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ABSTRACT

The perceptual organization of 21
spoken Bulgarian consonants and the
distinctive features have been deter-
mined using similarity and dissimilar-
ity data drawn from two perceptual
experiments with 200 Bulgarian native
speakers.

INTRODUCTION

In the past decade research in speech
perception has utilized information-trans-
missions, cognitive strain in short-term
memory, linguistic, psychophysical, and
reaction-time methods to gain insight into
Speech processing. In addition, there are
many variants to the methods of measure-
ment in psychophysics which include abso-
lute judgement or direct estimation, scal-
ing of paired comparisons, and triadic
Comparisons. An extensive review of many
of these approaches can be found in Singh
/22/ and Dauhauer and Singh/6/. In studies
ilvestigating the constituents of the pho-
lemes the common elements have been the
articulatory and acoustic features of the
nput stimuli. In general, the distinctive
features have been consistently retrieved.
Collectively, these studies appear to have
€stablished their psychological reality
and perceptual independence relative to
the input stimuli /29,28,17,21/.It has
been determined as well that a hierarchic-
al structure exists within the phonologic-
al domain of distinctive features/25/.
UFlllzing some aspects of the above men-
tioned methods and on the basis of experi-
Mental results /2,3,1,5,18,19,20,26,27/

4 model of the phoneme as theoretical
construct was developed/14/. The phoneme
1S represented as a three-space unity in
¥hich the physical reality of the speech
Ulit, the phonological construct of the
P oneme, and the perceptual speech sound
SPace of Subjects are described as sets of
acoustic, distinctive, and psychological
fatures, respectively. It is suggested
that relations and correspondences exist
dmong all types of features and spaces.

The acoustic features could be represented
by one or more physical properties of the
speech unit (segment) which are changeable
1n time. Sources of these changes could be
several physiological and geometrical para~
meters, as well as some physical phenomena
(the form and size of the vocal tract,
"basis of articulation', the transition
from one target configuration to the next).
All processes attending articulation and
coarticulation contribute to the variation
of the acoustic features on the time-axis
too. Our understanding of the acoustic
feature character is very close to Ste-
vens’s view /25/. We assume that:1.An audi-
tory system could give a distinctive respon
se not only to the sound itself, but also
to each physical property of the sound and
its change in time, according to the psycho
physical laws. 2.There are many invariant
acoustic properties(physical ones) associa-
ted with each acoustic feature. 3.The simul
taneous appearance of some physical proper-
ties and their variations could cause chan-
ges in the perception of other physical
properties (a high frequency signal of
great intensity is perceived as a lower
frequency signal). A support of the third
assumption has been found out in an invest-
igation of the Bulgarian vowels. For the
acute vowels /i/ and /e/ the third formant
F3 influences the first formant frequency
F,/14/. The acoustic features can be measu-
red objecively. They form an n-dimension
physical space with its axes corresponding
to the number of features. The allophones
corresponding to the phoneme variants can
be presented as a set of points in a fixed
region of that space. The distinctive fea-
tures characterize the phoneme as linguist-
ic construct/9/. Each distinctive feature
has its acoustic and psychological correl-
ates. The type of the acoustic correlate
depends on the phoneme in which the distin-
ctive feature is realized. Up to some lim-
its, the variations of the acoustic featu-
res (correlates) cause changes in the grade
of the distinctive feature in the phoneme.
In other words, the quality and variations
of the physical properties of the acoustic
correlates are transformed by the phonolog-
ical system/15/ into an estimation of the
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distinctive feature gradation. The degree
of the distinctive features in phonemes
which are found in different languages is
different due to phonological system dist-
inctions.

The psychological features are charact-
eristics of the perceptual speech-sound
space of the Subjects. These features have
correlates both in physical and phonologic
al spaces and are represented as orthogon-
al axes. Their number defines the space
dimensionality ana depends on the properti
es significant of the phoneme classificat-
jon. The "psychological phoneme" occupies
well confined "psychological region'which
is invariable with respect to the psycho-
logical axes even in case the coordinate
system is rotated or translated. The phon-
emes of the voral and consonant systems
can be studied within the framework of the
model. Relations among physical, distinct-
jve and psychological features of Bulgar-
ian vowels have been found out. It has
been established /4/ that the perceptual
space of the spoken vowels is two-dimens-~
ional and the second formant frequency F,
is an acoustical correlate of the distinct
jve feature grave-acute and the first
psychological axis. As a result of another
investigation/12,13/ the first formant
frequency Fq has been defined as an acoust
jc correlate of the distinctive feature
compact-diffuse and of the second psycho-
logical axis (r=-0,97). The analysis of
experimental data /7,8/ reveals that the
perceptual space for whispered and sung
vowels is two-dimensional. All spoken,
whispered, and sung allophones of each
vowel perceived were situated in a fixed
region. The results support the hypothesis
of the psychological reality of the phon-
eme (the "psychological phoneme') and we
have good grounds for considering the
phoneme not only as "the highly service-
able tool by which we describe our speech
samples' and "a basic pragmatic function
in speech'/11,p.59/ but also as a cognit-
jve structure with its own complex dimens-
ions.Twenty-one Bulgarian consonants have
been studied by using multidimensional
scaling technique/5/. The purpose of the
present study is to determine the organiza
tion of 21 spoken Bulgarian consonants and
their features in the perceptual space.

METHOD

Subjects. Subjects were randomly select
ed students from four classes of the Tech-
nichal School of Electronics in Sofia(N=
=100) and from four classes(N=100) of the
Polytechnical School in Roman. All the stu
dents were 16-18 years old Bulgarian nati-
ve speakers. '

Stimuli. A stimulus set consisted of
210 pairs of CV-syllables. In each syllab-
le the Bulgarian consonants /b/,/v/,/g/,
/47,721,721 ,/%/,/1/,/n/,/n/,/p/,/T/,/s/,
/t/, £/ ,/h/,/ts/,/dz/,/tf/,/dz/, and 1/

were uttered with the vowel /3/ in the way

they were spelled in the Bulgarians alpha-
bet. The pairs were recorded with a micro-
phone feeding high-fidelity stereo tape re-
corder "Jupiter'-202. The stimuli were ut-
tered at a confortable loudness level by a
female Bulgarian native speaker born in N
West Bulgaria.

Procedure.Experiment I.The experimental
set was presented auditory to a hundred
students from the Technical School of Elec-
tronics. The Subjects were asked to give
similarity judgements for each consonant
pair using a 7-point scale whose categories
were marked verbally by phrases (and by cor
responding numbers running from 1 to 7) in
the direction of increasing similarity.The
scale was anchored on the left with the
phrase "Not at all similar"(number 1) and
on the right with the phrase'Very similar"
(number 7). The Subjects were instructed to
write down on the answer sheet their assess
ments of similarity between the consonants
in each pair using the respective numbers.
Experiment II. The same experimental set
was presented auditory to a hundred students
from the Polytechnical School in the manner
described above. Only the scale was anchor-
ed with the phrase "Not at all different on
the left (number 1) and "Very different" on
the right (number 7).

RESULTS

Two symmetric matrices (of similarity -
Table la and of dissimilarity - Table 1b;re-
specively) were obtained as a result of the
two experiments. The matrices were analyzed
by the method of Johnson’s Hierarchical clu
stering scheme. The hierarchical clustering
tree in Fig.1 proceeds from the analysis of
the similarity matrix. The branches of the
tree differ in lenght as contrasted with
the common hierarchical clustering tree.
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Fig.1. Representation of similarity
between Bulgarian consonants as
hierarchical clustering scheme
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Table ta. Matrix of Similarity for 21
/Scores run from 1(lowest si

Bulgarian Consonants
milarity) to 7(highest similarity)

T P v f g k d t 3 J z s dz ts

b 5,25 3,96 3,53 3,55 2,99 4,49 3,92 2,57 2,55 2,51 1,78 2,89 2,61
p 3,27 3,59 4,20 3,26 3,02 3,48 3,71 2,17 3,31 2,09 2,07 2,24 2,81
v 4,75 4,70 5,72 2,79 2,26 3,12 2,56 2,26 2,76 2,46 2,51 2,47 2,27
£ 4,39 4,26 3,11 3,21 2,85 2,91 3,65 2,67 4,14 2,76 3,63 3,01 3,56
g A,48 4,65 4,87 4,47 5,89 3,48 3,38 2,86 1,95 2,64 2,49 3,17 2,63
k 5,29 4,91 5,47 5,14 3,39 3,11 3,18 2,15 2,73 2,22 2,65 2,02 2,36
d 4,59 4,58 4,78 4,81 4,42 5,33 5,17 2,80 2,24 3,42 2,57 4,36 2,66
t 4,29 4,26 5,14 4,85 5,76 5,08 3,34 2,98 3,69 2,40 3,40 3,34 4,30
‘7 5,29 5,5 5,58 5,07 5,27 5,33 4,85 5,43 5,97 4,75 3,33 4,36 3,37
/ ‘5,23 4,64 5,15 4,17 5,26 '5,09 5,00 4,06 3,12 3,74 5,03 3,33 3,76
: 5,10 5,22 5,45 5,35 5,11 5,26 4,60 5,43 3,45 4,29 5,76 5,45 4,53
s 5,63 5,31 5,24 4,77 5,26 5,28 5,06 4,87 4,73 3,60 3,02 4,95 5,32
dz 4,95 4,90 5,42 5,26 4,86 5,38 4,54 4,92 3,54 4,68 3,90 3,86 5,92
t 5,65 5,25 5,42 4,83 5,37 5,41 5,22 4,43 4,63 4,38 3,93 3,19 2,08

d 4,82 5,3 5,47 4,85 4,90 5,58 4,48 4,93 3,54 4,99 3,80 4,01 3,47 4,09
t 5,42 5,27 5,48 4,97 5,14 4,94 5,01 4,79 4,57 3,57 4,67 4,80 4,07 3,96
h 5,30 4,41 4,65 3,52 4,71 4,27 5,05 4,03 5,17 3,79 4,92 4,60 5,16 4,92
m 4,99 4,88 4,91 5,75 5,43 5,18 5,32 5,45 5,83 5,02 5,61 5,28 5,51 5,91
n 4,8 4,64 4,99 5,04 5,07 5,04 4,91 4,85 5,46 5,05 5,52 5,35 5,33 5,61
1 4,75 5,06 5,04 5,16 5,26 5,20 5,39 5,25 5,48 5,20 5,38 5,03 5,87 5,69
r 5,72 5,57 5,35 5,15 5,57 5,60 5,93 5,61 5,68 5,23 5,51 5,34 5,72 5,57

Table 1b. Matrix of Dissimilarity for
/Scores run from 1(lowest di

21 Bulgarian Consonants
fference) to 7(highest difference)/

The 21 Bulgarian consonants are classified
in six clusters /Fig.1) which are equiva-
lent to different consonant classes. The
hierarchical tree in Fig.2 is an upshot of
the dissimilarity matrix analysis. The bran
ches are represented by both the correlati-
ve pairs/dz;ts/,/s,z/,/[f,3//E,V/ and /h/,
/d,t/,/b,p/ and the groups/n,m/./1/./t/.
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Fig.2. Representation of dissimilarity

between Bulgarian consonants as
hierarchical clustering scheme

" DISCUSSION
In this section we relate the present
results to the representation of consonants
in terms of clusters and trees, and the con
cepts of family resemblance and prototypica
lity on the basis of Tversky’s contrast mo-
del/23/. There is well-known correspondence

Table Z.Characteristics of Bulgarian
. consonant classes
Class Family

resemb.R . Prototypicality P
T 2,22
11 3,44 2,38n,2,36m,2,13¢
III 3,90 3,2 ,3,25,3,12#,3,119,2,87v
v 4,34 3,41 ,3,28d4,3,20t,3,11p
A 5,08 .3,8Y ,3,87.{1; ,3,812,3,664
VI 5,32 4,08dz,4,07s,4,9 ts,4,93z

Note. I1he calculations of R and P were
conducted according to /23/

between the classes and features Oor proper-
ties of the objects belonging to the class.
This correspondence provides a direct link
between the clustering approach to the re-
presentation of proximity data and the con-
trast moael. The feature tree can be inter-
preted as a hierarchical clustering scheme
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Table 1 (continued)

d t h m n 1 T
2,78 2,50 2,70 2,90 2,70 2,61 1,77
1,95 2,66 3,58 3,08 2,87 2,67 2,20
2,20 2,28 3,23 2,72 2,84 2,91 2,23
2,67 3,14 4,81 1,85 2,43 2,80 2,59
3,12 2,85 3,64 2,31 2,94 2,20 2,14
2,26 3,05 4,58 2,51 2,94 2,57 2,17
3,79 2,72 2,81 2,31 3,17 2,19 2,05
3,46 3,84 4,10 2,67 2,48 2,29 2,50
5,33 3,93 3,09 2,20 2,16 1,90 2,01
4,53 5,07 4,42 2,35 2,54 2,38 2,33
4,73 3,01 2,96 2,04 2,37 2,16 2,09
3,35 4,95 3,82 2,28 2,22 2,30 2,23
5,32 4,58 2,91 2,02 2,58 1,70 1,87
4,61 4,55 3,57 1,88 2,41 1,71 2,32

5,64 2,71 2,09 2,24 1,86 2,08
3,29 3,26 2,12 2,42 1,79 2,10
4,87 4,63 2,04 2,83 1,80 2,71
5,39 5,72 5,39 3,91 3,17 2,29
5,16 5,20 4,92 4,25 3,24 2,21
5,46 5,37 5,47 5,00 4,83 2,44
5,20 5,42 5,32 5,73 5,26 5,40

where each arc lenght represents the weight
of the cluster consisting of all objects
that follow from that arc. It is known that
similarity is a relation of proximity that
holds between two objects or concepts, pro-
totypicality (P) is a relation between an
object (concept) and a class, family resem-
blance (R)is a network of similarity relat-
ions that link the various members of the
class. Clusters form so as to maximize si-
milarity of objects within the class and
dissimilarity of objects from different
classes, therefore the class with higher fa
mily resemblance separates earlier in clust
ering. Table 2 reflects the measures of fa-
mily resemblance of the consonant classes,
and the prototypicality of the class mem-
bers. The relation between family resemblan
ce and each cluster is represented graphic-
ally in Fig.l1. The arc lenght of the clust-
ers is inverse to R and shows that the class
with the highest R forms first, The correl-
ative pair including the class member with
the highest prototypicality attracts the
nonpaired members (the pair/f,v/ attracts
/h/). The order of the correlative airs
separation from the tree stem (Fig.g) is
closely related to the pair similarity and
the difference (S-D) between similarity and
dissimilarity. The correlation between pair

similarities and differences (S-D) is -0,94.

There is no correlation between pair simil-
arities and dissimilarities ( r =-0,50),
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and between pair dissimilarities and dif-
ferences (S-D)( T =076).These findings im-
‘ply that the salience of the feature chan-
ges in the pair so that difference(S-D)and
similarity remain in linear relation.

The organization of the 21 Bulgarian
consonants in the perceptual space can be
well interpreted in terms of the proposed
phoneme model. In support we would like on-
ly to mention that there are relations
among psychological axes, family resemblan-
ce, features, and physical properties of
the consonants, and that time is the 1link
connecting difference (S-D), order of pairs
separation, and the distinctive feature of
voicing.
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