclear interval when
focus is late in the sentence. Our results replicate our previous findings and relativizes
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Pencev’s (1980) general claim about the necessary de-accentuation of the given mate-
rial in Bulgarian utterances with contrastive focus. The greater duration found in our
data and the enhanced tonal contrast between the nuclear prominence of CW2 and the
pre-nuclear prominence of CW1 may be seen as a covariant of the greater pitch range
for contrastive-focused syllables reported by Pencev. Our results are, however, not
consistent with the findings for another Slavonic language, Russian (Mehlhorn, 2002;
Meyer and Mleinek, 2008), where the contrastive-focused elements are higher and have
a different accent type (L+H* compared to (!)H* for the non-contrastive focus).

The findings in our study are in line with the results reported by Baumann et al.
(2006, 2007) for German and to some extent with the results of Breen et al. (2010)
for English. Breen at al. (2010) obtained their results within an analysis framework
known in the literature as a direct-relationship approach between acoustics and mean-
ing (Cooper et al., 1985; Fry, 1955; Lieberman, 1960; Xu and Xu, 2005). However,
they pointed out that these results are also consistent with the assumption of mediating
phonological categories (pitch accents), as in the intonational phonology framework
which underlies this study. Under this assumption, and on the basis of their results, they
suggest principles for mapping acoustics to meaning: Focused constituents receive a
pitch accent. In narrow focused SVO sentences with focus on the object, there will be
only one accent, namely on the narrow-focused word, that leads to higher values of the
acoustic measures on the object compared to constituents in the pre-nuclear interval.
In the broad focus condition, each of the focused constituents (subject, verb, object)
receives an accent, resulting in more similar acoustic measures on the nuclear and pre-
nuclear accented constituents. The different accent patterns in the production of broad
and narrow focus would support the successful recognition of the two focus conditions.
In our data, the two conditions are not distinguished by accent placement, but rather in
the choice of nuclear accent type and in the acoustic values of the same accent type in
the pre-nuclear interval. But the difference between the nuclear and pre-nuclear inter-
vals follows the pattern postulated by Breen and colleagues: they decrease in the broad
focus condition and increase in the narrow focus condition.

With regard to accent placement, it has to be said that evidence from other lan-
guages also suggests that given information does not necessarily have to be de-accented
(for a cross-linguistic investigation on de-accenting and re-accenting, see Cruttenden,
2006; for German: Baumann et al., 2007, 2015; and Féry und Kiigler, 2008; for English:
Calhoun, 2010; for Romanian: Ladd, 2008; and Manolescu et al., 2009; for Spanish:
Hualde, 2002; among many others). For a language-independent theory of acoustics-
to-focus-meaning mapping, accentuation vs. de-accentuation would be insufficient. It
would be necessary, as Baumann et al. (2015) stress, to differentiate prosodic promi-
nence more finely on the basis of different accent positions and accent types to achieve
a satisfactory (de-)coding of the information status of a constituent.

To conclude, the all-important function of intonation, namely to transmit the rela-
tive weighting of information in speech communication, cannot be captured by a purely
phonological description of realized accent types or by analyzing only the phonetic
implementation of f0, particularly when the analysis is restricted to the nuclear accents.
Crucially, the information-structure-related patterns of phonetic prominence which are
revealed in this study show a complex interplay between phonological categories and
multiple local and global phonetic signal properties.

The present study replicates and extends previous research on Contemporary
Standard Bulgarian. It shows that not only f0, but also other prosodic cues play an
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important role in distinguishing different focus types. Clearly, these cues are not
restricted to the syllable which carries the focus; more global characteristics are impor-
tant cues for signaling the information structure.

This is in itself not a completely new insight, although its central importance to
the functioning of prosody in speech communication is rarely highlighted to the extent
it is here. But it also offers an explanation for the apparently contradictory results that
are found in the literature, some cases of which have found mention in the discussions
above. A difference in one study between broad and narrow focus, or between contras-
tive and non-contrastive focus, found in a ‘local’ f0 analysis of the nuclear accents,
can no longer be branded as contradictory to another study which found no difference
unless the lack of difference extends to all the potentially — local and global — differ-
entiating parameters in the complete intonation phrase. This has certainly not been the
case in the majority of earlier studies we have discussed.

One important caveat in this conclusion must be that differences must be shown to
be perceptually relevant. The present study has not included perceptual investigation of
the parameters analyzed, and while the degrees of difference reported are known to be
perceptible in terms of discrimination, there is clearly a need to pursue the question of
functional perceptibility within the information structure context.
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