Armenian numerals test for speech recognition threshold
measurement in quiet: evaluation and generation of
reference data

Armenischer Zahlentest zur Messung der Sprachverstehensschwelle in
Ruhe: Evaluation und Generierung von Referenzdaten

Abstract

Introduction: The aim of the study was to evaluate a recently developed Sona sargsyan1'2
Armenian speech audiometric test. It consists of twenty test lists, each
containing 20 phonemically balanced, familiar, and homogeneous Ar-
menian multisyllabic numbers. Reference thresholds for speech recog-
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nition in quiet (SRTs) for native Armenian speakers were determined. 1 Department of

Materials and methods: Digitally recorded Armenian speech material Otorhinolaryngology, Yerevan
was evaluated by 25 native Armenian speakers with normal hearing. State Medical University after
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lists. A logistic function was fitted to the individual speech discrimination 2 Department of

functions and the averaged results. The sound pressure level at the Otolaryngology, Head & Neck
inflection point, i.e., the level at 50% speech intelligibility, was defined Surgery, University Medicine
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Results: The mean SRT across all test lists and subjects was 19.3 dB
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SPL. The measured individual SRTs varied between subjects in a range
of 7.3 dB. Very steep slopes of the individual and averaged speech in-
telligibility functions were observed, ranging from 16 to 29 %/dB. SRTs
and slopes did not differ significantly between test lists.

Conclusion: The homogeneity of the test lists and thus of the speech
test was demonstrated. The measured SRT can be used as reference
data for further application in routine clinical measurements and thus
improve the validity of clinical procedures for native Armenian speakers.

Keywords: speech audiometry, numerals, speech recognition threshold,
Armenian language, test evaluation

Zusammenfassung

Einleitung: Ziel dieser Untersuchung war es, einen kurzlich entwickelten
armenischen sprachaudiometrischen Test zu evaluieren. Dieser besteht
aus zwanzig Testlisten mit je 20 phonemisch ausgewogenen mehrsilbi-
gen armenischen Zahlen. Referenzwerte fur die Sprachverstehensschwel-
le (SVS) wurden flr armenische Muttersprachler bestimmt.
Methoden: Das digital aufgezeichnete armenische Sprachmaterial
wurde 25 normalhérenden armenischen Muttersprachlern prasentiert.
Far alle 20 Listen wurden die individuellen Sprachdiskriminationsfunk-
tionen gemessen. An diese und die Uber die Testlisten und Probanden
gemittelten Ergebnisse wurden logistische Funktionen angepasst. Als
SVS wurde der Schalldruckpegel am Wendepunkt definiert, also der
Schalldruckpegel bei einer Sprachverstandlichkeit von 50%.
Ergebnisse: Die SVS Uber alle Testlisten und Probanden hinweg betrug
19,3 dB SPL. Die individuelle SVS variierte zwischen den Probanden in
einem Bereich von 7,3 dB. Im Wendepunkt wurden sehr steile Anstiege
der individuellen und gemittelten Sprachdiskriminationsfunktionen im
Bereich von 16 bis 29 %/dB beobachtet. Die SVS und Steigungen bei
der SVS unterschieden sich zwischen den Testlisten nicht signifikant.
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Schlussfolgerung: Die Homogenitat der Testlisten und damit des
Sprachverstandlichkeitstest konnten gezeigt werden. Die gemessenen
SVS kénnen als Referenzdaten fur die weitere Anwendung in klinischen
Routinemessungen verwendet werden und somit die Validitat der au-
diometrischen Testverfahren in armenischer Sprache verbessern.

Schliisselworter: Sprachaudiometrie, Zahlentest,

Sprachverstehensschwelle (SVS), armenische Sprache, Evaluation

Introduction

Daily life communication and thus participation in social
life is based on good speech recognition. In hearing im-
paired people hearing aids or implants aim on improving
speech perception. Therefore, speech audiometric tests
play an important role in the assessment of hearing
abilities and communication function and are an interna-
tional standard method. Together with pure-tone audi-
ometry, the degree and type of hearing loss can be diag-
nosed [1], [2] and audiological rehabilitation management
is facilitated [3]. Since the early work of Harvey Fletcher
[4], Raymond Carhart [5], Arthur Boothroyd [6] and others,
speech audiometry has gained acceptance and is
routinely used in a variety of application cases [7].

One measure is the speech recognition threshold (SRT),
which is the minimum sound pressure level [8] at which
a person can recognize 50% of the words spoken [9]
either in quiet environment or in noise. The use of appro-
priate speech material is crucial to ensure proper metric
characteristics of speech audiometry, i.e., satisfactory
reliability, validity and diagnostic sensitivity [10], [11].
Different kinds of speech materials have been developed
in English and used in clinics over a long period, such us
the PB-50 word lists [12], AB word lists [13], W-22 [12]
and so on. In German speaking countries, the Freiburg
speech intelligibility test introduced by Hahlbrock in 1953
[14], [15] is still a routinely applied speech audiometric
test and is considered as reliable standard for many ap-
plications [16], [17]. The test material consists of 10
groups of 10 two-digit multisyllabic numbers and 20
groups of 20 monosyllabic nouns. Normal hearing people
reach a percentage of 50% recognition of numbers at a
level of 18.5 dB SPL on the average, the slope at this in-
flection point of the speech intelligibility function amounts
to about 8%/dB [18].

In this research we focus on the Armenian language.
Recently, a balanced, familiar and homogeneous speech
material was developed for the first time as a speech re-
cognition assessment tool, with sufficient validity, reliabil-
ity and sensitivity [19]. Therefore, this study aimed to
evaluate this speech materials in Armenian, in order to
facilitate wider use of speech audiometry in Armenia.
The developed speech material consists of twenty test
lists of twenty Armenian numerals from 10 to 100 with
2-4 syllables with equal distribution of the numerals.
Since not all the phonemes of the Armenian language
are represented in the numerals and thus in the 74 se-
lected test items, the comparison of the phoneme distri-
bution of the test lists with that of the Armenian language

showed deviations. However, the comparison between
the phoneme distributions shows that the test lists rep-
resent the language corpus quite well [19]. The phoneme
distributions of each single test list correlated significantly
and positively with that of the general sample, i.e., the
selected numbers and the level of all test items is bal-
anced to achieve comparable SRTs [19]. The test items
and the calibration signal were stored as mono signals
to an audio compact disc to be used with standard clinical
audiometers.

In this paper we focus on evaluating the test material to
ensure homogeneity and to generate reference data for
normal hearing Armenian speaking listeners. To measure
homogeneity of the intelligibility across the test lists an
independent set of normal-hearing native speakers was
assessed. The speech intelligibility functions derived from
that population will be defined as reference data.

Methods

Twenty-five normal-hearing volunteers (twenty-one female
and four male), mostly undergraduate and postgraduate
students of Yerevan State Medical University with Armeni-
an as their native language were asked for their partici-
pation into the study. The subjects’ age ranged from 21
to 35 years (mean=23.6 years). All participants signed
an informed consent form. The studies has been ap-
proved by the institutional ethics committee and has been
performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Medical
histories were unremarkable for otologic or hearing dis-
orders. Before testing otoscopy and tympanometry were
performed. A standard clinical procedure based on the
ASHA guidelines [20] was used to determine bilateral
pure-tone air conduction thresholds for each participant
at octave frequencies from 250 to 8,000 Hz with a level
resolution of 5 dB. For all included participants, pure-tone
thresholds were at 10 dB HL or better at frequencies 0.5,
1,2 and 4 kHz and 15 dB HL or better at 0.25 and 8 kHz
respectively.

All twenty lists of Armenian numbers as developed by
Sargsyan and Rahne [19] were used as acoustic stimuli
as stored in a repository [21]. Briefly, to create a homo-
geneous multisyllabic speech corpus, Armenian numerals
from 10 to 100 with 2-4 syllables were selected as
general sample. Twenty preliminary test lists were created
and after adjusting for equal phonetic distribution
between the lists, 20 phonemically homogeneous test
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lists (each consisting of 20 numerals or 20 test items)
were manually defined. As reference recording, the items
of the final test lists were recorded three times by a
trained female native Armenian speaker with clear pro-
nunciation, a speed of 90-100 syllables/minute, as well
as neutral emotion and effort in the “Multimedia Kentron
TV” broadcast studios (Yerevan, Armenia) and prepro-
cessed in the Audiology Research Department of the
University Medicine Halle (Saale), Germany [19].

The test sighals were generated by a compact disc player,
attenuated by an MA31 clinical audiometer (Pracitronic,
Dresden, Germany) and presented through TDH39 audi-
ometric headphones (Telephonics, Huntington, NY, USA).
The audiometer was calibrated according to normative
requirements by an authorized service (notified body)
using an artificial ear according to IEC60318-1. A CCITT
(Comité Consultatif International Téléphonique et Télé-
graphique) noise signal [19], [22] was used, and free
field equalization was applied. An artificial ear according
to IEC60318-1 and a sound level meter with a flat fre-
quency response between 10 Hz and 20 kHz (“Z"-mode)
were used to measure the actual sound pressure level.
The level difference between the ears was below 0.25 dB.
DIN EN ISO standards [23] for speech audiometry were
followed to prepare and instruct the participants that
were unfamiliar with the presented stimuli or the meas-
urement of an SRT. The subjective better or preferred ear
(18 right ears, 7 left ears) was used for the monaural
presentation of the test items. Participants were familiar-
ized with the stimuli by listening to several stimuli at a
comfortable level. The test items within each test list were
presented in 5-seconds intervals in a fixed order. Parti-
cipants had to repeat what they had heard and were in-
structed and encouraged to guess when in doubt. The
initial testing began with presentation of a subset of 8
test items at 40 dB SPL and intensity was then reduced
in steps of 5 dB SPL until sets with less around 50% cor-
rect repetitions were obtained. This level was used as
starting level for the participant’s SRT measurements
with the presentation of all 20 test lists in a randomized
order (1* run).

After completing the measurements at the starting sound
pressure level the next levels were set to the first level
increased and finally decreased by 5 dB (2™ and 3" run).
At these levels, the testing procedure was repeated with
all test lists.

The responses were registered by one investigator (author
SS). Several rests were allowed during the session. Per-
centages of correct responses were measured for every
test list, sound pressure level and subject. A logistic
function was fitted to the individual and averaged data.
The sound pressure level at the inflection point, i.e., the
level at a speech intelligibility of 50% was defined as SRT.
All computations and the statistical analysis were done
with MATLAB software (Version 2019a, Mathworks, Na-
tick, USA).

Results

The pure-tone thresholds of the included subjects were
within the inclusion criteria and ranged from O to
10 dB HL. The mean threshold over the frequencies of
0.5, 1, 2, and 4 kHz (4PTA) was 5.05 dB HL (SD: 1.8 dB).
Normal tympanometric results were observed for all in-
cluded subjects.

All subjects could complete the testing procedure and
the individual discrimination function could be fitted to
the data. The goodness of fits (R®) ranged from 0.90 to
1.00 with a mean of 0.99 (SD: 0.01). Figure 1A shows
the individual SRTs averaged across all test lists. The
SRTs ranged from 15.7 to 23.0 dB SPL with a mean SRT
of 19.3 dB SPL (SD: 1.8 dB). Results of the Pearson cor-
relation indicated that there was a significant positive
association between 4PTA and SRT (r(25)= 0.44, p=0.03).
Figure 1B shows the discrimination function for all test
lists averaged across all participants. A sigmoid regression
was calculated to fit the proportion of correctly recognized
words based on the speech level and to calculate the
SRT. Figure 2 shows the SRTs for all test lists as average
across the participants. It ranged from 18.9 to
19.6 dB SPL. The mean SRT over all test lists was
19.3 dB SPL (SD: 0.2 dB). The SRTs were not normally
distributed. A Friedman test was carried out to compare
the mean SRTs for the 20 test lists. After Bonferroni cor-
rection no significant differences between the test lists
were found. For the SRTs the 5" percentile was
18.9 dB SPL, the 95" percentile was 19.6 dB SPL. The
SRT difference between the test lists with the maximum
and minimum SRT was 0.78 dB. The SRT distribution had
a standard deviation of 0.2 dB. The maximum difference
from the mean SRT was 0.43 dB; the squared-root mean
of the differences was 0.42 dB.

After averaging all subjects and test lists, a normative
discrimination function was fitted to the global mean and
also displayed in Figure 1B. A sigmoid regression was
calculated to predict the grouped proportion of correctly
recognized words based on the speech level. A significant
regression equation was found with an R” of 0.998. Based
on this regression the global SRT was defined by the in-
flection point at 19.3 dB SPL. Table 1 shows the reference
speech discrimination function as required by DIN EN ISO
8253-3 [23].

Figure 3 shows the distribution of slopes at the inflection
point across the 20 test lists averaged over all parti-
cipants. It ranged from 16 to 29 %/dB. The mean slope
over all test lists and participants was 22.6 %/dB (SD:
3.4 %/dB). The slopes were not normally distributed. A
Friedman test was carried out to compare the mean slope
for the 20 test lists. After Bonferroni correction no signi-
ficant differences between the test lists were found.
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Figure 1A: Individual speech discrimination functions, averaged across the test lists. The circles mark the proportion of correctly
recognized words at the respective sound pressure level for every subject. B: Mean speech discrimination function, averaged
across the subjects (black) as well as the grand average (red). No difference is discernable between the test lists. Also marked

is the inflection point at a speech recognition score of 50% correct responses.
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Figure 2: Speech reception thresholds (SRT) for all test lists as mean across the subjects. The bars mark the 95% confidence
interval.

Table 1: Reference speech discrimination function for the Armenian numbers test

level (dB)

Word re-cognition | 10 | 20 | 30 | 40 [ 50 | 60 | 70 | 80 | 90
(% correct)
Sound pressure 1471164 |17.5|18.4|19.3|20.1|21.0(22.2|23.9

ams ||
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Figure 3: Slopes of the speech discrimination function at the inflection point for the test list used as mean across the subjects.
The bars mark the 95% confidence interval.

Discussion

We measured the SRTs of 25 subjects which were diag-
nosed as otologically normal. Our results show that all
included normal hearing subjects could perform the test
procedure. The measured speech discrimination could
very well be fitted by a logistic function. Thus, the results
can be used to be plotted as interpolated normative
function. The respective reference values are summarized
in Table 1.

The measured individual SRTs varied between the sub-
jects within a range of 7.3 dB. The 4PTA of the included
patients ranged within limits of 1.25 dBHLand 7.5 dB HL
and correlated significantly to the measured SRT. There-
fore, the SRT should also vary within a range of about
6 dB in the included cohort which explains a major portion
of the SRT variance.

The SRT across all test lists and subjects was
19.3 dB SPL. This is a comparable level to that for Ger-
man multisyllables (18.4 dB SPL) but lower than that for
the German monosyllables (29.3 dB SPL) of the Freibur-
ger speech test [18]. It is within the range of the SRT for
English spondaic words (10-28 dB SPL) [24]. For other
languages, e.g., Japanese trisyllabic words [25] or
Taiwanese Mandarin [10], however, no direct comparison
between the SRT is possible since those thresholds are
reported only relative to the hearing threshold for speech
(hearing level for speech).

The slope at the inflection point (SRT) obtained in our
study ranged from 16 to 29 %/dB which is more compa-
rable to that for German sentence tests, e.g., the Got-
tinger Satztest (11 %/dB) [23] or the Oldenburger Satztest
(17.1 %/dB) [26]. Slopes of speech intelligibility functions
of comparable tests are lower, i.g., for German monosyl-
lables (8 %/dB) [18], spondaic words in English (7.2-
10.0 %/dB) [24], [27], [28], [29], Spanish words

(9.7-11.1 %/dB) [30], or Japanese trisyllabic words
(8.7-10.3 %/dB) [25]. At the inflection point, also lower
slopes were reported in standard Mandarin or PUtonguha
(11.3-12.1 %/dB) [31], Taiwanese Mandarin (11.3-
11.7%/dB) [32], Polish bisyllabic words (9.8-10.1 %/dB)
[33], or Korean bisyllabic words (10.4-11.9 %/dB) [34].
The reason for the very steep slope of the test measured
in the sample studied remains unclear. However, since
steep slopes are necessary for precise measurement of
discrimination function and thus speech reception
thresholds, the Armenian material used can be used as
a precise diagnostic tool for measuring the speech per-
ception threshold.

The Armenian numbers test includes 20 test lists with
20 test items each. Our results show that across all par-
ticipants the SRT difference between the test lists is very
small (SD: 0.2 dB). Since the SRT difference between the
best and the worst test list is 0.78 dB and the maximum
difference from the mean over all test lists is 0.43 dB the
test lists can be regarded as perceptually balanced. The
variance is below the limits of audiometric precision. Thus,
a random selection of the test list can be used for the
SRT measurement. Test-retest reliability was not meas-
ured in this study. However, since the results show no
significant SRT difference between the test lists, the dif-
ferent test lists can be considered as perceptually
identical. Because the SRT differences between the test
lists amount to maximum of 0.78 dB, the intra-session
test-retest reliability can consequently be considered to
be very high. Also due to the very narrow and precise SRT
distribution, the test appears to be very reliable.

To derive normative data for the Armenian numbers test
we proved this prerequisite by measuring the pure-tone
threshold and included only normal hearing subjects
resulting in a very narrow variance of the SRT. Therefore
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we claim this to be the reference for clinical routine
measurement.

Conclusions

This study evaluated a previously developed speech ma-
terial, the Armenian number test, for measuring the
speech recognition threshold in quiet. The results have
significant practical implication for the health system in
Armenia because they address issues related to the
validity of clinical procedures provided to native Armenian
speaking individuals.

This study for the first time applied the newly developed
Armenian numbers test in quiet to a normal cohort of
native Armenian speaking people. The results can be
applied as reference data for the further application in
clinical routine measurements.
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