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ABSTRACT

A special phonetically based method in gen-

erating artificial monosyllabic words was

developed for audiometric measurements.

Using this synthesized material, the hear-

ing capacity and the speech perception and

understanding level of children can be

judged easily. It is very important to ex-

amine regularly the hearing capacity or

children and the evaluation of speech

understanding level from the point or view

of learning writing and reading in school.

The speciality of our artificial words is

in their lowhredundancy acoustic structure

and in the special frequency structure.

INTRODUCTION

There is a close connection between the

articulation and perception bases of the

process'or speech acquisition. The initial

development of perception and understand-

ing abilities precedes that of speech pro-

duction, but this difference between them

subsequently decreases: their further de-

velopment is assumed to take place in a

permanent interaction. The bases of speech

perception and understanding is hearing;

this does not mean, however, that good

hearing automatically ensures the normal

processing of speech perception/under-'

standing. That is why regular examination

of hearing and understanding is very im-

portant, particularly in the early years
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when acquisition or the mother tongue is

in progress. The identification or speech

production problems is easier than that of

speech perception/understanding ones. The

normal communication situations provide a

better opportunity for adults to detect

the speech errors of children, revealing

articulatory or grammatical problems. How-

ever, pegcgptign_and[o£ gngegstanding[gom-

prghgngign_dit£igultieg can gema1n_hidgen

Regagsg gr_vgriogs_sgpplgmgntagy_and_cgm-

pensgtgry gtgategigs or children. This

fact leads to delayed diagnosis and to dir-

ficulties in carrying out the appropriate

corrective procedures. There are a lot of

well-known problems related to the hearing

measurements and mass screening oi chil-

dren between the ages of 3 and 7. What are

the criteria that a suitable method for

auditory screening or these small children

has to meet? First: the signal that is

given to the child's ear should be natural

and familiar for him. Second: the measur-

ing task should be easy'to understand,

that is, we should make it easy for the
child to understand what he has to do dur-

ing examination. Third: the measuring meth-

od should yield the highest possible a-

mount 0: information about the hearing me-

chanism operative between 200-8000 Hz.

Ehsss SXBQstétl°2§_filfi_€ll_!2t_h2 2Q! 29!
gcgegning prgegdgrg:_the_0:0:fi_szs£eg.
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METHOD AND MATERIAL

0n the basis of the results of a percep-

tual examination of Hungarian speech

sounds whereby the values of their invari-

ant cues are determined [1], the process

of speech understanding can be further

studied: the hearing mechanism and the lev-

el of recognition of words can be examined.

The examination of the two processes can

be combined if we produce speech material

which only involves acoustic values corre-

sponding to invariant features (or hardly

more than that). This condition is satis-

fied by computer-generated, artificial

speech based on perceptual data.

Speech as an auditory stimulus is familiar

for children, and repeating sound-se-

quences is a natural task when the child

acquires his first language, and repeats

the words of his mother. Human speech is

suitable for judgement of understanding

level, but the speech-audiometric results

cannot give exact data about the hearing

capacity or about the extent and type of

impairement, because natural speech is

very redundant as to its frequency struc-

ture. The redundancy of speech means that

speech sounds contain far more building

elements than would be necessary for under-

standing. That is why natural speech can

be understood in the case of certain hear-

ing impairements: the redundant elements

give an opportunity to guess the meaning.

Our specially synthesized words contain

only the necessary frequency components of

each sound. The difference between the nat-

ural and synthesized words is only in the

redundancy of the frequency structure (cf.

Fig. 1). In spite of this difference they
sound very similar. The speech perception

threshold proved to be the same as the nor-

mal one obtained by using natural words.

How does the screening function of the ar-

ing has to analyse data of quantity E to

understand the word bus. But the acoustic
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Fig. 1. Acoustic structures of nat-

ural and synthesized German word Busch

structure of natural speech is highly re-

dundant, i.e. it contains significantly

more information (data) in the speech

than is necessary for its safe recogni-

tion. But the word Egg contains data of

quantity §_y. The data surplus (z) becomes

stored and can be immediately called out

in case of any kind of ’disorder' (9.3.
noise), to provide supplementary informa-
tion. 0n the other hand the word 235 we
synthesize hardly contains more informa-

tion than the necessary quantity g. There-
fore,1n case there is some ’disorder’ at
any point in the recognition process (heafi
ing loss, central problem), gix would
make identification possible, but g itself
does not, where comprehension will be mis-

taken (to some extent). Th2 gogpzeflefisl°fl
flf—afilasal aeau2n2e_csniainins iniozma-
lign 5 £eguirgs_the_p£oge§sing gf_all_1g-

IQIm2t1°2 ln_3_22t£qgtly_sgund_f2shignu
e.g. by the help of normal hearing.

To provide a basis for the G-O-H method,
a special test material was constructed

the words were as follows: (i) the mono-

syllabic words should have two or three

speech sounds without consonant clusters,

(11) the words should contain speech sounds

where the frequency parameters seem to

serve as an acoustic cue for their identi-

fication, (111) the test material includes

three types of words containing only high-

frequency sounds (like [sy:z]; words con-

taining onl/ low-frequency sounds (like

[bu:]); words containing both high and low

frequency sounds (like [bus]); (iv) an ef-

fort was made to collect a material ex-

hibiting almost all Hungarian speech

sounds in different sound-contexts and

phonetic positions, (v) most of the werds

should be familiar for children of ages

3-7, however, the sample should also in-

clude a few items that are meaningless

sound-sequences for the children. Atten-

tion was also payed to the order of the

words: low-frequency and high-frequency

words alternate with one another. So all

children have an experience of success,

because they can understand and repeat

correctly at least every second word. This

is important for good co-operation between

the child and the examiner.

The three frequencies (500, 1000, 4000 Hz)

used in pure tone audiometry seem to be

very insufficient for the evaluation of

speech understanding level. In normal hear-

ing the acoustic information received at

hese frequencies accounts for some 60% of

understanding. This means that, in cases

of hearing losses at other frequencies,

the child - screened and judged to have

normal hearing - cannot understand speech

correctly. Our G-O-H method solves this

problem as well. Experiments were carried

out with the G-O-H test material in clinic

and day-care-centers with the participa-

tion of 400 normal-hearing and 150 hearing

impaired children. People with normal hear-

qually well. But the hearing impaired pa-

'tients cannot correctly understand the-

synthesized words because of the lack

of redundant building elements.

RESULTS

Speech synthesis gives us an opportunity

to define the desired frequency bands in

speech sounds. These facts lead to the

perceptual/understanding differences be-

tween the normal hearing and impaired

hearing listeners. For example, a high

frequency hearing impaired child with

hearing loss above 5000 Hz cannot under-

stand the word [sezl] ’wind’ if the noise

component of the initial consonant of the

word is above 5000 Hz. In this case, the

child receives acoustic information that

he identifies as consonant like [f,h] or

Lt] depending on the extent of the hear-

ing loss of the child. In the case of a

slight hearing loss above 5000 Hz, the

child will identify the sound-sequence as

[fe:l] ’he is afraid of sg’ which is an

existing Hungarian word. In the case of

somewhat more severe loss of hearing above ‘

5000 Hz, the child will identify the :

sound-sequence as [hezl] which has no mean-

ing in Hungarian, and with more severe

loss he will identify, instead of the

spirant [s], a stop consonant like [t,p]

or [k]. In the case mentioned, the child

identifies the word as [te:l] ’winter’,

because it is a frequent item in childrafs

vocabulary (Figure 2 shows a German ex-

ample). From the answers of the listeners'

judgements can be made about the extent

of their hearing losses. The answers are

regular consequences of hearing losses,

they are not results of imagination. (Ex-

periments with filtered words confirmed

us about these regular changes in percep-

tion.) Mass-measurements were carried out

tificially produced words work? Let us sup- which involved $4 meanin f llabic
pose that the system of speech understand- ' g “1 monosy

Hungarian words. The criteria for choosing

ing understand both human speech and the together with a control pure-tone audio-

special synthesized artificial words e- metry corresponded to he results gained
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by the G-O-H method. This method, however,
gave information about the understanding

level as well. (In some cases the child
did not co-operate in pure-tone audio-

metric examination, but he repeated the

artificial words of the G-O-H device, so
his hearing could be measured.)
Ila
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Fig. 2. Changes of possible responses

in the case of different hearing losses

The possible answers of normal-hearing and
impaired listeners were predicted theoreti-
cally on the basis of perceptual investiga-
tions concerning the acoustic cues of Hun-
garian speech sounds. Then, laboratory and
clinical experiments were carried out, and
the theoretically established types were
slightly revised on the basis of the data
obtained. Finally, the possible answers
were arranged on an answer sheet according
to the degree of hearing losses (Table 1).

Table 1. The Hungarian answer sheet (part) of the G-O-H s

Twenty monosyllabic German words have been
developed so far in our laboratory. These

synthesized words _are suitable for

application the G-O-H method in German too.
Experiments were carried out with German-
speaking children in kindergartens in Aus-
tria.

For the everyday use of this procedure,

a measuring set has been developed. This

portable case contains a playing system,
a tape with the artificial words, an an-
plifier, a headphone and answer sheets.
More than 150 of these sets with G-O-H _
system are being used in Hungary. To carry

out the examinations there is no need for
any expert, physician, phonetieian or au-
diologist; it can be used by nurses, kin-

dergarten teachers, speech therapists and
so on.

The G-O-H method is a good tool for (i)
finding out whether the child is mature
enough to acquire writing and reading,
(11) detecting hearing problems, (iii)
learning if the child with speech errors
has perceptual problems too or not, (1V)
detecting dyslexia, i.e. the disturbance
in writing and reading.

ystem for measuringthe hearing capacity from 200 H2 to 8000 H2
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The possible answer categories are the REFE.ENCE
following: I. good hearing; II. slight
hearing problem; III. hearing problem is
probable; IV. hearing problem is certain,
urgent clinical examination is required.

merése,
. [I] 563?: Méria; Magyar beszédhangok £6115-
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