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Abstract

This paper presents a few findings concerning tidear melody based on the analysis of
the recordings contained in The Polish Intonatiddatabase Polnt. In its first sections, it

provides a short description of the collection inestion, mentions certain common

problems connected with intonation labeling as veall outlines the relevant theoretical

background. Then it focuses on selected relatietsden the category of a given utterance
as well as the discourse function it realizes &hduclear intonation.

1. The Polish Intonational Database Polnt

All the analyses presented in this paper were basethe study material contained in the
Polish Intonational Database Polnt (conf. [Kaghi & Klesta 2001]; [Karphski 2002a]; [Karpiski,
2002b]), which is based on a corpus of contempolartish spoken by educated native users of the
language. The database includes nearly 1200 sampfesto four intonational phrases each,
representing both (quasi)spontaneous and read tspeakized by male and female speakers, which
were obtained with the aid of previously develompecial monolog and dialog tasks as well as
written texts taken from contemporary Polish litera. Each of the signals can be played in itsrahtu
form or in a version containing the “hum” ofAlyand is accompanied by a spectrogram, an intonggra
as well as orthographic and phonological transomgt (IPA). The intonational and pragmalinguistic
annotations available for each of the speech samplduded in the database along with a user-
friendly graphical interface and an effective sharg device the application is equipped with make i
to be a useful source of data for research in thmaih of prosody and pragmatics as well as a
practical aid in the area of teaching phoneticanotogy or even Polish as a foreign language. The
annotated phrases can also be used as refereneeamat the construction of advanced speech
synthesis systems, or form the basis for the patijpar of test material utilized in the process of
testing speech recognition systems, especiallyethwking use of prosodic features for the purpése o
signal interpretation.

2. The problems of intonation labeling

Fox [2000] remarks that “intonation has always bperceived as a problem” in the area of
prosody research. As Cutler and Ladd [1983] poutt the two main traditions in this domain, viz.
acoustic-phonetic and linguistic-phonological, ior,other words, bottom-up and top-down, did not
notice each other for a long time, and even tod@ydap between the phonetic and the linguistic
studies of intonational phenomena remains quitestankial. The evidence of discrepancies between

' The word “hum” is a commonly used term relatingthe fundamental melody extracted from an original
speech sample.



these two approaches (and their intermediate uajiaman be found in the symbolic representation
systems for prosodic phenomena. The number of gyobeling systems reflects the complexity of
this issue. Not only a particular theoretical apgiomay give birth to another labeling procedurg an
a new set of symbols, but also very practical nemadg call for a special, modified or entirely new
labeling system. All the same, there are many commpitzenomena that must be considered and
described by each “serious” theory of intonation.

One of the essential questions is whether intonaten be studied in separation, or, more
precisely, whether it functions as an independsstesn, not related to the remaining prosodic
properties of the speech signal. Consequently,nis allowed to study intonation, neglecting, for
example, the rhythmic structure? According to otespnt knowledge, isolating intonation is only
acceptable in a limited range of applications, w/elerywhere else it has to be analyzed along with
other factors such as voice quality and volumeamepf speech (e.g., [Wennerstrom 2001:46]).

Another crucial aspect of intonation studies is theice of the basic analysis unit and its
relation to the linear structure of the utteraridest researchers agree that spoken utterancesstonsi
of intonational units, termed “intonational phrdses “intonational groups” (see: [Cruttenden
1994:35] for other terms and relevant discussidfthough on many occasions, especially in well-
formed utterances, these units tend to correspmiod be aligned with syntactic phrases or somerothe
formally distinguishable portions of text, in spanéous speech this nearly one-to-one correspondence
may be heavily disturbed.

Still another important issue is the difference wmestn “perceived”, “produced”, and
“objectively measured” intonation. One can expdwtt as it is the case with some of the other
language subsystems, there is no one-to-one majpeitvgeen the “conceived” (planned), produced
and perceived intonational contour. This can bemgified by the problem of phrase boundary
perception, which was frequently faced by the augthad this article during the labeling procedure
within the Point Database project. Different untimding of a given passage sometimes led the
judges to hearing the phrasal boundary in diffeneogitions. Another example is related to the
syllables pronounced in a creaky voice or even \tith devoicing, which were still perceived as
having an identifiable pitch height. Since mosttnmsiental analyses are only partially relevant to
human perception, it is, however, highly recomméitel#o take advantage of the help of experienced
annotators, rather than rely on “linguistic” judgmebased solely on instrumental analyses.

Since the list of questions related to intonatidabkling is very long, we have to concentrate
on those of the highest practical importance. éinse that the choice of the description level amd th
decision concerning the basis of the labeling sysaee the issues which each student of intonation
has to address before undertaking any serious work.

2.1 Levels of description

Linguistic studies of prosody have led to a widecdssion on the levels of annotation. While
acoustic-phonetic research may be focused solelyhenacoustic level, i.e. the signal itself, the
linguistic perspective on intonation has enforceshae top-down oriented approach to prosody as
being processed in the language comprehension racidigiion processes along with other linguistic
information. With the advent of pragmalinguistiewis on prosody, a need arose for a system that
would depict its role in language and its contiibitto the meaning. It became clear that one could
study intonation on a number of different “levelsdnging from a very technical analysis of the
speech signal acoustic properties to relativelytrabs pragmatic concepts (like “speech acts” or
“discourse topics”), as they relate to intonatioreveryday language usage.

One can easily realize that the two abovementidieetteme” approaches to the study of
intonation are nowadays avoided and most researahake attempts at finding a “middle way”.
Purely physical-acoustic approach is quite limitbdcause it is well known that humans process
speech signal in a specific way, different from wagys they process other sounds. On the other hand,
an extreme “top-down” approach could turn out todbdittle use and may be hard to base on
experimental data. Consequently, the studentsasfooly are free to operate on a number of different
analysis levels, somewhere between instrumentakunements and “armchair” theories, provided

2 At Prosody 2004 in Nara, P. Mertens presented s@ftware that is able to label segmented text aatiaily
on the phonetic-perceptive level [Mertens 2004yvds not available in the course of our project.



they are explicit about the level they use. Althodle instrumental measurements and statistically-
motivated data processing are claimed to be “objttthe status of this “objectivity” can be egsil
undermined by the fact that the algorithms used (@garded as “objective”) are mostly meant to
create images or numeric representations of sigrgglerties that are meant to meet our intuitional
expectations. One must be fully aware that they @nbduce interpretations of the signal — very
clear-cut and coherent ones but still not necdgsabjective” in a very wide sense. With a more
“subjective” approach, however, new doubts come idnsideration. One presupposes that there
should exist a phonological-intonational system -+ edlement of the language system — and
phonological-intonational competence that enabhadns to encode and decode intonational meaning.
On the other hand, in the light of our present kieolge on spontaneous speech, this system should be
extremely flexible, both for speech production gedception. There is virtually an unlimited number
of possible intonational contours for, for examm@estatement. Even if one decides to choose a finer
category, like for example “a sad statement” osta@ement full of confidence”, there are still many
ways to intonationally express the qualities in sfiom. One should also take the account of the
speaker’s and listener's meaning in this conte@e(jova xxxx]; see also the critique of Stevenson’s
theory by Grice). These and other facts lead tattempts at finding a precise place for intonation
the system of language. It is therefore extremeaipdrtant to define at which level our analysis
operates, though even this may prove to be quitk ha

Hirst et al [2000] as well as Jassem [2002] offeacand detailed discussions of the levels of
analysis and description. Jassem proposes thevintiofour levels, differing from those suggested by
Hirst et alin minor details only:
Level 1: Pitch extraction gras a function of time)
Level 2: Smoothing the pitch curve and normalizatg to abstract from personal variability
Level 3: Perceptual-phonetic level
Level 4: Phonological level

Although Jassem optimistically predicted that safevfor converting the annotational data
between different levels would be shortly availabhere are still numerous questions to answertabou
the details of level-conversion. As for today’ststaf art, it is still impossible to label intonati on
the phonological level fully automatically. Humandges remain a must, but we still need more
precisely defined methodology, because the degfeagmeement among judges is usually not
satisfactory. Another daunting possibility is tloatr image of the place and function of intonation i
the language system is still quite distorted.

2.2 Levels and directions

The character of intonation perception and itsefbn in the method of prosodic labeling has
been one of widely discussed issues in the fieloro$ody research. The main controversy in question
is referred to as “levels vs. contours” [Cruttend®94] or “levels vs. configurations” [Fox 2000]sA
Cruttenden [ibidem] points out, the level-basedrapgph can be attributed mostly to the American
tradition and the focus on intonational contourgyjsical of the “British School”. While it can be
argued that both these approaches are roughlyipisely equivalent [Fox, ibidem], it may be
important to judge their “theoretical efficiencyOne easily notices that the list of benefits and
drawbacks is almost equally long for both approadheguestion. In the case of level-based analysis,
one needs to decide almost arbitrarily on the nurolbdevels (see: [Bolinger 1951]) and assigning
phonetically labeled contours to phonological catexy may be harder, while with contour-based
analysis, it can be easier to group labels integmies, but there is the risk of overlooking derta
nuances of intonational meaning by, for examplglewting the depth of falls or rises. T'Hart and hi
colleagues [1990] reasonably emphasize the pemgepignificance of pitch movements, overtly
claiming that there are no “levels”. Still, it ischnically convenient for many purposes to use the
symbols of levels, even if in fact the descriptienfocused on contours. A widely known and
commonly applied system that originates from Plaursbert’'s [1980] seminal work uses only two
levels as a sort of binary opposition. The occuresnof “intermediate levels” are regarded as result
of certain phonetic phenomena (downstep, declinptdmd classified as phonologically irrelevant. In
this way, one of the main problems with level-baapdroach is eliminated: There is no obligation to
declare any fixed number of levels. One should alsi® that with any higher number of levels, the



guestion about the categorical perception of irfonaarises, and it occurs surprisingly hard to be
unequivocally answered [Post 2000: chapter 7].

3. Nuclear melody labeling in Polnt

The procedure of intonational labeling has beeistltrdefined and consequently employed
for the entire material contained in the Point edilon. While this is not enough to ensure
“objectivity”, the authors do hope that a relativdligh level of coherence in annotation may be
achieved by such means.

3.1 System

There is a rather limited choice of intonation lakge systems dedicated to the Polish
language. All of those known to the authors of pgriesent text are focused on the theoretically
important issue of representing the intonationaraitogical system. However, they do not offer
much in terms of practical advice for the labeléraying much space between the signal itself had t
abstract labels depicting the meaningful aspectshefintonational contours. The comprehensive
theory of intonemes proposed by Steffen-Batogov@®6] is a very clear example of this approach,
but a similar statement may well refer to Borkowskand Skorek’s work [2002]. Impressive and
practical methods of intonation labeling (e.g. makiscore) are used by Gubrynowicz and his
collaborators for pathological speech [GubrynowR202]. Majority of Demenko’s works (e.g.
[1999]) are usually focused on the technologicakats of prosody annotation. However, in order to
selectively label a large portion of read and saoeobus texts, the Polnt team needed a flexible,
extensible system, easy-to-use and focused omutw important aspects of speech melody (i.e.
“focal elements” of utterances).

Several factors led to the application of Jassesystem. While it was initially intended solely
for well-formed utterances, it proved to be easiyensible and modifiable so that it could encorapas
more phenomena. It offered the option of focusingte nuclear melody itself and the phonological
level of description. Providing a basis for theomdtional-phonological system, it did not exclude
adding new units to the system. Moreover, the autt@med that the system was still open to
modifications, and the labeled material provideslag to finding new support for his claims. Another
factor was the role attributed by Jassem to thetigeof annotation, which remained in accord with
the approach of the entire team.

According to Jassem’s suggestions [2002 as walhdger oral communication], the following
system was applied. Initially, five relative pitbbights were defined:

e extra low (xL);
e low (L);

* middle (M);

* high (H);

e extra high (xH).

A typical label consisted of two tone symbols, wilke first one referring to the tone of the
nuclear syllable and the second to the tone ofpib&t-nuclear one (e.g., HL, LxL). The nuclear
syllable usually occurs in the penultimate positionPolish, but in monosyllables it obviously take
the final position, which means that labels coigjsbf one tone symbol only were also possible.(e.g
H, L).

Only a certain subset of all possible pitch movetsién phonologically relevant. Namely, the
following movements are “possible”:

e raising: LH, LM, MH, HxH

 falling: HL, HM, ML, LxL

» flat: MM (accent is realized by means of other atmufeatures such as duration or energy)
The inventory of tones for the nuclear syllable wase limited than for the post-nuclear one.

Since the system in its original form was meant “f@ell-formed” utterances only, it was
extended for the purposes of Polint labeling toaahhigher flexibility and cover certain phenomena
that occurred to be of importance during the precdslabeling. The extensions did not change the



pivotal ideas of the system though and should barded as optional. Extensions were proposed after
a preliminary analysis of the collected data.

Three types of level tones were marked: LL, MM &iid. Although the labelers could not
systematically attribute clear and different “me@s” to them, they declared to perceive them as
“different”. Further analysis of the PolInt data maypve that some of these labels are superfluous on
the phonological level, but neglecting them atwlgy beginning might have led to a loss of impartan
information. The same refers to the second extans®. adding an additional tone label for theaffin
syllable when the nuclear syllable occurred eathan in the penultimate position. (e.g. labelg lik
HM-L). The final extension to the original systerasvactually a move down to the acoustic-phonetic
level of annotation. In a substantial portion af inmalyzed material, the final parts of the sigielg.
the ultimate syllables of the intonational phrasesje produced in a way that made their “intonation
perception” impossible. That was mostly due to onemore of the following phenomena: Final
devoicing D), extremely low energy of the final segmers ¢reaky voice in the final segments)(
or strongly shrunk syllable realizatiol®)( The labelsD, E, C and S are obviously not directly
connected with the phonological or semi-phonolddmeel of analysis, which is why they were put in
square brackets.

3.2 The labeling procedure

Most labeling systems, with their specific thearatibackgrounds, call for the application of a
specific labeling procedure. However, as was maeptiobefore, explicit and detailed descriptions of
labeling procedures are not easy to find. One efetkceptions is the IVIE labeling system ([Grabe,
Post, Nolan 2001] as well as the materials avadlabl the IVIE website). Even though the authork cal
it “an extension to ToBI”, it seems to add a nevaldy that makes it more useful and flexible. The
IVIE system offers the phonetic level of transddpt Although the authors justify its presence lhy t
requirements of comparative studies, its meanimgnseto be even deeper as it creates a desirable
bridge between the pitch contour and the phonocébgievel of its representation. The labeling
procedure itself consists of clearly defined stpsling prominences, labeling relative heightsiod
nuclear syllable and its neighbors, labeling onghenological level). The labeling procedure used f
Point was based on that of IVIE, although it alstled some new elements. Each portion of
recordings was labeled by at least three judges.|dleling itself was preceded by discussion, team-
labeling of a number of examples as well as “irdlinal practice”. It involved the following stages:

Step 1: Dividing a portion of signal into intonatad phrases (IPs)

Even at that early stage, several serious problech th be addressed. First of all, an
implementable and clear definition of the intonaéib phrase had to be found. With a number of
definitions in hand, the team decided to rely anftillowing formulations: (a) an IP boundary may be
marked by a pause, but a pause itself cannot lzgded as an unequivocal marker of the boundary;
(b) rapidly falling energy of the speech signal nh@yregarded as a marker of the boundary; (c)yeasil
perceivable nuclear melody may mark the end ofRainlmany “neutral” phrases; (d) the rhythmic
structure of a signal may offer strong cues abloetglacement of the boundaries; (e) in many cases,
the acoustic cues are not sufficient to determiveeldoundary position; in such situations, syntactic
and semantic cues may prove to be helpful.

As mentioned above, the relations between the Udaries and the boundaries of “syntactic
components” in spontaneous texts are not very .c\Waiat holds mostly for “well-formed” phrases,
frequently fails in the analysis of spontaneousptnal speech. In certain situations, the judges
understood the same passage differently, whicHtegsin different phrasing and different perception
of the nuclear syllable location. This may be cdestd as evidence of the weight of top-down
processing in “human” labeling, although, on thkeothand, one could also assume that it simply
resulted from a difference at the “bottom end” loé fperception procedure (i.e. possibly different
perception of the signal at the early acousticejtag

When speech is well-formed grammatically, it is enoprobable to be well-formed
phonetically, too. Therefore, the cases where thegee no significant acoustic cues for phrasal
boundaries were usually extremely hard to judgeabse they — as a rule — lacked grammatical
cues, too. Some stretches of speech were markadhfasished” phrases (*F). It took place when a




given stretch of speech lacked perceivable nucledody and the most perceivable cue to its end was
the beginning of the next intonational phrase.

Step 2: Finding nuclear syllables

Although the intonational structure of well-formedterances offers space for one nuclear
syllable only, in less controlled, spontaneous (appred) speech, a few candidates to play theofole
the nucleus can sometimes be found. Some authors #fat in most situations the informational
structure of an utterance is related to the distioim of pitch accents (e.g. [Selkirk 1995]), bag
mentioned before, the choice of the candidate neaguite subjective. It may strongly depend on the
contextual cues as well as the expectations digtener, rather than the signal itself.

During the labeling procedure, two basic situativese distinguished:

. The nuclear syllable occurs in its standard pasijtiee. on the penultimate syllable of the last
word in the IP (pre-penultimate in some words ofefgn origin and ultimate in stressed
monosyllables).

. The nuclear syllable is intentionally shifted todsithe beginning of the IP in order to mark
the focus, express an emotional attitude or foresother reasons.

In this step, acoustic measurements were not takenaccount. Three or four judges marked the

nuclear syllable independently and discussed thaices, making use of close listening.

Step 3: Labeling tones

The labelers were supposed to use the inventotygnafs and possible tonal configurations as
listed in 3.1. After the stage of common labelimgsons, they worked independently on the same
portions of signals and met to discuss their reslhe most important feature of the procedure was
the method of “close listening”. However, instrurt@rmeasurements, listening to a slowed-down
version of the signal as well as studying the giapgpresentations of intonational contours wese al
used as secondary tools. When “close listeningtpeced incoherent or unclear results, the judges
used Praat [Boersma and Wenink, ver. 3.8 and lateneate intonograms, spectrograms, as well as to
listen to selected segments (usually syllablespegch in isolation.

As mentioned earlier in this section, some segmehtbe analyzed signals could be hardly
labeled intonationally because of their acoustialitigs (devoicing, low energy, creaky voice, shla
shrinkage or a combination of these). If the latsedid not completely agree about the character of
the observed phenomenon, they used instrumentabci®to determine its nature.

4 Results

4.1 Database profile

As was mentioned before (cf. paragraph 1), the tHb&tabase includes about 1200 samples,
up to four intonational phrases each. Consequetidytotal number of labeled intonational phrases i
the collection reaches xxxx.

Most of the nuclear melodies were labeled with tawe symbols (more than 1600 cases),
almost 200 were marked with three symbols (wheeenticlear syllable position was different from
penultimate), and 134 labels consisting of one gymebol only were used (where the nuclear syllable
coincided with the final syllable in the phrase).

The phrases produced in the read texts were rdaimest uniformly — a vast majority of the
melodies were labeled with two tone symbols, whitky be due to the fact that the read speech was
well organized and generally free from hesitati®@ssides, the arbitrary choice of the texts obuious
imposed a way of realization, including the chatéocus.

Almost all of the melodies labeled with three t@yenbols in the read texts occurred in the
child rhyme ‘Entliczek...” (64 cases), probably agito a specific, relatively strong rhythm pattern
applied here by part of the speakers. As can be gethe figures presented below, the read texts
constitute the most numerous collection of samldl4 items) — in fact they account for the
majority of all the recordings in the databdskhe figures also show that the two-letter symbols

®In the Polnt Corpus, however, semi-spontaneouscpis prevalent. The choice of the signals fordhmbase
was intended, among other aims, to give the userofpportunity to compare textually (and contexgall
identical utterances realized by different spegkehsch (here) was only possible with read speech.



prevailed in all the three recording types, howetierpercentage of one- and three-letter symbo¢s wa
relatively higher for the spontaneous speech rat#dias than for the read ones.
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Figure 1. The number of one-, two- and three-symbol labdlsimvthe read texts, monologs
and dialogs.

4.2 Database inventory — pitch movement directions.

The labels applied by the material annotatorsifdth three main categories, viz. including
one-, two-, and three-symbol labels respectivety. &ach of these categories two subcategories are
distinguished.

One of the above subcategories includes the labklsng to the intonational phrases with a
distinct melodic structure, which enabled unequaodescription using a combination of the five
basic pitch level symbols: M, L, xL, H and xH. Thesulting pitch movements within the
abovementioned IPs can be thus classified as rifationg, flat, monosyllabic (for one-symbol labgl
or compound (for three-symbol labels). Even thoiigh possible to describe the compound melodies
using a combination of the three basic pitch mowgnygpes, viz. falling, rising and flat (for exarepl
an ML-H label could be translated into a fallinging melody), they are treated here collectively,
mainly because of their relatively small proportionthe analyzed material as well as considerable
within-group variation.

The other of the abovementioned subcategoriesdaslthe labels relating to the intonational
phrases whose melodic structure was hard to determihis was the case when an IP was
unfinished / distorted or when a relevant portioh tike signal was extremely low in energy,
completely devoiced, produced in a creaky voicestoongly shrunk. Reliable determination of the
pitch levels and the resultant pitch movementéiéndase of such phrases was virtually impossible.

As can be seen in the following table, the mosuently used melody patterns are, as could
have been predicted, the falling ones. It is, haweworth noticing that melodies incorporating a
creaky syllable rank as high as third with 363 omces altogether, which is why they have been
extracted from the relevant subcategory in thefalhg classification.



Number of

Annotation Category Melody Type O . Comments
. The pitch level of the final syllable in the IP tifistly
Monosyllabic 104 identifiable.
One-Symbol Labels Creaky 9 The final syllable in the IP produced in a creakyce.

The IP unfinished / distorted or the final syllabiehe

Other 21 IP devoiced / strongly shrunk / extremely low in
energy.

Falling 592

- The pitch levels of the two final syllables in tire
Rising 455 distinctly identifiable.
Two-Symbol Labels Flat 240

At least one of the two final syllables in the IP

Creaky 319 produced in a creaky voice.
The IP unfinished / distorted or at least one eftthio

Other 57 final syllables in the IP devoiced / strongly shtun
extremely low in energy.
The pitch levels of the three relevant syllablethia IP

Compound 132 | gistinctly identifiable.
At least one of the three relevant syllables inlthe
Three-Symbol Labels Creaky 35 produced in a creaky voice.

The IP unfinished / distorted or at least one efttiree

Other 11 relevant syllables in the IP devoiced / stronglsusk /

extremely low in energy.

Table 1.Point Database Inventory. Melody Types in the PDlaitabase

4.3 Male and female speakers — differences and simities.

Certain differences in the choice of melody typppliad by male and female speakers have
been observed. In general, men tend to use thadatielody patterns much more frequently than
women while the rising melody patterns appear tdabenore popular with females. It is, however,
much more remarkable that women seem to produakyrsounds nearly twice as often as male

speakers (cf. Fig 2 below).
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Figure 2. Melody types realized by male and female speakers

LxL (cf. Fig. 3 below).

Specific pitch movements applied by male and ferspkakers have also been studied. Even
though women most frequently utilize the LH movemevhile men prefer the ML and HL melodies,
four out of the five most frequently used pattegficd, MH, ML, HL) are identical for both sexes. The
second most common pitch movement produced by wphwmever, is that labeled as LC, while the
classification of the top five melodic patternslizsd by men is complemented with that marked as
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Figure 3. The five pitch movements most commonly producethls and female speakers.




4.4 Findings
441 Read textrealization variations

4.4.1.1 Entliczek Pentliczek

One of the tasks performed by the speakers paatioip in the realization of the Point
Database Project consisted in reading a populdastiPohild rhyme with a strong rhythmic pattern
entitled ,Entliczek Pentliczek” Three extracts from the rhyme were ultimatelysgmofor analysis
and placed in the final version of the Polnt Dasabalhe first two lines of the rhyme were selected
with a view to analyzing the phenomenon of nuclaacent shift in the case of rhythm-driven
prominence distribution, while the remaining twagments, consisting of one line each, were chosen
in order to investigate the relationship betweea #&motions expressed by the speakers and the
intonational patterns they apply. The first of #Himve two lines was a rhetorical question contginin
an element of irony or compassion (depending orréhéer’s text interpretation), and the other one
expressed strong protest accompanied by angeigain @epending on the speaker’s interpretation,
powerless opposition accompanied by tirednessam essignation.

4.4.1.2 Rhythmical well-formedness rules

Thirty percent of the intonational phrases conrbatéth the production of the first line:
“Entliczek pentliczek czerwony stoliczek” (Eng. “tiozek pentliczek, a little red table”), were
realized with the lexical stresses on the wordahgyllables. This accentuation position, so u@lsu
for the Polish language, can stem from the fadt ttihe beginning of the text in question is ofterdis
as a child counting-out rhyme, where the utteraridie first syllable in each of the words is styiyn
emphasized by the accompanying pointing at consecgtoup members. As all the words in the first
line are trisyllables, the stressed syllables is line become equally distant. It also appearsdbart
from repeating the same foot pattern ( / — — )roleo to maintain the metrical well-formedness & th
rhyme some of the speakers also strived for idahpipominence of all the stressed syllables, which
made it very difficult sometimes to reliably idegtthe IP nucleus.

It also happened at times that in the line: “Nozi8d robaczku. | gdzie twoj befsztyczek?”
(Eng. “You see little worm. Where is your beefstaawv?”), the stressed syllables in the words
relating to the given information items (Pobbaczkuand befsztyczek -Eng worm and beefstaek
were as prominent as the stressed syllables inwirels connected with the newly introduced
information items (Polwidzisz and gdzie —Eng see and wherg. Such productions strongly
undermine the validity of the nuclear accent theonivhich assume the presence of a single main
prominence per IP only, either in the default posi{i.e. on the last stressed syllable of thediPat a
location shifted towards the beginning of the paraswhen it is necessary to put special emphasis on
a newly introduced item of information.

The question thus arises whether it is possibleeasonable, to identify intonational phrases
with their nuclear melodies where intonation i®sgly associated with the rhythm and the foot as a
rhythmic unit. Concentrating on the intonation ofadler units, i.e. on foot intonation, and ideniify
pitch accents and patterns only, rather than |l@pkon the nuclear syllables, seems to be much more
appropriate in such cases (either as proposeddsgeRumbert in her model [1980] or as Wennerstrom
[2001] suggests in the context of spontaneous bp@ealysis).

4.4.1.3 Nuclear melodies realized within a single spch act

Almost all of the speakers read the second linthefrhyme: ‘A na tym stoliczku czerwony
koszyczek(Eng. “And on this table [there is] a little red baskgtas a statement consisting of two
intonational phrases (only one reader realizedsitaasingle IP). The first of the abovementioned
IPs: 0 00 0 00 DD OO 0 OO0 0 D H0widhich constitutes the non-final part of the ratee, had a
nuclear melody rising to the level of H or xH in ¢&ses (43% of all the realizations under analysis)
and a flat melody (HH, MM or LL) in another 16 eas(36%). A falling nuclear pattern was only
observed in 6 productions of the IP in question§%3d, while of the remaining two, one incorporated

4 “Entliczek” and “pentliczek” are nonsense wordsilish.



a creak on the post-nuclear syllable and the otfasrrealized with a compound rising-falling melody.
The second of the IPs (the final part of the staetginwas, however, almost exclusively uttered \aith
nuclear fall to the level of L or xL or with a loflat nuclear melody LL. Domination of such patterns
was also observed in spontaneous speech (cf. ngpdala).

As has been partly confirmed by the above exanmipdenuclear melodies imposed on the non-
final IP of an utterance related to a given spemttseem to be much more diverse than those rdalize
on its final intonational phrase. This may resuinf the fact that the former are only responsible f
signaling that the utterance has not reached dg/et(which can apparently be done using a rafige o
different melodic patterns), while the latter areaial for the correct decoding of the speech yoe t
in question by the message recipient.

4.4.1.4 The meaning of differences within a singleuglear melody category

The line: "A ja ji nie mog, juz dosy, juz bastd (Eng. “And | can’t any more, I've had
enough, basty was always read as three separate intonatidwalses, and approximately a quarter of
all the speakers consistently imposed the samieadathelodic pattern on each of the IPs (e.g. HL +
HL + HL). As could have been predicted, falling odies generally dominated in the realizations of
the utterance under analysis, with rising pattecmounting for about 5% of the productions only (7
out of 129). Even though the former could be assigto a common category of nuclear falls (or
transitions from a higher to a lower level, usihg terminology of another theoretical approach), it
appears that the size of the fall (or, in other dgorthe distance between the starting and the
terminating pitch level) as well as the rate of &eve change (the time needed to cover the dstanc
are also significant. In terms of emotions andtuadgs, the HL melody in our example seemed to
emphasize the expression of strong protest, whéd_t. or LxL melodies were rather associated with
an overtone of tiredness or resignation. A raphgition between the pitch levels of the nucleus an
the subsequent syllable, resulting from a genefaliyer pace of speech within the realization ef th
utterance concerned, contributed, in turn, to theréssion of stronger impatience and desperate
willingness to change the current situation.

Surprising as it may seem, melodies with a grgateh level span, which were identified with
a stronger intensity of emotions in our examplerevmuch more frequently applied by men, who
made use of the HL melody approximately twice dsrohs women. The realizations of the latter, in
turn, included twice as many examples of the LLL land LC melodies as those of the former, with
the ML and MC nuclear melodies accounting for ab@@fo of all productions in the case of both
sexes (cf. Fig. 4). Therefore, male speakers sedmave made use of a wider pitch range to express
their emotions here than women, who mostly utilizedy the bottom areas of their fundamental
frequency, although it has been observed that wtiemal spontaneous speech women tend to use the
LH nuclear melody much more frequently than menp yhefer rising melodies of a smaller pitch
span in such situations.

60%
50% +1 1
40% -+ mmales
30% +
20% -+ lfemales
10% +-

0% , ,

HL ML L(X)L other
(HC) (MC) (LC)

NUCLEAR MELODY

PERCENTAGE
OF PHRASES

Figure 4. The proportion of IPs with individual nuclear mejogatterns in the productions of the
rhyme line: “a ja ji& nie mog, juz dosy, juz basta” by both genders.



4.4.1.5 Nuclear melody in questions containing inteogatives

The aim of this part of the study was to find outether Polish speakers exhibit a strong
tendency to realize questions containing an ing@tive word with a single dominant nuclear melody
type — with a fall, as it is the case in Frenchitguese and many other European languages, with a
rise, which is predominantly applied in some Afridanguages such as for example Telugu, or with a
fall-dominated fall-rise nuclear melody type, commyimposed on interrogative word questions of
such languages as Norwegian or German [cf. Cruttei996].

The nuclear melodies of the following two questiarese put under analysis:

(1) “I gdze twoj befsztyczeKT{Eng. “Andwhere is your beefsteak noW?and

2) “Babuniu,jak ten duy pies & nazywa? (Eng. “Grandma,
what is that big dog’s namep

Both of the sentences had been read by the speak#rshe former being a part of the child rhyme

described above and the latter constituting a feagrof contemporary Polish prose.

The first of the above questions was realized wifhll by 84% of the speakers taking part in
the recordings (37 out of 44) and the second orepr@duced with a falling melody type by 63% of
them. When the nuclear syllable in the above prooiue coincided with the last word accent of the
IP, the nuclear melody was a combination of any tiove levels generating a falling pitch movement,
with a preference, however, for narrow span faks,LL and LxL. Therefore, the melody was similar
to that of declarative sentences in Polish, with shight difference, however, that the pitch in the
initial part of the IP was often a bit higher thars the case in Polish declaratives, as a reduditra
pitch height imposed on the question pronoun. éndase of such realizations, some listeners tended
to identify this question word as the nuclear djldaof the intonational phrase, rather than thé las
accented syllable of the IP, which is the defawsifion for the nuclear accent in Polish. (cf.
Baranowska et al. 2003). When the nuclear syllalae perceived to coincide with the interrogative
word, the melody patterns were then usually labakeHM-L, which seems to reflect a continuous fall
throughout the whole IP, although such labels asLHir HM-M were also included in the above
annotations.

It seems that it may be the rule of language ecgntimat is indirectly responsible for
declarative-like realization of interrogative wogliestions in Polish: one cue per IP, viz. the
interrogative word at the beginning of the wh- dises may be sufficient to distinguish this speech
act type from a declarative, and that might be tyachy intonation is employed here to emphasize
this very cue at the beginning of the phrase ratt@n to provide an additional one in the form of a
rising melody at its end, which is, in turn, ne@gsn the case of most yes/no questions, oftepidev
of an interrogative word in contemporary Polishislhot to say, however, that the kind of redunglanc
mentioned above does not occur in Polish wh- goestiat all. The first and the second of the
sentences under analysis were realized with a fisalby 16% and 37% of the speakers respectively.
In the case of such productions, the LM and LH mliel® were mostly favored (16% and 8% of all
question word IPs respectively), with the MH andHHypatterns realized only once each. The
justification for the presence of two separate tjaegnarkers here (an interrogative at the begignin
and a rising nuclear melody at the end of the grasight be the additional discourse meaning
conveyed by the IP. The extra rise, depending®precise pattern, may be employed here to express
one of such specific attitudes of the speaker tdsvéine message recipient as interest, sympathy or
irony [cf. Cruttenden for other languages].

4.4.2 Nuclear melody in the realization of dialog mees

The idea of “dialog games” or “conversational gameselatively old and can be traced back
at least to late Wittgenstein (“language games”jtfygnstein 1953]). The term “dialog move” is,
however, used with different meanings dependingherresearcher. Many important issues related to
dialogue unit taxonomies are insightfully discusbgd raum [2000].

The dialogue move labeling system used in Polnt efaborated on the basis of the
commonly known and widely tested HCRC Map Task s&heThe labeling methodology described in
detail in Carletta et al [1995, 1996] proved exte®yruseful, especially that it was directly related
the seminal work of Kowtko [1996], who studied timtonational realization of certain dialogue
moves.



It transpired, however, that due to the differenae®ng dialogue types and their specific
features, a more flexible, extended taxonomy wadee for the purpose of Polint dialog labeling.
Some ideas found in Carletta & Isard [2002], [M&002] and [Traum 2002] as well as our own
labeling experience allowed us to establish a nessdication, related mostly to the intentionsiué
speakers, but also to the interpretation of théierances by their conversational partners. The
knowledge of the dialogue situation, of the aimtleé conversation as well as of the speakers
themselves (most of whom were familiar to the prbjeam), assured a reasonable dose of security in
putting forward hypotheses concerning the intetiol “intentional states” in the course of the
dialog, while the actual roles played by their tucould be derived from the surrounding contexe Th
classification is by no means intended to be araestive one for all possible dialogue types. The
following inventory of moves was proposed: statetneémstruction, suggestion, explanation, wh-
question, yn-question, self-repair, correction, ngvaer, n_answer, w_answer, confirmation, and
request for explanation.

Since the phrases incorporated in the Point Dagalesre chosen arbitrarily to show
intonational variation in contemporary Polish, tedings presented below should be interpreted
exclusively as considerations of possible intomatiaealization, and definitely not as generalined
normative claims.

Eighty-six stretches of speech were selected tpldeed in the dialogue section of Point in
accordance with the general rules accepted foddltebase, i.e. (a) one signal should not contaie mo
than four intonational phrases, (b) it should nateed four seconds in duration, (c) and it should
comprise a “meaningful linguistic unit” (at leasteo“finished thought”). IP boundaries as well as
nuclear melodies were labeled. Some of the selegedch fragments consisted of a few short dialog
turns, while others contained only one. Subsequethtié signals were divided into discourse unitd an
labeled as dialog moves using the abovementioneshdany. It was noted that only a limited number
of dialog moves were realized as single IPs, whikny of them spanned over two or even three
consecutive intonational phrases. In a number ségathis resulted from disfluencies in speecht (par
of an utterance was repeated, repaired etc.),tkalsoé happened in fluent speech. For multi-phrasal
moves, a problem arose with the interpretation oltiple nuclear melodies. Brief descriptions of the
realizations for the most common moves, along aathlysis examples, are presented below.

A. Instruction (order)

Eight speech fragments labeled as instructions wera/ed from the map task recordings,
three of which were realized as single IPs. If aenconsisted of two intonational phrases, the &ifst
them was the “primary instruction”, while the sedoguist added extra details (explanation, stress,
narrowing-down etc.). Seven out of the eight mosastained at least one syllable with a high tone
(H), which was arguably used to highlight the imfiation central to the instruction. Even in this Bma
sample, the variety of the nuclear melodies redlizas astounding. Both full rises and falls were
found, including occurrences of the extra low {akkL) as well as examples of the H and HH nuclear
melodies.
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Figure 5. An example of instruction realized with a high fitane (the nuclear syllable has been
surrounded with an ellipse).

B. No/Yes Answer

Among the seven no-answers included in the matendér analysis, five were realized using
two intonational phrases and the remaining twotchied over a single IP only. All of these phrases
were classified as non-rising, including the twsesawhere the dialog move consisted of a single IP
with the nuclear accent on the ultimate syllablenohg all the occurrences of yes-answers in our
material, only one was realized with a melody whighs classified as rising. Considering the
observed proportion of non-rising melodies in tmedpctions of both “yes-“ and “no-answers” in
reply to polar questions, one could therefore fdateua tentative hypothesis that the above two move
categories are normally produced with non-risirtgniation.

C. Polar Question

Eighteen polar questions were included in the @eg@bSix of them were realized using two
intonational phrases and the remaining twelve cdteat over a single IP. In three cases the nuclear
syllable was shifted towards the beginning of theape and in another two reliable identification of
the nuclear melody was impossible due to the pral-syllable produced in a creaky voice. Among
the remaining thirteen moves, most were realizeth i high rise (four MH and two LH pitch
contours) or with a high level melody (two exampbéthe HH pattern). Altogether, in 12 out of the
18 cases under analysis, the final tone of thé orethe only) IP was perceived as H.
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Figure 6. A polar question with a rapidly rising (LH) melodpd a y_answer with a rapidly falling

pitch contour. The vertical line divides the taxbitwo consecutive turns. Approximate translation

“Something like this? Well, something like thiss.yeThe second turn is extended with the particle
“no”(which was here translated as “yes”), producedth a slightly rising intonation.

Pitch (Hz)

D. Wh-Question

Six examples of wh-questions are available in iaéd section of the database. One of them
consists of three intonational phrases, anothercongins two and the remaining four stretch over a
single IP. All the questions realized using oneniational phrase have a rising nuclear melody. The
last IP in the most complex (three-IP) move was al®duced with a rising melodic pattern, but the
final phrase of the two-IP question, whose nuclsushifted towards the beginning, has a falling
melody (HM-L) throughout its entire duration.
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Figure 7. A wh-question with a rising nuclear melody (approate translation: “And what is that
actress’'s name?”). Please note that the utteratagsrelatively high and its entire intonation ¢du
be described as falling-rising. The gentle slopehmfirst half is probably associated with
declination.

E. Statement (inform)

Thirty-eight utterances in our material were ladess statements. Five of the moves were
realized using three intonational phrases, andifieen contained two and the remaining eighteen
stretched over a single IP. Shifts of the nuclgéalsle towards the beginning of the phrase occlrre
in 9 cases. Although most of the contours herebeadescribed as, at least, non-rising (which resnain
in accordance with the expectations based on ttiealr&nowledge), we have also found examples of
statements with a clearly rising melodic patterrrefatively large proportion of the nuclear meladie
associated with the realization of statements texsiappropriate instrumental analysis due to the
presence of creaky voice in their pronunciationm&tmes, the nuclear melody had a creaky
characteristic throughout its entire duration, Bosix cases, quite interestingly, even the nuclear
syllable was produced in a creak, for which reasolabeling in terms of height was hardly possibl

F. Compound reply (w-reply)

Nine occurrences of the w-reply move were foundoum database, three of which were
realized using three intonational phrases, anotheze contained two and the remaining three
stretched over a single IP. Except for one caserevthe final phrase of the move realization fiatsh
in a high tone, the nuclear melodies here werengsiag.

IPs in Polnt dialogs: Conclusion

This brief review of the Polnt Database dialog isectvas only supposed to give a general
idea about the possible intonational contours smeakers utilize when realizing various dialogue
move categories. Even if the number of phrasedddbeere is too low for any generalizations, the
variety of nuclear melody patterns used can benstign especially when we take account of the fact
that the applied labeling system itself eliminatedwuge amount of information by ignoring the
prenuclear melody completely. It seems that a redse explanation of this situation may require not
only considering the informational structure of thiéerances under analysis but also taking their
emotional load into account. A more comprehensnek exhaustive labeling system is currently in use
with major portions of the Polint corpus dialog g&ttn order to enable tracking down the relations
between prosody and dialog structure.
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Figure 8. A statement (with a slightly falling pitch contpéollowed by a yn-question (with a rising
melody ending in a high nuclear tone). Approxintedaslation: “I'm completely lost now. Is
something wrong?” The vertical line divides thettieo two consecutive moves.

4.4.3 Atypical realizations of statements in monolages

4.4.3.1 Nuclear syllable location and nuclear melodgontour in statements

Since over 97% of all PoInt Database utterancesimdd as a result of monolog elicitation
were declaratives, we decided to investigate imitéhe location of the nuclear syllable and the
nuclear melody contour in the final intonationatge of statements. Our study material included 374
intonational phrases, 189 of which had been pratliigefemale speakers and the remaining 185 by
males. Figure 9 provides detailed information adbntent of our data corpus in terms of the nuclea
melody types realized (conf. section 3.1).

As can be seen in the below figure, four of theapbs under investigation (approximately 1%)
were marked as “unfinished phrases” (symbol F) aede excluded from further analysis. All the
remaining phrases were assigned to one of thewiitp four categories, depending on the type of
statement they were embedded in:

ST: neutral statement without any element of qualiagvaluation or personal opinion and
without a perceptually identifiable distinct ematid load,
ST EV: statement with an element of qualitative evaluatio personal opinion but without a

perceptually identifiable distinct emotional load,

ST_EV_EM: statement with an element of qualitative evaluatiw personal opinion and with a
perceptually identifiable distinct emotional load,

ST_EM: statement without any element of qualitative eviaduaor personal opinion but with a
perceptually identifiable distinct emotional loaxk{remely rare).
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Figure 9. The number of occurrences for all nuclear melgghes realized in the study material.

Figure 10 shows the number of phrases assignedcto & the above categories. As can be
seen, the ST-type and the ST_EV-type phrases, whoswer in the collected data corpus was
similar, accounted for over 91% of the whole matemvhile the size of the other two categories was
substantially smaller.

ST_EM: 5
1,4%

ST_EV_EM: 28
7,6%

ST: 171
46,2%

ST_EV: 166
44,9%

Figure 10. The number and the proportion of phrases reprgsgindividual statement types in the
collected study material.



All the nuclear melody types presented in Figuneede also categorized. They were divided
into the following three major categories, depegdon the symbol representing the tone of the
phrase-final syllable:

HIGH: nuclear melody types ending in a syllable whtmne was marked as H or xH,
MEDIUM: nuclear melody types ending in a syllableogh tone was marked as M,
LOW: nuclear melody types ending in a syllable whtwsee was marked as L or xL, as well

as those whose final syllable was marked as CQfeeky), D (for Devoiced), E (for
extremely low Energy) or S (for strongly Shrunk).

Figure 11 presents the number of phrases contamnedr study material which fall into each
of the above defined categories. As could have h@edicted — given that the utterances under
analysis are statements — the majority of intomatigphrases in our data corpus (approximately 56%)
were realized with a LOW-type nuclear melody; itrésnarkable, however, that as many as 114 of
them (over 30%) were realized with a HIGH-type eaclmelody, which can be quite surprising in
view of traditional intonational descriptions févetPolish language.

MEDIUM: 49
13,2%

LOW: 207
56,0%

HIGH: 114
30,8%

Figure 11.The number and the proportion of phrases represgritidividual nuclear melody
categories in the collected study material

The first stage of analyses concerned the locatidhe nuclear syllable in the phrases under
investigation, with two situations possible here:

NON-SHIFTED NUCLEUS: the nuclear syllable coincidedth the last stressed syllable in the
phrase or

SHIFTED NUCLEUS: the nuclear syllable precedes th&t ktressed syllable in the phrase,
which means that the onset of the nuclear melodyifted towards the
beginning of the phrase.

As transpires from the collected data, the nucleas shifted in 53 cases only (approximately
14% of all phrases). It is remarkable, howevert thathe male productions the nucleus shift took
place almost twice as often as in the phrases peatly female speakers (see Figure 12).
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Figure 12. The proportion of phrases with nucleus shift ia ginoductions of both genders

Subsequent analysis of statement types showednrthat the nucleus was usually shifted in
statements with an element of qualitative evaluatiopersonal opinion (nearly thrice as frequeatly
in neutral statements), however the addition oemmtional load seemed to reduce the tendency for
nucleus shift regardless of the presence of thkiatree factor (conf. Figure 13).
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Figure 13 The proportion of phrases with nucleus shift cejireg on the statement type.

The second part of analyses concerned the applicafiindividual nuclear melody categories
depending on the speaker’s sex and the type @fstatt. It was found that female speakers were more
prone to impose HIGH-type intonational contourdtmgir utterances than males, even if the difference
in this respect was not as significant as one chale predicted basing on the descriptions availabl
in the literature (conf. Figure 14).
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Figure 14.The proportion of phrases with a HIGH-type nucle@lody in the productions of both
genders.

It was also found that the category including MEPIype intonational contours, which was
generally the least numerous one in our data ggrdaimately 13% of all phrases — conf. Figure
11), had hardly any representation among statemwttisan emotional load (see Figure 15), whose
addition to a statement was in turn very often es$ed with an enhanced tendency for the imposition
of a LOW-type nuclear melody (see Figure 16 beldktie abovementioned tendency may, however,
partly result from the fact that the emotions egpesl in the collected material were mostly of
negative nature and were usually annotated pragmatitically asdislike, aversion or disgust
sadnes®r depressiondisregardor boredomdisappointmenbr evenindignation
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Figure 15. The proportion of phrases with a MEDIUM-type naclenelody depending on the
presence of an emotional load in the statement.
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Figure 16.The proportion of phrases with a LOW-type nucleatady depending on the presence of
an emotional load in the evaluative statement types

5. Conclusion

Although the content of the Point Database is gfifoselective and arbitrary, a number of
conclusions concerning the general tendencies Bsag/@eculiarities in the area of Polish intonatio
can be arrived at on the basis of the collectecnadt First of all, the variety of possible (actsdpe,
effective etc.) intonational realizations for thajority of dialog moves and speech act categosges i
striking. The complexity of the relations betwedme text itself (or the mental representation of the
text at various stages of its production) andntsnational realization leads to the obvious infies2
that a great number of factors contribute to tmalfisuprasegmental structure of any utterance. It
seems, however, that some of the above factorsptagya dominant role in certain situations, while
remaining much less significant in others. For egl@nrhythmic factors are definitely more important
in the case of reciting poetry than they are wieaing prose.

In the light of the above findings, a hypothesisn che put forward that the final
suprasegmental structure of an utterance is detethbly a dynamically changing configuration of the
following factors:

» information and discourse structurthe way information is conveyed in the text, #neangement
of basic units as well as the rhetorical/discousdations between them; these factors seem to be
equally important in both pre-prepared and spomtasespeech (perhaps with the exception of
highly emotional speech), but the way they inflertbe intonational characteristic of oral
production can strongly vary.

» syntactic structuremore or less related to the abovementioned fadiarspontaneous, informal,
everyday communication these aspect seems to gagandary role; please note that the syntactic
structure may be sometimes ambiguous, and eveisihbt, it is liable to misinterpretation by the
reader).

« text form(“textual gender”, style etc. — e.g. poetry, acaitelecture, sermon)

« emotional attitudgto the content of the text and to the listener)

* individual speaking style -the features that are typical of a given speakdrcam be traced down
in most of his utterances, independently of theenirtextual gender

» external factorglike noise or any sort of unexpected events #figahe speaker)

Without a huge amount of knowledge about the sdnah which speech was recorded,



While this may seem hopeless, does not excludainetndencies in the entire material, it
strongly suggests that, e.g., intonation-basedgied move prediction in dialogue systems should
involve the calculation of contextual factors.
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