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Abstract

The present study examines the difference
between categorization and goodness rat-
ings in Udmurt (Finno-Ugric language) us-
ing different sets of spectral attributes. The
tendency to have two areas of /u/ vowels
was observed in languages with unrounded
non-front closed vowels during the TUR-
VOTES project. Our study explores
whether this can be due to the different
acoustic attributes used in the identification
and goodness ratings of these vowels. The
identification and goodness-rating of Ud-
murt close vowels confirmed the observa-
tion. The model using only formants was
not significant for identification data, but
did explain the goodness rating data. The
spectral moments explained both identifi-
cation and goodness ratings.
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ferent spectral attributes within these procesgds a
the actual similarity of two sounds within a chosen
scale. This is crucial in the interpretation of the
patterns observed in human performance based on
these similarities (e.g. identification and disdrim
nation and linguistic use of the same physical stim
uli). The crucial question is: what type of simitgr

the listener use, if asked to identify the stindi

to estimate its goodness. The knowledge on these
features makes possible to predict, how people
would perceive the stimuli they have not heard be-
fore, and consequently categorization in accor-
dance with their linguistic knowledge about the
speech sounds.

The long time problem of the vowel identification
studies has been the discrepancy between the
whole spectral attributes and formants that give
different information about the physical similarity
of the stimulus. According to Rosner (1994) the
discrepancy may be related to the difference be-
tween general acoustic distance and the phonetic
distance between the same vowel pair (also Gran-
strom & Klatt, 1979). The general assumption has
been that the formant hypothesis, formant peak
picking, is enough to explain the attentive vowel

The vowel perception is a process in which thiglentification responses. Savela et al. (2003)
auditory pattern induced by the perceived stimulighowed that the formant peak picking and the gen-
is categorized with the stored auditory patterns €fal acoustic distance can be related to the difiter
similar stimuli. The basic question in speech petypes of perceptual processes: automatic and post-
ception studies is to understand the role of tiie diperceptual. The automatic process buffers the fea-
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tures of the stimuli, using intuitive knowledge o250 to 800 Hz with steps of 30 mel and F2 from
the important information within the stimulus. 1t600 to 2800 Hz with steps of 50 mel. F3 is 2500
was shown (ibidem) that the formant informatiomHz as long as F2 is 2000 Hz or below and higher
can be considered as an intuitive indexical knowby 200 mel when F2 is above 2000 Hz. The dura-
edge on the category and the whole spectral infdien of the vowel stimuli was 350 ms and their
mation was shown to be post-perceptual languagéch rose first from 100 Hz to 120 Hz (until 120
independent general information about the similams) and fell then to 80 Hz during the rest of the
ity of two stimuli. In extreme cases the generadtimulus. The amplitude of the formants were not
auditory knowledge and the formant based lineglamped which can lead to the higher amplitudes of
knowledge can result non-continuous areas withligher formants.
the vowel space.

Procedure
The aim of the present study is to use comparison
of the identification and goodness rating data in There were six subjects (mean age 28,5). They
order to show the role of formant based intuitivevere asked to name the vowel they heard (using
(indexical) similarity and the whole spectral basetddmurt orthography) and to evaluate the goodness
auditory similarity between the synthetic stimulipof the vowel (grades 1 — 7). The test for whole da-
using familiarity based indexical (goodness rafingsibase took about 45 minutes. The stimuli were
and analytical symbolic strategies. The idea is melivered through headphones in a sound hampered
identify the attributes sufficient to explain tlten- room at the Turku University Language centre.
tification and goodness ratings adequately.

First two models are tested, in the first model th&2 Results
efficiency of two formant model is tested and immhe identification data for the Udmurt data is
the second model with the spectral moments addéeawn in Figure 1.

is tested. The aim of the present study is to shc
that vowel identification and goodness rating ar

based on different spectral attributes in terms ======" N e mos

. 7 ocos5
vowel space. The chosen vowels are Udmiirt /™ “

(unrounded close central vowel) and (rounded
close back vowel) which both cover the same are
of the F1-F2 vowel space. This area of the perce H—l—H—l—l—l—H—H—!—l—I—I—H—J—_‘ .
tual vowel space is critical, because it has be¢ ™
revealed as the most challenging area of the vow..
space in using of the formant based models. In tkrlsr ure 1. The identification of the non front back
particular area of the vowel space the F1, F2 %g

wels in Udmurt. The goodness is described us-
F3 are distinct and no trivial fusion of the fornsn . ing 1 — 7 goodness scale (two steps) and the identi
can be observed.

fication is described on percent of answers (over
50 % categorization is presented with black color).

Identific ation function of A/ answers

Goodness rating of W/ answers

F2

2 TheTURVOTESdatafor Udmurt o

The results were clear. In categorization data the
21 Methods area of /u/ was divided into the two different area
whereas the goodness rating data showed only one
area of high goodness. Our finding is against the

The test consisted of synthetic vowels whic ssumption of existence of linear prototype-based

d th i I ¢ for di hategorization of the vowel stimuli. This is becaus
covere € entire vowel space except 1or dIPtigeification of the category can not be explained
thongs and nasal vowels. The stimuli were synth

sized with Klatt parallel synthesizer (Klatt 1980)By two lowest formants of prototypical exemplars.
The vowel space was created by varying F1 from

Stimuli
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3 Statistical evaluation of the Udmurt
data

3.1 Methods

In order to study the similarity between proto
typical areas and vowel boundaries, two binomini
regression models were made. The stimuli that ti i 30 oo-100
1660 1500 1340 1180 1020 860 oo

subjects had perceived as /u/ brwere chosen to 2
analysis. Four models were tested in binomini:; —
logistic regression mode. In two of them the stimd-19ure 3. Standard deviation in the power spectrum
lus category was the dependent parameter andGhthe synthetic vowel in mel scale plotte_d against
two of the models the stimulus goodness served % formant values. The analyzed area is marked
the dependent parameter respectively. The ind&ith boundaries.
pendent parameters were the formants or the for- ) )
mants with spectral moments respectively. The (normalized) skewness tells the asymmetry in
the shape of the spectrum between the lower and
The spectral moments in the signals were analyz8igher areas in the vowel spectrum. It is measured
using the PRAAT speech analysis program. Fir®y dividing the third spectral moment (non-
the Fourier analysis of the vowels was made for dlormalized skewness) with the 1.5 power of the
stimuli, using sampling frequency 11024 Hz. Th&&cond spectral moment Figure 4.
measuring of the spectral moments was based on
the power spectrum in which the magnitudes of tt
spectral components are squared. It has been u
by Forrest (1988) in measuring of the fricatives
The centre of gravity describes the average fr
guency of the spectral components in signal (Fi
ure 2).
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The standard deviation describes the mean diffe
ence between the spectral components and the ¢

tre of gravity. It is a square root of the secord-c EE_DS';DD
tral moment of the spectrum. It describes ho 2 0-80-0
much the spectral components differ from the cel
tre of the gravity (Figure 3).
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Figure 5. Kurtosis in the power spectrum ofthe 4  Discussion and Conclusion
synthetic vowels plotted against the formant val-

ues. The analyzed area is marked with boundaried.ne present study was designed to show that the
goodness ratings and identification of the vowels

3.2 Results use different spectral attributes in the vowel gpac

The results of the study are shown in Table 1 The results argued against the use of the similar
" model of predictive acoustic parameters for good-

VOWELNAME o OWEL GOODNESSE o ess rating data and identification data, providing
e | . 2o [ | sig 2bg that the formant based similarity does not fit the
R T jj;;‘iTF 2 e g_gentlflcatlon functions of the Ud_murt_@en_tlflca—
SPEC ion data. It was shown that the identification can

Table 1. The strength of models in the Udmit//  be based on post-perceptual process different to
identification goodness rating. The plasticity to the general
acoustic features can lead to the areas of sityilari
The first column shows the chi-square value of théhat are not similar to the proto-typical exemplars
model that tells the general fit of the variables i  of the category, but still categorized as the same.
the model (omnibus test on the variables within the The general acoustic features can lead to the ar-
model). The next column (DF) tells the degrees ofeas of similarity that are not similar to the proto
freedom in model and the third column (sig.) tells type. Recently, the understanding of the phonetic
omnibus significance of the model. In fourth col- experience has exploded. The present study
umn (-2log likelihood) presents a value that gives showed that the many questions concerning the
the deviation of the likelihood function of the lo- area of prototypical vowels and their relationship
gistic model and makes possible to compare the to the rest of the category can be elaborated using
fits of the models. auditory model in which spectral moments are
added to the model. In comparison to the Rosner
The results show that the identification of vowelgnd Pickering’s theory in which the vowel catego-
was not predicted by formants (insignificant) onlyies are always linear in terms of formant space
whereas the goodness ratings could be evaluataedel (1994) which do not explain the identifica-
using formant values. The effect of the differenction data. Additionally, a present study provides
between goodness rating models was smaller, #formation about the perception of open back
though significant. However looking at the indi-vowels and their relationship to closed back vow-
vidual formants gives a clearer picture (Table 2). els. It can be speculated, that the perceptual simi

larity between /u/ and /y/ in some languages may

VOWEL NAME /i - u/ VOWEL GOODNESS/- u/ . y .

Chisquare | OF [ P Wald 5F b be related to the listeners’ habits to use spectral
F1 ,803 1 ,370 10,019 1 0,002 1 i 1 1 i 1 i
= e T 3% moment information, if synthetlc_stlmull covering
oG 3,148 T | 076 | 536 | 1] o021 large areas of the vowel space is used. In conclu-
STD 7,897 1 ,005 5,089 1 0,24 . . . ..
SKEWNESS 18,618 T o0 | 6540 | 1] oo | Sion, to obtain a more comprehensive description
KURTOSIS 16,748 1 0,00 17,693 1 0,00

of vowel category, the person-independent formant
Table 2. The statistical significance of differentracking model has to be extended with spectral
spectral attributes in identification and goodneg®oment information dependent on person and cul-
rating of Udmurt vowels in models with spectrafure.
moments
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