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ABSTRACT

The aim of the study was to develop Macedonian monosyllabic and disyllabic tests for speech audiometry, to record the
speech materials, and to conduct clinical validation of the tests. The following criteria were applied: word familiarity,
phonetic balance, and homogeneity of audibility. Clinical validation was conducted on a sample of 30 normal hearing
subjects, aged 18 to 30 years. We developed four open-set tests for speech threshold and suprathreshold testing in quiet.
The tests contain two word lists with 50 monosyllabic words and two word lists with 36 disyllabic words. Each word was
introduced by a carrier phrase. Psychometric function slope from 20% to 80% correct recognition for all words was 5%/
dB. The difference between the presentation levels at which the subjects repeated all the words was < 4 dB. Developed
phonetically balanced word lists have relatively steep psychometric function slope and they are homogeneous in terms of

the audibility.
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INTRODUCTION

Speech audiometry is amethod of evaluating how well a
patient can hear and understand specific types of speech
stimuli (Kramer & Brown, 2019). Speech materials are
presented by monitored live voice or recorded speech
materials are used (Lawson & Peterson, 2011). The
words could be presented in an open-set format, which
means that the patient must respond without any prior
knowledge of what the possible alternatives might be,
or a closed-set format, which means that the patient
is provided with a choice of several possible response
alternatives (Gelfand, 2016). It is common practice to
utilize a carrier phrase such as “Say the word...” prior

Correspondence to:

to presentation of the word, although this is not always
performed (DeRuiter & Ramachandran, 2017). The
speech stimuli are presented in quiet or with addition of
background noise (McArdle & Hnath-Chisolm, 2015).
Many types of speech materials can be used to perform
speech audiometry. The choice of materials depends on
the type of the testing: threshold or suprathreshold testing.
The speech detection threshold (SDT) is established by
presenting familiar words, connected speech, spondaic
words, or even repeated nonsense syllables (Stach,
2010). Spondaic words or spondees are also used
for determining speech recognition threshold (SRT).
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Spondees are two syllable words that have equal
stress on each syllable. Examples are words such as
baseball, sidewalk, hot dog and ice cream (DeRuiter
& Ramachandran, 2017). The most common way to
describe suprathreshold hearing ability is with word
recognition measures. Word recognition score (WRS)
is determined by presenting monosyllable words at
suprathreshold level (Stach, 2010). Sentences are also
used for suprathreshold speech recognition testing
(Bess & Humes, 2008).

In development of speech audiometry tests, the authors
applied various criteria, such as: phonemic balance,
balance of the number of syllables, use of disyllabic
words in languages where there are no spondaic words,
use of disyllabic words for suprathreshold testing
instead of monosyllable words, introducing the words
with and without carrier phrase, selection of the words
depending on the density of lexical neighbourhood
and other rules depending on the specifics of the
language in which the test was developed. However,
some criteria were considered essential in selecting
test items for measuring speech recognition including
word familiarity, phonetic balance, and homogeneity of
audibility. The same criteria are applied in development
of tests for adults and children (Diefendorf, 2015).

It is generally accepted that word familiarity
increases test scores (Lawson & Peterson, 2011).
Word familiarity ensures that we measure auditory
threshold, not vocabulary knowledge (Ramkissoon,
2001). The authors could ask linguist for help to select
familiar words, but, it can be done in another way, for
example, with rating the word familiarity and selection
of words that are more familiar. Word familiarity must
be considered especially when testing children. There
is a well-established effect of word frequency, with
a significant bias favoring the recognition of words
with a higher frequency of occurrence compared with
lower-frequency words (Gelfand, 2016).

Phonetic balance means that the phonetic composition
of the word lists is equivalent and representative of
everyday speech in that language (Bess & Humes,
2008). The relative frequencies of the phonemes in
the test list are as close as possible to the distribution
of speech sounds used in that language. A phonetic
balance of monosyllabic word materials is based on
analysis of large number of words used in newspaper
articles, words used in certain conversations or the
most common words in the language (Gelfand, 2016).
Homogeneity of audibility refers to the presentation
level at which the speech stimuli are heard. If the
words are homogenous with respect to audibility,
they all are just recognizable at about the same speech
intensity level (Stach, 2010). If the word lists are not
homogeneous in respect to audibility, homogeneity
could be achieved by digital adjusting of the recorded
speech materials (Gelfand, 2016).

The aim of the study was to develop Macedonian
monosyllabic and disyllabic test for speech audiometry,
to record the speech materials, and to conduct clinical
validation in order to determine whether the word lists
are homogeneous in terms of audibility.
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METHODS

In this prospective study we developed four tests for
speech threshold and suprathreshold testing in quiet.
The tests are in an open-set format. They contain two
word lists with 50 Macedonian monosyllabic words
and two word lists with 36 disyllabic words and are
suitable for testing children and adults. The following
criteria were applied during the test development:
word familiarity, phonetic balance, and homogeneity
of audibility. In the early stages of the research we
performed acoustic analysis of Macedonian vowels and
consonants in the computer program Praat and analysis
of coarticulation in nonsense syllables and real words.
These results are not presented in this paper.

The words were selected from the Orthographic
dictionary of the Macedonian standard language
(Koneski, 1999) and Digital dictionary of the
Macedonian language. The final word lists were
approved by two linguists. We calculated the frequency
of occurrence of Macedonian phonemes in order to
develop phonetically balanced word lists. For this
purpose we used a corpus of 178 sentences containing
the most frequent words in Macedonian language. The
sentences were previously selected from about 2.5
million electronic articles from the Macedonian internet
portals in study for development of Macedonian text-
to-speech system (Peshanski, 2018).

Developed word lists were recorded in Macedonian
Radio Television. Each word was presented with the
carrier phrase: Say the word...” recorded at the same
intensity level as the words. There are eight recordings
because all words in the four word lists were pronounced
by a male and a female speaker. A Sennheiser e840
microphone (Sennheiser electronic, Germany) was used
during the recording, placed at a distance of 5-10 cm
from the mouth. Digital recording of the speech used a
sampling frequency of 44,100 samples per second.
Homogeneity of audibility was determined during
clinical validation of word lists conducted on a sample
of 30 normal hearing subjects, 15 males and 15 females,
aged 18 to 30 years (mean age of 24.3£3.6 years),
examined at the Department of Otorhinolaryngology,
Division of Audiology, City General Hospital “8®
September” Skopje. Pure tone audiometry and
speech audiometry were performed with MADSEN
Astera® audiometer (GN Otometrics, Denmark) and
Sennheiser HDA 300 (Sennheiser electronic, Germany)
circumaural earphones in sound proof booth. Hearing
threshold was obtained with modified Hughson-
Westlake technique for frequencies from 125 to 8000 Hz.
Speech detection threshold, speech recognition
threshold, and word recognition score were determined
in all participants. For this purpose we used recorded
speech materials pronounced by a female speaker.

The study was approved by the Ethics committee of
City General Hospital “8™ September” Skopje. The
Protocol number of Ethical approval is: 24/89-1/2019.
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RESULTS Macedonian phonemes are given along with their

transcription into International Phonetic Alphabet
We calculated the frequency of occurrence of (IPA) symbols in parentheses. Phonemes in the tests
Macedonian phonemes in order to develop phonetically have a similar frequency of occurrence as phonemes
balanced word lists. The vowel /a/ (a) has the highest in the sentence corpus. Frequency of occurrence of
frequency of occurrence in Macedonian language, Macedonian vowels in sentence corpus and four word
and the consonant /s/ (dz) has the lowest frequency. lists is displayed in Table 1.

Table 1. Frequency of occurrence of Macedonian vowels in sentence corpus and four word lists

Vowels Corpus Test 1 Test 2 Test 3 Test 4
MKD (IPA) No (%) No (%) No (%) No (%) No (%)
a(a) 1498 (12.9) 17 (10.1) 17(9.9) 23 (13.5) 24 (13.5)
0 (0) 1165 (10) 11 (6.5) 11 (6.4) 18 (10.5) 16 (9)
e (e) 1078 (9.3) 10 (5.9) 10 (5.8) 18 (10.5) 16 (9)
u (1) 1057 (9.1) 9(5.3) 9(5.2) 9(5.3) 10 (5.6)
y (u) 287 (2.5) 3(1.8) 3(1.7) 4(2.3) 6(3.4)

The phonemes are displayed in order, starting with the (56.3%) consonants. Frequency of occurrence of
most frequent sound and parallel to the phonemes in Macedonian consonants in sentence corpus and word

sentence corpus. The sentences contain 2439 words lists is displayed in Table 2.
and 11629 phonemes, 5085 (43.7%) vowels and 6544

Table 2. Frequency of occurrence of Macedonian consonants in sentence corpus and four word lists

Consonants Corpus Test 1 Test 2 Test 3 Test 4
MKD (IPA) No (%) No (%) No (%) No (%) No (%)
T () 816 (7) 13 (7.7) 14 (8.1) 13 (7.6) 12 (6.7)
H (n) 799 (6.9) 12 (7.1) 11 (6.4) 8 (4.7) 9(5.1)
p (@) 588 (5.1) 10 (5.9) 11 (6.4) 8 (4.7) 9(5.1)
¢ (s) 512 (4.4) 10 (5.9) 11 (6.4) 8 (4.7) 9(5.1)
B (V) 475 (4.1) 9(5.3) 10 (5.8) 8 (4.7) 8 (4.5)
1 (d) 467 (4) 8 (4.7) 10 (5.8) 7(4.1) 8 (4.5)
K (k) 419 (3.6) 8 (4.7) 9(5.2) 7 (4.1) 8 (4.5)
1 (1) 365 (3.1) 7 (4.1) 8 (4.7) 5(2.9) 6 (3.4)
M (m) 321 (2.8) 4 (2.4) 5(2.9) 5(2.9) 6 (3.4)
u (p) 302 (2.6) 4(2.4) 4(2.3) 3(1.8) 4(2.2)
r(g) 211 (1.8) 4(2.4) 4(2.3) 3(1.8) 3(1.7)
6 (b) 193 (1.7) 4(2.4) 4(2.3) 3(1.8) 3(1.7)
10) 187 (1.6) 4(2.4) 4(2.3) 3(1.8) 3(1.7)
3(2) 171 (1.5) 4(2.4) 3(1.7) 2(1.2) 2(1.1)
w ([) 144 (1.2) 3(1.8) 2(1.2) 2(1.2) 2(1.1)
q (1) 111 (1) 3(1.8) 2(1.2) 2(1.2) 2 (1.1)
1 () 104 (.9) 2(1.2) 1(.6) 2(1.2) 2(1.1)
x (3) 64 (.6) 2(1.2) 1(.6) 2(1.2) 2(1.1)
d () 60 (.5) 1(.6) 1(.6) 1(.6) 1(.6)

i (c) 53 (.5) 1(.6) 1(.6) 1(.6) 1(.6)

x (h) 52 (.4) 1(.6) 1(.6) 1(.6) 1(.6)

5 (1) 36 (.3) 1(.6) 1(.6) 1(.6) 1(.6)

1 (dg) 31(.3) 1(.6) 1(.6) 1(.6) 1(.6)

() 28 (.2) 1(.6) 1(.6) 1(.6) 1(.6)

b (K) 21 (.2) 1(.6) 1(.6) 1(.6) 1(.6)

s (&) 14 (.1) 1(.6) 1(.6) 1(.6) 1(.6)
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The consonant /1/ (t) has the highest frequency from all
consonants. Test 1 contains 169 phonemes, 50 vowels
(29.6%) and 119 consonants (70.4%). Test 2 contains
172 phonemes, 50 vowels (29.1%) and 122 consonants
(70.9%). Test 3 contains 171 phonemes, 72 vowels
(42.1%) and 99 consonants (57.9%). Test 4 contains
178 phonemes, 72 vowels (40.4%) and 126 consonants
(59.6%). Test 3 and Test 4 are consisted of disyllabic
words and each word contains two vowels as a nucleus
of the syllables.

Syllable structure in monosyllabic tests and the number
of words with that structure is displayed in Table 3. The
syllables contain different combinations of consonants
(C) and vowels (V). The CVC syllable structure was
the most frequent.

Table 3. Syllable structure in monosyllabic tests

Syllable Test 1 Test 2 Total
structure No (%) No (%) No (%)
CVC 27 (27) 28 (10.1) 55(55)
CCVC 12 (12) 14 (6.5) 26 (26)
CVCC 8(8) 8(8) 16 (16)
CCV 2(2) /(0) 2(2)
CV 1 (1) /(0) 1 (1)
Total 50 (50) 50 (50) 100 (100)

Syllable structure in disyllabic tests and number
of words with that structure is displayed in Table 4.

Table 5. Frequency of the word classes in four word lists

The CVCCYV syllable structure was the most frequent,
followed by CVCV, CVCVC, and CCVCYV syllable
structure. Other syllable structures were represented in

a smaller percentage.

Table 4. Syllable structure in disyllabic tests

Syllable Test 3 Test 4 Total
structure No (%) No (%) No (%)
cvcev 10 (13.9) 10 (13.9) 20 (27.8)
cvcv 11 (15.3) 8 (11.1) 19 (26.4)
CVCVC 5(6.9) 9(12.5) 14 (19.4)
ccvev 5(6.9) 34.2) 8 (11.1)
cvceve 2 (2.8) 2 (2.8) 4 (5.6)
VCCVC 1(1.4) /(0) 1(1.4)
VCVC 1(1.4) /(0) 1(1.4)
CcvCccev 1(1.4) /(0) 1(1.4)
cvceeve /(0) 1(1.4) 1(1.4)
CCvcve /(0) 1(1.4) 1(1.4)
CCvCCV /(0) 1(1.4) 1(1.4)
Total 36 (50) 36 (50) 72 (100)

Frequency of the word classes in four word lists is
displayed in Table 5. The most frequent words in all
tests were the nouns, followed by the adjectives, and
the verbs. Other word classes were represented in a
smaller percentage.

Word Test 1 Test 2 Test 3 Test 4 Total
classes No (%) No (%) No (%) No (%) No (%)
Nouns 38 (22.1) 37 (21.5) 27 (15.7) 27 (15.7) 129 (75)
Adjectives 7(4.1) 13 (7.6) 2(1.2) 4(2.3) 26 (15.1)
Verbs /(0) /(0) 6 (3.5) 4(2.3) 10 (5.8)
Numerals 2(1.2) /(0) /(0) /(0) 2(1.2)
Adverbs /(0) /(0) 1(.6) 1(.6) 2(1.2)
Pronouns 1(.6) /(0) /(0) /(0) 1(.6)
Prepositions 1(.6) /(0) /(0) /(0) 1(.6)
Particles 1(.6) /(0) /(0) /(0) 1(.6)
Total 50 (29.1) 50 (29.1) 36 (20.9) 36 (20.9) 172 (100)

All participants included in clinical validation of the
tests had pure tone average (PTA) and SDT < 10 dB
HL. SRT was 16 dB HL. WRS was determined at
starting level of 10 dB SL (re: SRT). Only the right
ear was tested at three presentation levels in 2 dB
increments. A total of 1500 words were repeated from
the Test 1 and Test 2, and 1080 words from the Test 3
and Test 4. Percentage of repeated words at different
presentation levels is displayed in Figure 1. Most of
the words in all tests were repeated at the level of 26
dB. The difference between the presentation levels at
which the subjects repeated all the words was <4 dB.

30

7 161%

T4.6%

1200

1000 1~

Test1 Test2 Test3 Test4

Figure 1. Percentage of repeated words at different
presentation levels
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Mean psychometric function for all monosyllabic and

disyllabic words repeated from 30 normal hearing
subjects is displayed in Figure 2.
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Figure 2. Mean psychometric function for monosyllabic
and disyllabic words

We obtained 100% word recognition at the level 30 dB
HL in all subjects. Psychometric function slope from 20%
to 80% correct recognition was calculated manually and
the value was 5%/dB. The slope of a word recognition
function expresses the relation between the change in
correct recognition performance (Ay) and the change in
the presentation level of the speech signal (Ax) that is
expressed as Ay/Ax. The performance 80% is obtained at
26 dB HL, and the performance 20% is obtained at 14 dB
HL. According to the form Ay/Ax, 60%/12 dB = 5%/dB.

DISCUSSION

We developed Macedonian monosyllabic and
disyllabic tests for speech audiometry by applying the
following criteria: word familiarity, phonetic balance,
and homogeneity of audibility. Two linguists confirmed
that the words in the tests are familiar for children
and adults. The word familiarity could be ensured at
different ways. Garadat, Abdulbaqi & Haj-Tas (2017)
presented an initial list of speech stimuli to a sampled
population in a form of survey to rate their familiarity
with these words. Stimuli that were selected to be
included in the final lists had a high familiarity index.

Development of the tests was preceded by an acoustic
analysis of Macedonian vowels and consonants, as
well as, analysis of coarticulation in nonsense syllables
and real words. Two sets of acoustic measurements
were made in analysis of vowels: fundamental
frequency (Fo) and formant frequencies from F1 to
F5. Spectral characteristics of the consonants were
analyzed by determining the spectral moments: center
of gravity, spectral standard deviation, skewness and
kurtosis. Formant frequencies and Fo in children were
higher than formant frequencies and Fo in men and
women. The consonants as isolated phonemes had
concentration of acoustic energy in lower frequencies
in comparison to consonants in vowel context. F2
transition is an acoustic cue for the place of articulation
in speech perception (Ristovska et al., 2018; Ristovska
et al., 2019; Jachova, Ristovska & Spasov, 2021).

The frequency of occurrence of Macedonian phonemes
was calculated from the corpus of sentences containing
the most frequent words in order to develop phonetic
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balanced word lists. There was no Macedonian word
frequency dictionary. Frequency of occurrence of the
phonemes could be calculated from word frequency
dictionary or by selecting several articles. Sagon
& Uchanski (2006) calculated the frequency of the
phonemes and the most frequent syllable structure
with analysis of about 3000 words from three articles
in weekly newspaper.

Our monosyllabic tests (Appendix A) contain 50
words presented in quiet background. The most
frequent syllable structure is CVC. The initial use of
monosyllabic words for speech recognition testing is
attributed to Egan who worked in the Psychoacoustics
Laboratory at Harvard University in 1948. His original
pool of 1000 words was divided into 20 lists of 50
words, which collectively are known as the PAL PB-50
word lists. Each list was considered to be phonetically
balanced. Ira Hirsh and the colleagues from the Central
Institute for the Deaf, in 1952 selected 120 very
common words of the initial PAL PB-50 along with
80 other words to compose new phonetically balanced
four 50-word lists known as CID W-22. They used the
carrier phrase “You will say...” (McArdle & Hnath-
Chisolm, 2015). We avoided this phrase because the
acoustic analysis of coarticulation showed that this
phrase (In Macedonian: ,,Ke xaxen...*) is not suitable.
There is a long duration of the noise of the fricative
/m/ (f) as a last phoneme in the phrase (Ristovska et
al., 2019). The pause between the phrase and the word
from the test is very short, about 300-450 ms, and some
influence of the final phoneme of the phrase on the
phoneme in the initial position of the word is possible.
We took into account possible effects of coarticulatory
factors during test development. We used the carrier
phrase: “Say the word...” (In Macedonian: ,,Kaxwu 1o
300por...“). Lehiste and Peterson in 1959 developed
lists of CNCs (consonant-syllable nucleus [vowel]-
consonant) that were phonemically balanced versus
phonetically balanced. Phonetically balanced lists did
not take into account the position of the sound in a word
and how that acoustic realization of the sound would be
affected by coariculatory factors. Lehiste and Peterson
argued that phonemic balancing could be accomplished
by allowing for the frequency of occurrence of each
initial consonant, vowel nucleus, and final consonant
to be similar across CNC word lists. Their lists were
condensed into four lists of 50 words known today as
the Northwestern University Auditory Test Number 6
(NU No. 6) (McArdle & Hnath-Chisolm, 2015). The
Maryland CNC Test also used phonemic balanced
word lists developed by Lehiste and Peterson. Each
word lists contains CNC monosyllabic words (Mendel,
Mustain & Magro, 2014).

The words in our tests are familiar to adults and children
as well. The CNC fest was originally developed for
assessment of the word recognition of adults, and many
children with a language age of 5 to 6 years will find
many of the words to be unfamiliar (Wolfe, 2020).
The measurement of speech recognition with the pediatric
population must consider the selection of test materials
within a child’s receptive vocabulary competency.
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Haskins in 1949 developed Phonetically Balanced
Kindergarten (PBK) Test composed of monosyllabic
words selected from the spoken vocabulary of
kindergartens. The test could be administered if the
receptive vocabulary age of the child approaches at
least that of a normal hearing 6 years old child or older
(Diefendorf, 2015). PBK have remained one of the
most important outcome measures for assessing speech
recognition in children with hearing impairment using
cochlear implants. However, a number of studies have
reported poor performance on PBK word list by children
using cochlear implants (Kant & Banik, 2017).
Developed tests are in an open-set format and the
children can only hear the words without picture
identification. To avoid the possibility the words
to be unfamiliar to children, Ross and Lerman in
1970 developed the Word Intelligibility by Picture
Identification (WIPI) Test. The WIPI test is a closed-set
test and includes picture plates with six illustrations per
plate. The use of WIPI materials is appropriate for those
children with receptive vocabulary ages of 4 years and
greater. For younger children, Eliot and Katz developed
the Northwestern University-Children’s Perception of
Speech (NU-CHIPS). The words are documented to be
in the vocabulary of children with normal hearing as
young as age 3 years (Diefendorf, 2015).

First tests for speech audiometry were developed
in English. Every language has the specifics and the
authors must take them into account during the test
development. Durankaya et al. (2014) developed a
Turkish speech recognition test, considering phonemic
balance, homogeneity, and familiarity criteria. The
most frequently used Turkish monosyllabic words
were selected from the corpus and three word lists
were developed, each composed of 50 words. Rathna
Kumar et al. (2016) developed speech identification
test in Marathi for assessing adults by considering
word frequency, familiarity, words in common use,
and phonemic balancing. They developed four word
lists, each containing of 25 words.

We used disyllabic phonetically balanced words
for development of disyllabic tests (Appendix B).
Usually, spondaic words are used for determining SRT.
Spondaic words are disyllabic words that have equal
stress on each syllable. There are no spondaic words
in Macedonian. In Macedonian disyllabic words, the
first syllable is stressed. There are words from foreign
origin such as: laptop, smartphone, facebook, you tube,
hot spot, hot dog etc. Some of them have translation
in Macedonian. Recorded 42-word spondee tests were
originally developed at the Harvard Psychoacoustics
Laboratory by Hudgins, Hawkins, Karlin, and Stevens
in 1947. They tried to use phonetically dissimilar words
from a familiar vocabulary that were as homogeneous as
possible with respect to their audibility. Subsequently,
Hirsh and colleagues from the Central Institute for
the Deaf improved the original spondaic materials
by reducing the list to the 36 most familiar spondees
and by recording the words in a way that made them
homogeneous with respect to their audibility. Each
test word in their CID W-1 Test and CID W-2 Test
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was preceded by the carrier phrase “Say the word
...” which was recorded at a level 10 dB higher than
the test word itself (Gelfand, 2016). We also used the
carrier phrase “Say the word ...” in our disyllabic tests,
but it was recorded at the same intensity level as the
words. Many authors developed speech recognition
test according to specifics of the language. Trimmis
et al. (2006) developed phonemically balanced word
lists for suprathreshold word recognition testing. The
test material consisted of 4 lists, each containing 50
open-set disyllabic words. Monosyllabic words were
not included because few exist in the Modern Greek
language. Harris et al. (2007) developed speech
audiometry materials for word recognition and SRT
testing in quiet for native speakers of Russian. SRT
materials were developed by selecting 25 disyllabic
words. The recordings were digitally adjusted to match
the mean PTA of the native listeners.

Homogeneity of audibility was examined during
the clinical validation of the tests. Recorded speech
material was installed in OTOsuite software of the
audiometer MADSEN Astera’>. We obtained word
recognition score 100% at maximum 30 dB HL in
all subjects. Psychometric function slope from 20%
to 80% correct recognition for all words was 5%/
dB, which is relatively steep slope and the word lists
are homogeneous with respect to audibility. Wilson
& Carter (2001) examined the relation between the
slope of a mean word recognition function and the
homogeneity or variability (with respect to recognition)
of the individual stimulus items that compose the test
materials. They concluded that the more homogeneous
performance is on the individual test items with respect
to both location and slope, the steeper the slope of
the mean psychometric function. Harris et al. (2004)
developed Polish disyllabic test for SRT testing. The
mean slopes from 20 to 80% were 10.1%/dB for male
speaker and 9.8%/dB for female speaker. Ji et al.
(2011) developed Chinese Mandarin monosyllable test
material with homogenous items. The mean slope of
eight equivalent lists was 5.0+.29%/dB.

After the confirmation that the tests are homogeneous
in terms of the audibility, the next step in the clinical
validation of the tests was analysis of correlation between
pure tone thresholds and speech thresholds in patients
with hearing loss. We found high correlation between
hearing thresholds and speech thresholds: SDT and SRT
(Ristovska & Jachova, 2021; Ristovska et al., 2021).

CONCLUSION

Developed phonetically balanced word lists have
relatively steep psychometric function slope and
they are homogeneous in terms of the audibility.
The word lists are suitable for speech threshold and
suprathreshold testing for children and adults with
hearing loss who are native speakers of Macedonian.
Using these tests, speech audiometry can be performed
with recorded speech materials as a preferred method
for presentation of speech stimuli as opposed to
presentation with monitored live voice.
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APPENDIX A
Ristovska and Jachova Monosyllabic Tests
Test 1 Test 2
Macedonian English Macedonian English
napK park JIUCT leaf
LBET flower 3HaK sign
rpajn city JIeH day
CTaH apartment BO3 train
300p word MapT march
ran scarf cag bowl
1aB lion Jac hour
JIOXK] rain jyr south
pu hill MeJl honey
yaj tea TYyr foreign
nar road HOB new
6uK bull KaT floor
KeJl thirst CBET world
KUT whale SBOH bell
jac I cam alone
nBa two un fine
YHUCT clean pact growth
He no Tarn blunt
BJIC3 entrance Opar brother
KaMIl camp a0 oak
den hair dryer KeJb wild cabbage
Hal our Ko corner
HOK night moJt floor
6poj number KpaH crane
BEK century XHUT hit
MOCT bridge KJ1ac class
CHH son BU type
1aH plan puc lynx
TaHI{ dance LM jeep
pe3 cut jak strong
Xop choir BECT news
S wall [UIMH gas
TpU three oper coast
HOB new JKOJIT yellow
KITyd key Mact ointment
CHer Snow Genn band
KO horse HaIll our
BaIl your npar dear
KeJb wild cabbage TEH complexion
TOCT toast BOJIK wolf
poj swarm nen whole
LIMH giant BHD puddle
riac voice JIOM home
FoH sole KOH horse
TUM team 3penn mature
BpaT neck TBOj your
oe3 without CJIOH elephant
cyB dry KpUB bent
Maj young qaj tea
ryct thick Ipyr other
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APPENDIX B
Ristovska and Jachova Disyllabic Tests
Test 3 Test 4
Macedonian English Macedonian English
nere child KHHTa book
TOIKA ball Bpeme time
COHILIE sun MHCIII think
3e0pa zebra JIeHeC today
TpeBa grass IECOK sand
MajKa mother TOYKA dot
recHa song mera walk
SBOHO bell MTUHTBUH penguin
TOILIO warm KIIyna bench
Kyka house JIECHO right
TaTKO father HOTH notes
quTa read Jby6OB love
jane eat BeKap florist
urpay player 3ajak rabbit
Jby0OOB love TOCTEP toaster
BOJIA water LIEnoT whisper
cycam sesame XyMaH humane
HOCH wear uyJa0 judo
yma forest CITHKa picture
JI0BU hunt sBe3zia star
JiomMar tomato Tabia board
MIIEKO milk jajue egg
XpaHa food CHBO gray
npera cherry TUTap tiger
TEHHUC tennis BOIU lead
FeBpeK bagel TAXHO sad
neno grandfather JOKTOP doctor
jarue lamb tapma farm
JKOIITH yellow TECTO dough
BO3H drive pyna ore
KEJCH thirsty yyBap guard
TOTBH cook Mera borderline
olaK chimney )Keba wish
cecTpa sister pozeH born
dunrep filter MOJIEba lightning
Oama bath caka love
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