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Abstract: This paper describes the development of a hearing screening method based
on low redundant synthesized words. Developed in the early 1980s, the GOH method
enables reliable screening of young children’s hearing. A digitally controlled but an-
alog OVE lIllc formant synthesizer [1] was used to build monosyllables, each with a
controlled spectral shape, using the Speech Synthesis Development System developed
in Hungary [6]. The child’s task is to listen to the synthesized word and repeat it im-
mediately. The repetitions and knowledge of the words’ frequency patterns provide
an excellent estimation of the child’s hearing capacity. The method was tested under
both laboratory and clinical conditions, followed by practical applications. Over the
decades, practical implementation has evolved due to technological advancements.
The paper provides an overview of this invention, its realization, development and
results over the past 40 years.

1 Byproduct of phonetic research

There have been numerous inventions throughout human history that were discovered by acci-
dent, such as penicillin, smoke detectors and matches. Similarly, the idea behind the GOH!
hearing screening method emerged accidentally, when Maria Gosy carried out a series of ex-
periments to study the perceptual cues of various Hungarian vowels and consonants [3]. In
these listening tests, both naturally produced and artificially synthesized CV syllables were
used. The synthesized syllables contained significantly fewer acoustic components compared
to their naturally produced counterparts. While one of her subjects correctly identified the nat-
ural syllables, they encountered significant recognition failures with the synthesized versions.
Notably, all fricatives were identified as stop consonants by this subject. Subsequently, it was
discovered that this subject had undiagnosed hearing loss at higher frequencies. These two
observations — the differences in syllable recognition depending on their acoustic parameters
and the listener’s hearing impairment — led the researcher to consider the potential application
of synthesized speech sounds for hearing screening.

1.1 1.1 Practical application possibility

Speech comprehension is based on age-specific hearing level and appropriate speech percep-
tion processes that are decisive for processing the speech acoustic signal [2]. If a child’s hearing
is good, language acquisition is supposed to develop typically. However, in cases of hearing
impairment, language acquisition processes will develop atypically.

Clinical examination of hearing levels in young children can be difficult due to their age,
making standard procedures challenging. The method of pure-tone audiometry has its limita-
tions, and the results are often unreliable. The task would be much simpler for the child if they

! The GOH abbreviation corresponds to the first letter of the names Gosy, Olaszy and the Hungarian word hallds
“hearing’.
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only had to repeat words, a typical, everyday activity during language acquisition. If these
repetitions accurately reflect the child’s hearing capacity, this would provide a simple yet ef-
fective method for hearing screening.

However, naturally produced words are acoustically redundant, their acoustic structures
contain a large amount of extra information (particularly in frequency and intensity) that may
be advantageous for various types of hearing impairment. If words could contain only the nec-
essary acoustic-phonetic cues, they would be ideally suited for hearing examinations. Synthe-
sized words meet this criterion, as they can be designed to include only the minimally necessary
acoustic information with much less redundancy.

2 Developing less redundant synthesized speech

The frequency structure of synthesized speech can be artificially modified to contain less fre-
quency information than natural speech does. For a hearing screening method, specifically syn-
thesized, low redundancy artificial words were developed in Hungary using the formant syn-
thesis technology that was available in the 1980s [6]. The OVE lllc formant synthesizer, con-
trolled by a PDP 11/34 computer (Fig. 1), allowed the use of only three formants (F1, F2, F3),
with narrow formant bandwidths (10 Hz for F1 and 50 Hz for both F2 and F3) when synthe-
sizing vowels and vowels-like speech sounds. Additionally, narrow frequency bands were used
for turbulent noises in several consonants. The frequency bands of these turbulent noises could
be set at different values within the same phoneme category for various consonants. Special
attention was paid to preserving the quality of all synthesized speech sounds to ensure proper
recognition in cases of good hearing and speech perception. The specifically synthesized, low
redundancy words were produced by the first author of this paper.

OVE Illc
synthesizer

Figure 1 The OVE lllc formant synthesizer built into the PDP 11/34 computer

How is it possible to obtain information on a person’s hearing capacity using low redun-
dancy synthesized words? Speech sounds are recognized primarily based on their frequency
structures. Naturally produced speech sounds contain redundant acoustic features that enable
listeners to decode the acoustic message of speech even when some information is lost for
various reasons (e.g., because of noisy environments). The specifically synthesized words are
acoustically less redundant and contain mainly the essential acoustic cues of the speech sounds.
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In the absence of redundant information, these synthesized words can only be correctly pro-
cessed if one has good hearing. The extra acoustic information in natural words allow for flaw-
less processing up to a certain degree of hearing impairment, which is not the case when pro-
cessing synthesized words.

Figure 2 shows an example comparing the processing of naturally produced and synthe-
sized syllables ([a:s]). The spectrograms, from left to right, demonstrate the available frequency
structures for speech sound processing according to normal hearing (audiogram on the left) and
according to hearing loss (audiograms in the middle and on the right). The synthesized vowel
[a:] is misidentified as [0:] based on practically one formant while the naturally produced [a:]
is still recognized as [a:] based on redundant formant information even in the case of serious
hearing loss (right part of the figure). In the same hearing loss scenario, the naturally produced
[s] fricative is correctly recognized due to its extra frequency information, while the low re-
dundancy synthesized fricative, which contains much less turbulent noise, will be recognized
as an [f], another fricative consonant (in the middle of the figure).
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Figure 2. The spectral content and the different recognition of the natural and synthesized words
([a:s] “ace’). The recognition varies depending on hearing ability and different types of hearing
losses. Hearing losses are illustrated by audiograms (left: normal hearing, middle: hearing loss
at the higher frequencies, right: more serious hearing loss). The spectrograms show the available
frequency information according to hearing level. The recognition of the original speech sounds
according to the subject’s hearing (normal or impaired) is shown at the bottom of the figure

The characteristic turbulent noises of fricatives and affricates were synthesized at various
frequency bands (4000 Hz, 6000 Hz, 8000 Hz). Although these consonants with turbulent
noises at different frequencies have slightly different timbres, they can all be recognized as
either the same fricatives or the same affricates belonging to their respective phoneme catego-
ries. Figure 3 shows the spectrograms of the [s] fricative with characteristic noises at 4000 Hz
and 6000 Hz. These provide information on the hearing of certain frequency bands based on
their recognition [4].
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Figure 3. Spectrograms of the synthesized words [a:s] ‘ace’ (left) and [e:s] ‘mind’ (right). The
frequency band of the [s] consonant was set to 6000 Hz for [a:s] and 4000 Hz for [e:s]
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The invariant frequency cues and the redundant (surplus) frequency information were care-
fully defined for each speech sound in each context (based on the second author’s experiments),
see [3]. These low redundancy synthesized speech sounds of Hungarian meaningful monosyl-
lables were used in several experiments under laboratory conditions (frequency filtration meas-
urements, various perception tests) followed by a great number of tests under clinical condi-
tions. The participants in clinical examinations were children both with normal hearing and
with various types of hearing impairments. Finally, various experiments were conducted in
kindergartens and at schools, using synthesized words [4, 5].

2.1 The synthesized words

Hungarian monosyllables (containing 2 or 3 speech sounds of CV, VC and CVC types) were
selected to provide the synthesized speech material for hearing screening. The speech material
consisted of 40 words that were divided into four groups, containing 10 words each, such as
meggy [mej:] ’cherry’, mos [mof] ‘/h/she/ washes, szék [se:k] ‘chair’, si [[i:] ‘ski’, bu [bu:]
‘sorrow’. The words covered the frequency range between 250 Hz up to 8000 Hz. Familiarity
with the words for the child was not important, as repeating words with unknown meanings is
an everyday task during language acquisition. A six-second pause was inserted between words
to provide time for the child to repeat the synthesized word.

A German synthesized word material was also developed using monosyllables, such as
Ball ‘ball’, Kuss ‘kiss’, Spiel ‘toy’, Maus ‘mouse’, Zehn ‘ten’. For the German synthesized
word material, two groups of words (a total of 20 words) were compiled. This material was
used only in laboratory experiments. Findings supported, however, that the principle of hearing
evaluation based on low redundancy synthesized words works also in the case of the appropri-
ate German monosyllables.

2.2 Results of clinical measurements

Following the laboratory experiments, clinical examinations were carried out using synthe-
sized word material. These experiments involved more than 1500 children with various types
and degrees of hearing impairment (ages between 3 to 10) and 900 children with age-appropri-
ate, normal hearing of the same age. The results of pure-tone audiometry and tympanometry,
i.e., impedance audiometry, were compared to the recognition performance of the synthesized
words [4].

The correct recognition of the synthesized monosyllables at an average intensity level of
50 dB suggests that the subject’s hearing threshold curve falls between 0 and 10 dB according
to pure-tone audiometry, indicating normal hearing. If there is a hearing loss, shown by a down-
ward shift in the hearing threshold curve, the recognition of the synthesized monosyllables will
be incorrect. A strong correlation was found between the correct recognition of the synthesized
words and the intensity level of the threshold curve [4]. Conversely, experimental results con-
firmed that the threshold curve could be estimated from the recognition performance of the
synthesized monosyllables. The estimated threshold curves, based on the repeated monosylla-
bles, closely matched those obtained by pure-tone audiometry with a maximum 5 dB margin
of error.

The children’s repetitions of the synthesized words were compared with the measured val-
ues of tympanometry (compliance and pressure). Findings showed a medium correlation with
compliance in cases of 40% or more incorrect responses. The pressure values from tympa-
nometry also confirmed a medium correlation between the children’s responses and the objec-
tive values. Not a single child was found to repeat the synthesized words correctly and have a
threshold curve falling outside the domain of normal hearing, or have abnormal tympanometric
measurement values. The clinical measurements and comparisons with the GOH method con-
firmed that specifically synthesized monosyllables are suitable for screening children’s hearing
of various ages.
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3 The hearing screening procedure

When testing a child, the low redundancy, synthesized Hungarian words are administered
through headphones, one ear at a time. Ten synthesized words are used to measure the child’s
left ear and another 10 synthesized words are administered to the child’s right ear. The task of
the children is relatively simple. They have to repeat what they heard during the six-second
pause that elapses between two words. The task of the examiner is to mark the child’s repeti-
tions on the evaluation sheet and calculate his/her performance (see the details in 3.1). The
scores of correctly repeated synthesized words are calculated for each child and for each ear
(see the details in 3.1). Based on the child’s repetitions his/her hearing capacity can be evalu-
ated. The measurement (both ears) takes 5-6 minutes per child (slightly depending on the
child’s age).

3.1 The evaluation sheet and hearing evaluation

The GOH evaluation sheet contains four columns that represent four hearing levels from good
hearing to serious hearing loss, allowing for easy evaluation of the child’s hearing capacity
(Fig. 4). The first column represents normal hearing, the second one represents possible slight
hearing loss or speech perception deficit, the third column represents probable hearing loss
while the fourth one represents definite hearing loss. Each column contains Hungarian words
and non-words (meaningless sound sequences) that were repetitions produced by several hun-
dred children with and without hearing losses [4], such as szé [s0:] ‘word’, szur [su:r] /s/he/
pricks’, szul [su:l], szor [so:r] /slhe/ flings’, szér [se:r] hair’, szii [sy:], sziir [sy:r] ‘/s/he/ fil-
ters’ for the synthesized word szu [su:] ‘wood-beetle’.
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Figure 4. Part of the evaluation sheet containing both the possible responses to the synthesized
words and the markings that refer to the repetitions of the examined child. The table heading
refers to the hearing capacity from good hearing to definite hearing loss

The repetitions correspond either to normal hearing (Column 1.) or to various extents of
hearing impairment (Columns I1., 111, IV.). For example, the erroneous repetitions of the word
zsir [3i:r] as either fur [fu:r], or fop [fop] or fut [fut] (Column I1l.) indicate that the 2000 Hz
noise band was not heard appropriately by the child, suggesting hearing loss. Similarly, erro-
neous repetitions of the same word as either u¢ [u:t] or up [up] (Column IV.) indicate a definite

192



hearing loss at the same frequency. The more severe the hearing loss, the higher the column
number containing the repetitions. Clinical measurements have supported the significant cor-
relations between the repetitions of low redundancy synthesized words and the hearing level
of the child [4]. Consequently, the child’s hearing capacity can be evaluated based on the
marked responses of the evaluation sheet.

The examiner’s task is to record the child’s responses on the evaluation sheet (circled or
underlined) according to the appropriate column where the prewritten word/non-word can be
found. If the child’s repetition is not on the evaluation sheet (for example the synthesized word
sip [fi:p] ‘whistle’ is repeated as sép [[e:p] or siik [[y:K]), the examiner must write it in the
appropriate column (in this example, Column 11.).

How should the marked responses (circled in Figure 4) of the examined child be ex-
plained? The absence of markings in the first column indicates a problem with the child’s hear-
ing (or speech perception) since all his repetitions were erroneous. The four repetitions in the
second column (begy, gu, bu, dér) indicate mild hearing loss and/or mild speech perception
deficit. Another four repetitions marked in the third column (so, bél, fut, fir) indicate probable
hearing loss at certain frequencies. Two repetitions found in the fourth column (af, #z) indicate
definite hearing loss at specific frequencies. This child should be sent immediately for clinical
examinations.

It is important to emphasize that no special knowledge is needed to conduct the GOH
measurement. The examiner does not need to know the frequency values of the synthesized
speech sounds that the words consist of. Therefore, clinical assistants, childcare experts, speech
therapists, kindergarten teachers and schoolteachers, among others, can use this hearing screen-
ing method in their everyday practice. Having tested the child, the markings on the evaluation
sheet will indicate to the examiner whether the child should be sent to a clinic for further ex-
aminations. The GOH method is a very useful screening tool that enables the recognition of a
child’s hearing impairment at a very young age. However, it does not replace the clinical meas-
urements.

4 Everyday use

The measurements are proposed to take place in a quiet chamber but a camera silenta is not
necessary, a tolerably quiet room is sufficient. For mass screening, two fixed volume levels
were defined for the synthesized words to be administered into the child’s ear. (i) The volume
level was set at 50 dB SPL (on average) for measurements in a quiet chamber, while (ii) a
higher volume level of 60 dB SPL (on average) can be used for measurements in typical room
conditions. The examiner can choose the appropriate intensity level for hearing screening.
Over the last 40 years, three different models have been developed for the practical application
of the GOH hearing screening method. These developments resulted in three generations of the
hearing screening device.

4.1 First generation

The GOH method was ready for mass hearing screening by the mid-1980s, necessitating
an appropriate portable device. The following criteria were taken into consideration. (i) A port-
able device that contained accessories for hearing screening using specifically synthesized
words was needed. (i) The portable device needed to represent the cutting-edge technology of
the time in Hungary. (iii) The measuring set needed to be easy to use with children. (iv) The
weight of the device needed to be appropriate for carrying it.

The first generation of the GOH devices worked analogously using high-quality cassette
tapes that were suitable for playing words (but not for recording speech). Each device looked
like a specific bag and included a high-quality built-in cassette tape player, a high-quality cas-
sette containing the 40 synthesized words, a self-developed amplifier, an earphone, an adapter,
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100 evaluation sheets, 4 color picture sheets (for examining children with speech defects), and
a pen. The first-generation device weighed 3 kg and was either red or silver-colored (Fig. 5).
Figure 6 shows a testing setting including the hearing screening device with the GOH method.
Over three years, 650 devices were sold in Hungary.

DISPLAY UNIT

EVALUATION SHEET
SWITCH TO
LEFT-RIGHT EAR

VOLUME SWITCH

Figure 6. Testing a child’s speech perception and comprehension processes including hearing
screening by the GOH device in 1986

After a few years, the design of the device was modified for several reasons (Fig. 7); how-
ever, the main features remained unchanged. The new design featured a grey colored bag that
was smaller than the earlier devices, and weighed only 2 kg. The developers used a different
type of cassette tape player with built-in-colored play indicator lights that lit up when the syn-
thesized word was played. Figure 7 shows the closed and open bag (left side) and the bag with
the usual accessories for children’s hearing screening (right side). By the end of the 20th cen-
tury, a total of 2403 portable devices of the modified version were sold in Hungary.

4.2 Second generation

By the end of the last century, digital technology had become more advanced, prompting de-
velopers to transform the GOH device into a fully digital one, named “Mondom 2000” (mean-
ing “I tell you”). A microcontroller chip was programmed to run the word playing procedure,
and the synthesized words for the measurement were digitalized and stored on an EPROM. The
size and weight of the instrument were drastically reduced (Fig. 8), weighing only 220 grams.
Serial production began in 2000.

The second-generation device had no buttons or switches on its surface. Pressing the
marked circle areas served to start and stop playing the words, or to select the tested ear and
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the desired volume. This new device played 10 synthesized words continuously out of the total
of 40 before halting. The desired 10 words could be selected by pressing the marked area la-

belled “Group of words” while the number of the currently selected group appeared in the
upper left number window.

EVALUATION SHEET

PLAYING MECHANISM PLAY INDICATOR LAMPS

SWITCH TO TAPE CASETTE
LEFT-RIGHT EAR

Figure 7. Serial production of the portable GOH method

PLAY INDICATOR LEDS

GROUP OF WORDS
SERIAL NUMBER OF
PLAYED WORD

LEFT-RIGHT EAR

ELECTION
VOLUME SELECTION REESETIO

GROUP OF WORDS  BACK PLAY GROUP STOP
SELECTION

Figure 8. The digital GOH device in 2000 with the accessories (above) and the English equivalents
of Hungarian labels (below)

The serial number of the currently played word appeared in the upper right number win-

dow. The play indicator lights up when the word is played, allowing the examiner to follow the
measuring procedure. Due to the size and weight of this new device, no bag was needed because
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the digital GOH device could easily be put into the examiner’s own bag, along with the head-
phones and evaluation sheets. Over the past 23 years, 1580 digital GOH devices were sold in
Hungary and in some neighboring countries. The first- and second-generation devices were
developed by the first and the third authors.

4.3  Third generation: the GOH software

Following advancements in computer technology, a software version of the GOH hearing
screening method was developed in 2024 for Windows (Fig. 9). Matyas Bartalis, a researcher
at the Budapest University of Technology and Economics, Department of Telecommunications
and Artificial Intelligence, carried out the programming.

Users of the GOH software can navigate by clicking the written words in the rectangles
(e.g., start, right ear, left ear, volume, stop) indicating the desired operations during hearing
screening. After the 10th word, the program automatically switches from the right ear to the
left ear and plays the second group of 10 words. The serial number of the given word appears
in the current ear window. The package contains GOH software, headphones and evaluation
sheets.
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Figure 9. The screen of the GOH software

5 Retrospective experiences

The reception of this new hearing screening method was a real success among both ENT clini-
cians and pedoaudiologists as well as speech therapists, teachers, health visitors and various
other experts who used it during the past 40 years. Many children with hearing problems were
identified and referred to clinics in time.

The easy procedure and quick administration of the GOH method, along with the chil-
dren’s reliable performance, resulted in the early identification of various ear and hearing dis-
eases when no other symptom was apparent. Experiments involving 644 Hungarian-speaking
children (ages 4 to 8) revealed that more than 4% of them showed mild or serious hearing losses
requiring immediate audiological attention [5].

In some cases, early detection of serious otitis media — when children did not complain of
any pain — prevented further deterioration of their hearing system. During the hearing screening
of very young children (aged 3 to 4) in kindergarten conditions, it was revealed that one child
had complete deafness in one ear, previously unknown to the parents.
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Lastly, let us recall a very peculiar case. A speech therapist had been working with a child for
years due to serious articulation deficits. Despite the child’s typical intelligence, cooperation
and a supportive family background, the speech therapist did not achieve the desired success
in remediation. By age 6, the child had been tested several times for hearing capacity, but no
impairment was detected using pure-tone audiometry and tympanometry. At this time, the
speech therapist used the synthesized words of the GOH method on the child. Surprisingly, the
child could not repeat the words correctly. Based on this result, the child was thoroughly ex-
amined, and a growing (benign) tumor was found in his brain. (The child underwent successful
surgery.) While the GOH method is only suitable for hearing screening, but in this case, the
inability to repeat the low-redundancy synthesized words revealed a serious underlying prob-
lem.

6 Conclusions

Digital technology, including speech synthesis, has reshaped phonetic research and diverse
speech applications. The GOH hearing screening procedure represents an important and useful
invention. The devices of the first and second generations have been successfully used in eve-
ryday practice. The recently developed software version opens a new era, making it possible
even for parents to check their children’s hearing capacity at home.

The aim of a historical overview is to share the experiences, attempts, findings, and
thoughts of predecessors with new generations. The GOH method has a relatively short “past”
(altogether 40 years); however, its development from the first idea to a portable device and
finally to a digital product demonstrates that some innovations from the past can be adapted to
new possibilities. In this case the method continues to help in children’s hearing screening,
which remains extremely important irrespective of the “historical context”.
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