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ABSTRACT

The purpose of the study was to
analyze cerebral asymmetry in speech
sound processing. It is suggested that
dirference in hemispheric ability is
of a qualitative nature: left hemisphe-
re provides for correct phonemic analy-
gls.while right hemispheric competence
18 1n prosodic arrangement of speech
material, its quick global recognition.
The research was performed in normal
subjects and in patients of psychiatric

c;inics after unilateral electroconvul-
sive therapy.

In the beginning of the century
the outstanding neurophysiologist
I.P.Pavlov end the no less prominent
hand in the science of language
L.V.Shcherba were surprisingly unani-
mous in suggesting that tc xnow the
laws of a functioning system one must
examine its disturbances. I.P.Pavlov's
words refer to the complex forms of
brain activity, while the words of
L.V.Shcherba - to language. Emerging
in the middle of the century, neuro-
linguistics seems to integrate both
applications of the idea. On the one
hand, while studying disorders of speech
processing caused by pathology it reve-
als cerebral organization of speech
functions, on the other - the dats ob-
tained in this way explain many dispu-
table questions of linguistic system
structure. Among the founders of neuro-
linguistics one can name two eminent
experts of science of this century -
philologist R.Jakobson and neuropsycho-
logist A.Luria. It was they who demon-
strated the great value of "negative
data" - both linguistic and cerebral.

Aphasiological tradition has postu-
lated that all linguistic skills are the
functions of the left hemisphere (LH),
while the right hemisphere (RH) has no-
thing to do with language. The last de-
cades produced a lot of data undoubtedly
prov ing the fact of RH involvement in
speech processing. Nowadays it is a gene-
rally accepted thesis though accompanied
by alternative viewpoints: (1) the abili-
ties of RH are duplicating those of ILH,
the difference lying in the degree of
functions duplication (in full or in
part); (2) the difference in hemispheric
abilities is of qualitative nature - each
contributing to speech activity. We adhere
to the second viewpoint. The purpose of
the present research was to reveal the in-
volvement of each of the two hemispheres
in phonetic material processing. Two pro-
cedures were used.

I. lonaural testing of normal subj-
ects. The method enables one to see the

h§m1spheric dominance for verbal proces-
sing (perception). Lists of words and
nonsense words were presented monaurally
tq both left and right ear in turn. Reac-
tion time (latent period between stimulus
and response) was registered. A hemisphe-
re was decided to be dominant for the
gnalysis if reaction time for the stimu-
%us heard from contralateral ear was shor-
er.

II. Testing of linguistic skills af-
ter unilateral electroconvulsive therapy,
used in psychiatry. The seizures were ad-
ministered to patients of psychiatric
¢linics. By this means develops a situa-
tion when for 30-50 min one hemispherc of
the patient is suppressed end incapable of
normel activity while the other one is in-
tect and even reciprocally aided. Every
patient has been subjected to both right-
and leftsided shocks; it was possible to
Juxtapose the suppression effect of LH
end RH in one and the same subject, as
Well.as to compare it with speech functi-
ons 1n patient's normal conditions. The
table below illustrates monaural testing
that points to the fact that there are no
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ifi i rences in reaction
somificant ear diffe L :
iiiﬁ %or presented nouns, adjectives and

verbs.

MEAN REACTION TIME
STIMULI
RIGHT EAR LEFT - EAR P
NOUNS 914 ¢ 918 £ 5 > 0,05
ADJECTIVES 784 + 789 t 4 > 0,05
VERBS 778 % 773 t4 >0,05
ean reacgigﬁ g28 4 827 t 4 >0,05
NONSENSE ,
WORDS 1022 t 4 1043 £ 5 £ 0,001

This suggests that the dggrezagf
each hemispheric invqlvgment lnaie
ningful words snalysis is the 3 .
The perception of nonsense wor itg' The
duces completely different resuh n'the—
reaction time is much sho?ter whe
se are presented to the right gaiﬁ It
which show s dominating role of t:on
should be mentioned that the reac ;ds
time needed to process nonsense woea-
is much longer than that for'thg Ehow
ningful words. The data oftained
two mein differences in proces51n§ are
words end nonsense words: (1)hwggmis—
aqually well processed by both mie- M
.heres, while nonsense words 1nvo i
t Y g (2) To analy
to a much greater degreee. analy
ze nonsense words one needs more tine
What lies at the basis of such a lbtai-
ference? Let us consider the data g tal
ned after the suppression ol one ©
hemlsgggr:;;mination of verbal mateiﬁal
discrimination revealed that afﬁezords
suppression the comprehension O ) nantél
logotomes and phonemes (both con.,omenon
and vowel) is impaired. Thils phenoces.
is inf%wey due to hearing dlsturb§2t0r§
the sensitivity tests show no a? Lro
deficit depending on_tﬁe side o
hemi ic suppression. .

Sggigéiantpgnd vowel dlSCTlMl?gﬁégﬁg
analysis gives grounds for unc}ers_rment
the reason of discrimingtlon lmpiieétes
after LH suppression. Flg.1 @emoo% S hen

typical failures in rec?gnltlo%'tutions.
ech sounds, i.e. phonomlc_subs i o

It can be seen that in tpelg 1b30k
mal conditions patients substitute
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i i onition of speech
ir.1. Failures in recognil ¢
z;gnds after unilaterial gcfowmgigr£§:nt

. types. The scheme; elo it
%ﬁingtaié of subjects (inactivated hemis

-here is black).

icel=2gs conso-
by front vowels, volce.= Sons
ngi;sbyyvoiced ones, %ent;liogy gilzpe
i tals. bTr s -
bials, velars by.dgn rrors e rin
ech sound recognition are, !
te the reverse,
no way due to chance, quk e
kind of regulariiy
they demonstra@e a eguler Y
g e neutralization of some P
ggpigitions. After LH suppr:iiiinwgﬁi the
unt of errors increases &
zggening of the ra?ge gfwiiioigékfsggzls,
are now confuse :
XZ§§i§ with bilabiglg, diqtzgzg;t?eggiazi
etc. Accordingly LH inac ldiscrimination
a considerable decline in d nat
ili logical sys
ebility ceused by phgng gloal S¥e o ive
i der end incapablllyy of ;
?;Zzire analysis. W?gt lsflgigiz;?z zzpo_
that the neutralization O e oPPa
iti observed after LH suppr ion,
itzégnzeen in patents'.normal Cond;tloﬁias
The change in the ability of igiegs i% a
iti RH suppress ] .
recognition after R ression 48 of %
i nature: its facilita ]
géﬁiigigg by fig.1. Misinterpretzﬁgogi
t voicing -
concern cnly conso_nal e
i front vowels. Suc
xing of high back or > wels. o
i1itation of functions & )
guggiéé;ion is due to LH reciprocal ac
tivatig%.us consider now the invest@ga—
tion of phoneme boundaries.for s?at19nay¥h
vowels. We used 46 vowel—l}ke stlmulldw1
constant F3 and F4 and varla?le M an )
F2. The subject had to classify each pre
seﬁted stimulus as one of the phonemes.e_
The control testing revialegytggszigzdgin
o o
neral regularities as alread Vel om
i i i -mal subjects. Nel
investigation on norma oS vas
r RH inactivation affecte
ggggoformant position. On Fhe other hap%h
there occured remarkable dlffeyenceg_w12)
regard to magnitude of uncertainty(fig.
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Fig.2. Zones of
uncertainty (X i
tne sagions of pionins voutasrlss 1
ECT. (I) and -
formance by the left and rigﬁilgaieggs

pectively. T
in Fig.1¥ he schemes are the same ag

Thus, after LH
gggge of areas of u2225§:§810n the
werw considerably; ney t
we :om;gt gutspoken in the regiongeyl
e fo T .h n our opinion it is the g >
Sult of phonemic classification i i
latea tow1ng tpat F2 is closel orron
lat undg t?e dimension front-bzcgorre“
gan und rstand the impairment of fwe
D oy wels discussed earlier. Th -
pres dgn of RH leads to narro&in *or
certaing;ppiagange) of the areasgogoin
rizatéon imp;i;megt?he phonemic catego-
n the whole LH in
: . activati
rusts, o phonclogion) Gysten Gidtnde:
state when the gbili v 5o inrrahuman ,
; ility to
32%?g§1cagce of F2 isylost%nggrpigt e
vation aﬁo IH fgnctions improvemen€0ti-
ads ig nological coding facilit e
eve condigggg:re%hwith patients' n§§3°n
. us th .
that phonological codinz igegﬁicguﬁhggs
cti-

a8 different nind: it proceeds wi
ghogemlc encoding. Inpwhat %Zleﬁgouﬁ

ost probable procedure is to t k e
wirg as a whole unit, to use &g }E;iedthe
%eoial, Gestelt perception strat e

8 certaqn evidence to prove fsy.Th&
§§seapcb points to the fact tl*ua.tdv'};‘The
te:c§;m}natxgn of words and syllat;llle
ke mistlgaCtlvatlon improves, the n&gbﬂ:
increasg ?s of certain types drasticdﬁr
Inore bes.‘phonemes, syllebles and accyt
gould be Tlsplaged and the former mmsms
sven to afly omitted. Similar mistekes
et e ound.ln patients' spontaneou
thmicalproductlon; these are: wrong ﬂf
thmic patterns both of words and sey-
levanzi monotonous or, vice versa irg-
cpve rg agqentuated speech. Expe;immﬁ-
disfugct§o ic perception impairment-wi%
intonati1onal RH the identification.of
grammatiggil patterns - both rendering
e andmeanlngs ~ interrogative, in-
Deeiel) dgclarative patterns o;
considegéhimOtlonal moods - decreéses,e$
S et Y. Under these conditions dis-
familiaryagfgi_?gle/female, young/old,
ot illiar voices becomes im-
Fig.3. illustrat

. : es the per i
wgﬁﬁhﬁigcgiﬁgigro?uged phonerlrjle g ?gl;:}lg?i?f
tal frequencies% g end low) fundaner-
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were produced by a male or a female but
easily identified phonemic quality of

the stimuli. On the other hand after LH
inactivation the phonemic quality iden-
tification was impaired while pitch
recognition became more accurate in com-
parison with patients' normal conditi-
onse
The experiment demonstrates how
hemispheric functions specialize even
in dealing with the smallest sound seg-
ment. We can suggest therefore that it
js the RH that is responsible for para-
linguistic and prosodic perception. It
ig well known that prosodic - supraseg-
nental-features pley prominent role in
the sound shaping of wor
tours distinguish individual words,
whereas intonation contours distin=-
guish different sentence types. Proso-=
dic features arrange elements to form
the units of a higher order: phonemes
- to form a word, words - to form &
gentence. Consequently the global Ges-
talt way of perception must be reali-
zed by RH structures. However,

ds - accent con-

strategy could be used only ror previ-
ously femiliaer gpeech material. It is
impossible to discriminate nonsense
words using this way of perception.

In relation to the theoretical iss-
ues considered in this paper itis obvio-
g that both cerebral hemispheres ta-
ke pert in forming sound ghape of len-

guage. LH provides for correct phone-
bling to reduce sound

mic enalysis, ena
continuum to functionally relevant

gegments. The role of RH is to realize
global or so celled template recogni-

tion.
To sum up, the results of the pre-
sent study suggest thet brain has dif-
ferent mechanisms for speech percepti~-
in. RH mechanism provides for quick
orientation in familiar speech materi-
al. ILH mechanism secures accuracy of
discrimination as well as processing of
unfamiliar speech samples; but loses
in gpeed of perception. Under usual
communicative conditions both mecha —
nisms function simultaneously resulting

in optimum gpeech perceptione.

on of LH. It becom
es clear wh

5§§g:fa21edfor perception og ﬁoﬁg e
Wor mosto iscriminate them one nense
the m theaccurate phonological eneeds
S on re is no other way for tﬁoding,
ceptlo tﬁf non§ense words. Then C o™

at RH's sperh perceptiogeigusg

0

Fig'B- Dis .
wels crimination of . -
/6/and/1/ a5 o  their witen (1) oF

phOnem ’
ic quality (2) after unilateral l

ECT. (I) an
same as in §1élg) and the schemes are the

ATt .
could no:rng inactivation the subjects i
etermine whether the stimuli
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