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Abstract

The study presents experimental data on Polish Mowe
durations in consonantal contexts gathered to pessodic
hypotheses. An attempt is made to verify the siggifce of
the process of balancing V-to-V durations in a dgital
model of speech rhythm applied to Polish. We reparthe
results of a controlled experiment followed by aeuof a
corpus of running Polish speech, both investigatthg
influence of selected Polish consonants on pregedowel
duration.

1.Introduction

The voicing effect, i.e. the lengthening of a vopetceding a
voiced consonant, is a very well documented phenomén
many languages [4] especially in the Germanic farfil8,
19, 21]. The adaptation of duration between vowetsl
consonants seems to be not only a cue to thewioitp
consonant voicing but also a direct compensatiotenfth
between segments, a phonetic representation of oinp
planning. This prosodic aspect of the effect wgaaled to be
relevant for the balance of syllable duration [18] and to
have consequences for dynamical rhythm models asi¢f].

The speech rhythm model in [1, 2] is specified hg t
coupling of syllable-sized and phrase stress @soill where
the first provides regularity and the other struetuThe
syllabic oscillator is implemented by V-to-V uni@iven the
hypothesis that there exists a tendency to regalathe
recurrence of vowel onsets, duration compensatisitlé the
V-to-V unit would support periodic oscillation. kwals of
voiceless-longer/voiced-shorter consonants withinvV@v
frame act as perturbing factors. In Barbosa’s [2idgt of
Brazilian Portuguese, interpreted for the purposésthe
rhythm model, the relative imbalance in duraticetween
segments in the voicing effect environments, tertdgdgger
temporal adaptation on the part of the vowel. Maeepwhen
combinations of voicing, manner and place in théofang
context were selected, such as /CVrV/ vs. /CVS#¥flecting
significant durational differences between constsavowel
adaptation occurred as well [see also 5].

According to Keating's work on consonant voicing
categorisation [9], the phonemic voicing effect sloet occur
before Polish stops (see also [10] for Czech and fa6
Arabic) even though the difference of length betwebe
consonants is significant. The presence of thecgffen the
other hand, was reported by [22] for vowels in ased
nonsense words, as well as by [8]. Recent Polispusodata
results [3, 17] confirm only some contextual vogieffects
on Polish mean vowel duration. We are not awarerof
previous studies investigating mutual contextuaration
effects of consonants and vowels in Polish. A rectady
[15] on Czech VC and CV sequences reports some t&inpo
adaptation inside the Czech VC.
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In our previous studies on Polish segmental dumaf®)
13] for speech synthesis purposes we tested ovéedilres
both from the segmental and suprasegmental levétls w
CART algorithm to verify their correlation with phone
duration. The influence of the right context wated high in
the rankings obtained from three large corporaviar feature
vectors. The identity of the sound directly follagithe sound
in question appeared to be one of the two most iitapb
features within the feature vector, and the mannér
articulation was one of the first ten most impotti@atures. It
is though still necessary to remember that it iy one out of
over fifty other features whose complex interacia@hould
not be neglected while analyzing particular aspettspeech
timing.

2.Data and M ethods

Two datasets were used to verify our hypothesiset of
phrases with target items in controlled positiond a corpus
of read speech data. In both sets of data we wéseested in
durational compensation effects or the lack therieof/C

groups within V-to-V units. All analyzed data welabeled
according to prosodic annotation rules (cf. 2.3).

2.1. Controlled experiment

Four speakers (2 male, 2 female) of standard Poliste
asked to repeat stimuli around 20 times (aroundighod
tokens were recorded and annotated). In this gdheostudy
we investigated the influence of Polish alveoparstalveolar
and palatal fricatives /s, z, S, Z, s,' '/ on pdieg vowel
duration. This particular set was chosen becawséritatives
are known to differ more than stops in their ininéi@durations
within the voicing contrast [12]. Only medial VC itswwere
considered since Polish consonants do not coritrasticing

in final position: all voiced obstruents are dewsicword
finally. In the controlled experiment we includedntexts
with stops /p, b, t, d/ as well, for comparisonhnMdeating’s
original work, which investigated /raCa/ type ofratii with

stops contrasting in voicing.

We used target words of the fokmCaandraCawhere C
was one of the six fricatives or four stops undedg. The
main stimuli were presented on randomized stripgaper in
the following form:

»TO nie jest kasa , to kasa ”
“To nie jest kaza , to kaza "

The words to be filled into the gaps were given on
separate strips of papetobra, tania(“good”, “cheap”) for
the first condition containing meaningful targetrd® (e.g.:
“kasa”, “rasa”, “Kasia”) andosna, dzpna (no meaning) for
the second condition containing nonsense targetdsvor
(“kaza”). These two pairs of additional stimuli fitioned as
masking words. In a few preparatory runs the spsatid not
have problems with incorporating the nonsense efesinto



a meaningful carrier sentence, producing fluergratices.

The stimulus design placed target words in a aarrie

sentence in order to elicit a more natural spealsiyte as
opposed to a word list used in [9]. The main tasksw
constructed so that the target word would not etttra
prominent focus, assigned to other potential locetiin the
frame. The “new information” status and position time
phrase attracted phrasal prominence to the maskigls
rather than to the target word. This way we attechpto
control emphasis pragmatically. Gibbon et al.du@gest that
the lack of contrastive length in Polish might pd®van extra
degree of freedom for use in emphasis; emphasis
lengthening is liberally used in Polish.

The experiment was controlled for the following ttas
that influence segment duration: vowel identity,llabje
shape and count, position in the phrase, lexicagésst
emphasis. It was not directly controlled for rdtewever we
further present ratio measurements which normatize
possible rate effects.

2.2. Database query

The corpus consisted of speech data provided byy for

speakers (20 male and 20 female, aged 20-25) gpad2b-

sentence script of an informal interview with aipailn.

We searched the corpus for tokens that contain YLigs

containing /a/ and either a very short consonatt ss /r/ or a
very long one, /S/, similarly to Barbosa [2] who éstigated
the temporal relations within the same CV sequencea

controlled experiment (/a S/, /a t/). For the pnésdata these
types of tokens were found in four realizationsdagh of the
forty speakers, namely in the words: /naSe/ /v§&tectives)
produced in phrase-medial position, each of themaas
attribute of the word /mjasto/, and in the wordaratn/ (a
verb) produced twice by each speaker: phrasedigitend

phrase-medially (or phrase-finally, depending odividual

phrasing techniques applied by speakers).

It might have been anticipated that for the corgais the
common influence of multiple modifying factors wdube
inevitably stronger than for data in controlled esiments.
The individual realizations of phrase accents, eshand
pauses were carefully examined perceptually asagetin the
basis of spectrogram inspections in order to olkaggossibly
consistent dataset. Target words produced withteh por
emphatic accent or with a pause in the right cdnteare
excluded from further analyses.

2.3. Prosodic annotation

Oral constriction criteria were applied as guidesinfor
prosodic annotation as described in [24]. We fothmat such
criteria correspond better to our objective of Btigating
temporal relations as they illustrate the motokgathat a
speaker must dynamically tackle in the productidnvV&

groups. The standards are different from annotab@sed on
acoustic cues, e.g., in the following cases:

* silent transition interval following voiceless fative
noise is included in the following vowel interval.

* the silent interval occurring after a vowel befoae
voiceless fricative noise sets in is counted asrigghg to
the vocalic interval.

It is necessary to add, as we had used two typesirgét

words, one beginning with /r/ and the other with tkhat the

annotation standard sets the final boundary for ak/the

consonant release rather than at the beginningioing. Any
short transition period, not more than 10 ms onraye
though, was included in the following vocalic intak. The
effect of this annotation strategy is systematic aespite
the /k/ annotation induced lengthening, the firgwels
in /kaCa/ were consistently shorter in all speakerd right
contexts than in /raCal/.

For the controlled speech data (cf. 2.1) the sigmas
segmented manually using Praat speech analysisasefeind
annotation tools. The corpus data were initiallpelad
automatically with SALIAN [23] and then manuallyjasted
to the abovementioned rules of prosodic annotation.

3.Results

Fig. 1 presents the consonant-consonant and voowvedlv
duration ratios for the kaCa stimuli in the congdll

experiment. It shows that on average, all the stlidioiced

fricatives were shorter than the voiceless onessacspeakers
and places of articulation by approx. 30%.
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Figure 1: Mean duration ratio for vowel pairs -//a
preceding /z Z Z'/ to /a/ preceding /s S s'/ reSpely;
and for consonant pairs /s z/ /S Z/ /s'z'/ in kaCa
type of words.

This is inversely proportional to the duration bé tpreceding
vowels, which lengthen by 30%. However, the V/Ndaan
the pre-voiced/pre-voiceless context respectivaldisplays
some speaker dependent behaviour.

Fig. 2, for target words of the form
(/kasal, /kazal, /kaSal etc.), sheds some lighthermatter in
terms of statistical significance. All speakersodurce
significant differences in the context of /S, Z/dafs’, z'/.
Speaker B and D did not produce a significant difiee in
the context of /s,z/. Speaker D’s behaviour isejoonsistent:
where the consonant ratio comes closer to one, the.
homorganic fricatives are more equal in duratidine vowel
ratio is lower. It appears as if the speaker aimgraducing
balanced vocalic and consonantal intervals.

In fact speakers A, C and D and their individuatitig
strategies turned out to be quite predictable ith biacative
tasks. Their sentence realizations were more unifarterms
of pitch changes and phrasing. Speaker B varied
productions more from sentence to sentence, in sa
repetitive, more “illustrative” style, this varidity can be
seen in the graphs.

/kaCa/

her
e
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Figure 2: Mean durations (points) with confidence
intervals (lines) for /a/ preceding /s z S Z ¢'in’
kaCa type of words.
The results of our stop voicing effect study are

inconclusive. For the same 4 speakers we obtaiaegng
measures of significance. It corresponds to cdirfticreports
in the matter. [2] reports on the basis of simiBrazilian
Portuguese data that stops do not always showfisemi
differences for the voicing effect, which is agreedexist in

Brazilian Portuguese. Table 1 contains the means and

standard deviation values, with statistically sfigaint items
in bold, for all /raCa/ words.

The /raCal fricative set, in spite of some missiatacand
higher standard deviations, possibly due to diffies with
segmenting /r/, reflects the trend found in theCébwords.

Table 1.Mean duration values and standard
deviations for the vowel /a/ depending on the
following consonant context in raCa type of words.
Values which produced statistically significant

differences are in bold.

voicing distinction is clear cut and so may triggewel
length adaptation. Stop durations produced ongrifigant
result. In speaker D’s /rapa/-/raba/ pair, the ooasts were
equally long, the difference in vowel duration veignificant,
however, in the opposite direction than expectiee:vbwel in
front of /b/ was shorter but not as short as the infront
of /p/. The case appears to be an outlier.

We also compared the mean duration of /p/ to /8//8h,
assuming these are the longest consonants witl@ntvtio
manners. The mean values of /p/ among speakers|oeee
than the approximately equal /S/ and /s'/ value2 tg 10ms
only.

3.1. Corpus query response

For the corpus data, the effect of compensatiopeding on
the following long versus short consonant appetodik less
significant than for the controlled speech datawéver the
tendency was not contradicted.

The V-V ratio after excluding items produced witpitch
accent on /a/ or with a pause following the targetd was as
follows: 1,39 (for phrase-medial position of theusz®e word
for /ar/) and 1,03 (phrase-initial position of teeurce word
for /ar/). The ratios of consonant durations wes5 and
0,33 respectively.

Table 2. Mean duration values and standard
deviation for the vowel /a/ depending on the follayvin
consonant context for four words produced by 40
speakers (PI-Phrase Initial, PM-Phrase Medial)

Source word \% Std. C Std.
duration dev duration dev
IvaSe/ 59,87 10,6 99,5 12,6
/naSe/ 58,23 9,9 104,34 10,9
/staram/ Pl 60,98 11 25,95 4,1
/staram/ PM | 82 12,5 33,89 6,4

Left ;

Context

Right fricatives Stops
Context| s [z[ s] z] s'[ z[ p] b] t] d
Mean | oyl g5 76| 86| 79| nial 75| 71| 63 63
subject A

Stdev | 4311719 24| 18| nia| 11| 12 8 8
subject ¢

Mean

. 111| n/al 104| 91 |127|157| 94 | 107|101 | 120
subject B

Stdev | 51 ' yal 12| 8 |12 19| 17| 17| 26| 7
subject

Mean |104|138]123/ 142|118/ 124 103 99 96 12p
subject C

Stdev. | 151 16| 12| 19 | 15| 16| 15| 12| 9| 12
subject (

Mean | 251 74| 71| 77| 75 8d 72|56 | 75| 71
subject D

Stdev. | 151 9| 10/ 12| 10 1d 11 7 8 7
subject [

As far as the differences between consonants are

concerned, all fricative pairs differed significlnin length,

confirming our assumptions that fricative durataeross the

Table 2 presents mean duration values for vowets an

consonants in VC groups realized by forty speakens. first
two rows give mean durations for the /aS/ sequefroes the
words /vaSe/ /naSe/ that were compared to durafions/ar/
groups in the word /staram/. The latter was prodtoetwo
positions by each speaker (initial or medial), aad, it is
shown in the table, the difference between the types of
realizations appeared to be the prevalent one.

4.Discussion

Keating [9] reported some closure duration oveltt@bwveen
homorganic stops in Polish, suggesting they do atebys
clearly fall into two groups. Due to such past teswe

expected variability in the stop voicing effectdrgreted in
duration compensation terms, at least for somekspgaThe
stop effect did produce variable results. Howewadirbut one
stop duration difference proved to be significanbur study.
Moreover, /p/, IS/ and /s'/ were similar in duratidout only
the fricatives caused vocalic temporal adaptatid'e need to
conclude that manner of articulation effects magrade the
voicing effect before stops and support it befoieilant

fricatives we studied here, with the possible ekioapof /s/

and /z/. This possibility needs to be looked imtohie future, if



a compensatory interpretation of the voicing effé@stto be
found valid for Polish. Indeed, an extensive corpugly in
[12] demonstrated that vowels are longer if therdegof
stricture of the following consonant is lower. THiading
could help explain the general damping of compemgat
durations in the stop effect environments. Furteedy is
needed as to the exact relationship between stogdioi and
vowel duration in Polish.

In general, our results suggest segment timingoiging
effect environments in Polish is to some extentakpe
dependent [see also 12], the language does noatalict
phonological rules in this domain. Some factorg thifuence
the magnitude of phonemic voicing effect are absiant
Polish: there is no contrastive vowel length, fisahsonant
voicing contrast is not neutralized word mediallyome
authors have suggested that weakening or absenctheof
effect may have sources on the rhythmical level] [19
depending on the rhythm type. There is no agreerasrto
whether Polish is syllable- or stress-timed altHougcent
work [7] suggests that Polish phonological syllabdee more
uniform in length than V-to-V stretches, what imrtumplies
some segment duration adaptation within the caabnic
syllable. Qur results for VC groups involving frites
however show a tendency to balance the V-to-V segime
timing relations, as predicted by the model in [&k for
stops, as discussed above, the interaction withneraof
articulation needs to be explained.

Due to insufficient control of factor interactiom ithe
tokens extracted from our running speech corpusseecthe
need of constructing specifically designed corpdoa
isolating and analyzing temporal details of thecirgg effect
type. To fully validate the duration compensatigpdthesis
different combinations of segment durations withC
groups need to be tested.

5.Conclusions

The results of the experimental case study areusagng.
More elaborate investigation of running speech ithreater
number of speakers would be necessary along witbfuda
text input design to answer both the requiremeftsogous
size and sufficient control of the analyzed relagio
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