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Objective: To develop a set of Mongolian monosyllabic word lists suitable for measuring
Word Recognition Scores (WRS) and to evaluate their validity using psychometric function
analysis. Methods: In the first phase, 220 Mongolian monosyllabic words that are widely
recognized and commonly used in daily conversations by the general population were
selected from various linguistic sources and phonemically balanced. A professional female
voice artist digitally recorded these words in a sound studio, and their intensity levels were
normalized using the Root Mean Square (RMS) value at 1000 Hz. In the second phase, word
recognition tests were administered to 50 participants with normal hearing, aged 18 to 29
years. The tests took place in a sound-treated booth, with words presented at intensity levels
ranging from —4 to 18 dB HL in 2 dB steps. The 220 words were randomly divided into four
blocks of 55 words each. In the third phase, psychometric functions were generated using
logistic regression analysis. To determine statistical differences between the lists and half-
lists, chi-square (x?) tests and one-way analysis of variance (ANOVA) were used. Results:
From the original pool of 220 words, the 200 most perceptible monosyllabic words were
selected based on recognition accuracy across presentation levels. These were divided into
four balanced 50-word lists and eight 25-word half-lists. Psychometric functions were
calculated for each list using logistic regression. The average slope at the 50% threshold was
10.43%/dB, and the slopes between 20% and 80% recognition ranged from 8.61 to 9.38%/
dB. Statistical analyses showed no significant differences in recognition scores or intensity
levels across lists and half-lists, confirming their equivalence. Intensity adjustments (< +0.3
dB) were applied to standardize the 50% threshold across all lists (mean=6.16 dB HL). The
results demonstrate that the developed Mongolian monosyllabic lists are phonetically and
perceptually homogeneous, making them suitable for clinical and research use. Conclusions:
This study developed a standardized set of Mongolian monosyllabic word lists with consistent
psychometric properties. These materials are suitable for use by otologists and audiologists in
clinical assessments and speech audiometry research in Mongolia.

Keywords: Speech audiometry, Monosyllabic words, Word recognition, Psychometric
function, Intensity level

Introduction

According to the World Health Organization (2021), approximately 430 million people
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worldwide (around 5% of the global population) require
rehabilitation services due to moderate or higher degrees of
hearing loss. Projections estimate that by 2050, this number
will reach 700 million, meaning that nearly one in ten people
globally will have hearing loss."? Adult-onset hearing loss is
considered the second leading cause of Years Lived with a
Disability (YLD) and is the fifteenth leading contributor to the
Global Burden of Disease (GBD).? The impact of hearing loss on
an individual largely depends on the extent to which their ability
to comprehend speech is affected.* Improvement in speech
perception is considered one of the primary objectives in the
treatment of hearing impairment. Speech audiometry plays a
critical role in selecting, planning, implementing, and evaluating
appropriate rehabilitation methods.>

The initial step in the effective rehabilitation of individuals with
hearing impairment is a comprehensive audiological assessment
to determine the presence, type, and degree of hearing loss.?
Although pure-tone testing is a quick and reliable method for
measuring frequency-specific aspects of hearing impairment,
audiological evaluations are generally considered incomplete
without assessing an individual’s ability to perceive and process
speech. Speech audiometry is a fundamental component of
modern hearing diagnostics and clinical audiological research.
It serves as a primary tool for determining the degree and type
of hearing loss, particularly in the identification of retrocochlear
pathologies and auditory processing disorders.s® To ensure
accurate assessment in speech audiometry, it is essential to use
standardized word materials specifically developed in the listener's
native language, with careful consideration of its phonetic
and linguistic features.>>'° This assessment serves not only to
determine the quality of hearing function but also to evaluate
the individual’s ability to accurately perceive, discriminate, and
comprehend auditory stimuli such as monosyllabic, disyllabic,
trisyllabic words, and sentences. As such, it constitutes an
integral component of modern auditory diagnostics and clinical
audiological research."-"

Speech audiometry uses various types of word materials,
and the selection of these materials depends on the type and
purpose of the assessment.® The most commonly used speech
audiometry method is the Word Recognition Score (WRS). By
presenting words at intensity levels above the speech recognition
threshold, this test provides important information about the
listener's ability to understand speech in everyday communicative
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situations, thereby supporting the evaluation of real-world
hearing performance.’>'* Word recognition tests are generally
performed using meaningful words, and word recognition scores
are usually expressed as the percentage of correctly identified
test words. The psychometric function in word recognition testing
illustrates how word recognition scores vary as a function of
the presentation level of the test words. Both the recognition
score and the psychometric function serve as valuable indices
for audiologists in evaluating hearing devices and planning aural
rehabilitation strategies.'®'8 The use of appropriate test materials
is crucial to ensuring the reliability and diagnostic sensitivity of
word recognition tests. Specified criteria for selecting word lists
used in Word recognition tests include monosyllabic structure,
equivalent average difficulty both between and within lists,
equivalent phonetic composition across lists, a composition
representative of the spoken language, inclusion of commonly
used words, and overall psychometric balance.’%? A phonetically
balanced list is one in which the occurrence or frequency of the
phonemes approximate the language from which the phonemes
are derived; in many occasions the syllables contain a consonant-
vowel-consonant formation.”? Another important principle in
designing speech test materials is the number of test items.?#2>
Typically, 50-item word lists are adopted in word recognition
tests. The inclusion of 50 item increases the reliability of word
recognition scores. Nevertheless, audiologists commonly use
25-items word lists to decrease test time and thereby reduce the
fatigue effect for participants.'®2>-%

The first development of speech audiometry materials that
reflected the phonetic characteristics of the Mongolian language
was conducted in 1988 by Shagdar, et al. and colleagues. Using
sonographic analysis, they compiled a mixed list of 10-word
groups comprising 20 phonetically balanced words (including
monosyllabic, disyllabic, trisyllabic, and numeral words), which
were recorded on magnetic tape. In their study, the authors
selected thematic texts written by Mongolian authors to
represent the richness of the Mongolian vocabulary and analyzed
the phoneme and letter frequency in these texts. Based on the
results, the final word list included the most frequently occurring
phonemes in Mongolian, such as a (11%), 3 (8%), p (7%), H
(6%), n (5%), X (5%), a (5%), r (5%), n (4%), (0} (4%), and ©
(4%).% Unlike languages with a rich inventory of monosyllabic
words, the Mongolian language is characterized by specific
phonological features such as vowel harmony, position-sensitive
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phonotactics, and an agglutinative structure. These linguistic
constraints naturally limit both the number and structural variety
of monosyllabic words in Mongolian. Common monosyllabic word
forms in Mongolian include CV (consonant-vowel), VC (vowel-
consonant), and CVC (consonant-vowel-consonant) structures.
However, frequency-sensitive phonemes such as fricatives (/x/, /s/,
/ff) and nasals (/m/, /In/, In/)—which are important for detecting
hearing loss—occur less frequently in natural monosyllabic
vocabulary. Therefore, creating a phonetically balanced and
clinically appropriate set of monosyllabic words requires careful
selection.?=3" In this study, we selected and refined a set of 220
monosyllabic words based on these linguistic criteria. The final
list serves as a foundational material for a reliable, Mongolian-
based WRS test, ensuring both phonetic representativeness and
clinical applicability. Accordingly, the purpose of the present
study was to develop a set of Mongolian monosyllabic word
materials suitable for measuring WRS and to evaluate them by
determining their psychometric function curves.

Material and Methods

Research Phases

The following sections describe the three phases of the
research methodology: (1) preparation of the test material, (2)
selection of homogeneous material for use in the word lists, and
(3) construction of the final word lists. Each phase includes a
description of the methods and corresponding results.

Phase 1: Development of phonemically balanced word
lists in Mongolia

Due to the phonological characteristics of the Mongolian
language, the number of naturally occurring monosyllabic
words is relatively limited. Therefore, words with simple
phonetic structures and frequent usage in everyday language
were prioritized. A total of 220 monosyllabic words intended
for use in WRS testing were compiled from sources such as
school textbooks, dictionaries, and an online Mongolian word
corpus.®?33 General terminology, as well as words containing
culturally or religiously sensitive meanings, were excluded.

Word familiarity evaluation

The collected monosyllabic words were rated by 20 participants
with varying social and educational backgrounds using a 5-point
familiarity scale: 1 — not familiar at all, 2 — slightly familiar, 3 —
somewhat familiar, 4 — relatively familiar, and 5 — very familiar
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(commonly used). Words with an average rating of > 4 were
selected, resulting in 220 monosyllabic words being retained for
recording and further evaluation.

Content validation of the word list

Based on criteria developed by Shi, et al.>* five domain experts
independently evaluated each word to ensure that it did not
contain emotionally, culturally, or religiously sensitive content. As
a result, one word was excluded, and 219 words were finalized.
Subsequently, phonemic balancing of the selected words was
conducted based on phoneme and word frequency data in the
Mongolian language to ensure even distribution.23537

Digital recording of words

Although male voices have traditionally been preferred in
earlier studies to reduce inter-talker variability, recent research
demonstrated that speech materials recorded by female talkers
also yield clinically acceptable and psychometrically reliable
results.?® Accordingly, the 220 monosyllabic words were recorded
in a double-walled recording booth at a professional studio in
Ulaanbaatar. The words were articulated by a professional female
voice artist who was instructed to produce them with normal
vocal effort at a 0° azimuth (directly in front of the microphone)
at a distance of 6 cm. This corresponded to an average Sound
Pressure Level (SPL) of approximately 65 decibels (dB SPL), as
monitored by a sound level meter. Recordings were made at a
sampling rate of 44.1 kHz with 24-bit resolution. Each word was
recorded three times, and the most clearly articulated version was
selected for further use. The Root Mean Square (RMS) amplitude
of all recorded words was equalized using the long-term average
at 1000 Hz to ensure consistent intensity levels across the entire
word list.>®
Phase 2: Standardization of word lists

Participants

A total of 50 normal-hearing individuals (25 females and 25
males), aged between 18 and 29 years (M=23.5, SD=3.61),
participated in the evaluation of the psychometric functions of
the test materials. Prior to testing, all participants underwent
pure-tone audiometric screening to confirm that their hearing
thresholds in both ears were below 20 dB HL (decibel hearing
level). Tympanometry was also testing was also conducted to
ensure normal middle ear function.“’ The test ear was selected
based on the better pure-tone average (PTA) across 500, 1000,
and 2000 Hz frequencies. Summary statistics of the participants’
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Table 1. Pure Tone Threshold (dB HL) of 50 Normally Hearing Subjects

Frequency (Hz) M Minimum Maximum SD
250 2 -5 15 4.5
500 2.6 -5 10 3.5
1000 3.6 -5 15 4.2
2000 0.5 -10 10 5.4
4000 1.4 -10 15 6.1
8000 5.7 -5 20 7.1
PTA? 2.23 -6.8 11.7 4.4

?PTA - arithmetic average of thresholds at 500, 1000, & 2000 Hz

Evaluation of monosyllabic words

Participants were not familiarized with the monosyllabic words
prior to testing. Each participant was presented with 220 mono-
syllabic words via DD45 headphones in a quiet, sound-treated
environment. To generate the psychometric function (PI-PB)
across hearing levels, words were presented at intensity levels
ranging from —4 dB HL to 18 dB HL in 2 dB increments. The
220 stimuli were randomly divided into four blocks of 55 words
each. Both the order of the blocks and the order of words within
each block were randomized for each participant, with a 4-sec-
ond silent interval between words. Participants were encouraged
to repeat what they heard, to guess if uncertain, or to say "I
don’t know" if the word was not heard. Breaks were permitted
between blocks if participants experienced fatigue. All responses
were automatically recorded on a personal computer for subse-
quent analysis. Each response was scored as 1 for correct and 0
for incorrect or missing responses. The accuracy of responses was
independently verified by three audiologists. A logistic regression
analysis was applied to derive the psychometric function for each
word.

Statistical Analysis

To analyze the study data, logistic regression, one-way anal-
ysis of variance (ANOVA), and chi-square (x?) tests were per-
formed. The dependent variable was defined in binary format
based on whether the participant correctly identified the word (1
= correct, 0 = incorrect or no response), while the independent
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variables were the presentation level of the stimulus word and
the word list to which it belonged. Based on the response scores
for each word in the monosyllabic word lists, logistic regression
was applied to estimate the threshold and slope parameters of
the psychometric functions. To determine whether statistically
significant differences existed between the lists and half-lists,
chi-square (x?) tests and one-way ANOVA were conducted.

Ethical Statement

This study was approved by the Research Ethics Committee of
the Mongolian National University of Medical Sciences (Approval
No. 2024/3-06, June 14, 2024). All procedures were conducted in
accordance with institutional and national ethical guidelines and
adhered to the principles of the Declaration of Helsinki. Participa-
tion was voluntary, and written informed consent was obtained
from all participants after they were informed about the study's
purpose, procedures, and potential benefits. Confidentiality and
anonymity were strictly ensured, and no identifying information
was included in the analyses or publications.

Results

Standardization of the Developed Word Lists and As-
sessment Consistency

After compiling the raw data, each monosyllabic word was
ranked by difficulty based on how many times it was correctly
identified across all intensity levels and test subjects. Words iden-
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tified more frequently received higher rankings. To remove unfa-
miliar or less clearly articulated words, the 200 most perceptible
words were selected for inclusion in the lists and half-lists. These
200 words were divided into four balanced lists of 50 words
each. The lists were created using random block assignment to
ensure comparable difficulty levels across them. Specifically, the
first four words from the rank-ordered list were randomly as-
signed, one to each list, and this process was repeated until each
list contained 50 words. The four equivalent monosyllabic word
lists, recorded by a single talker, are shown in Table 2. After cre-
ating the four balanced 50-word lists, eight half-lists of 25 words
each were constructed. Each list was split into two half-lists of

CENTRAL ASIAN JOURNAL of (:A MS
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similar difficulty by grouping the 50 words into 25 consecutive
pairs. The first word of each pair was assigned to half-list A, and
the second to half-list B. The Mongolian monosyllabic half-lists
are presented in Table 3. Following the creation of the monosyl-
labic lists and half-lists, logistic regression was used to calculate
regression slopes and intercepts for each of the four lists and
eight half-lists, corresponding to recordings by a single talker. The
logistic regression slope and intercept values for each list and
half-list are shown in Table 4.

Table 2. Mongolian Monosyllabic Lists in Rank Order from Steepest to Shallowest Slope

List 1 List 2 List 3 List 4
barm Llp Ory AmT Hlaap Llonx Ay Hooc
Xaitg On Baap ITan Oex Xana Ton JlaBc
3ax I'p Xailp Anr Yux Haiip Xepiu Hapc
Koom O Too Xuiin baiip 3ap Hagu [TaBpx
Xasa Xanb ToBu Aype Adin 3ai Xam Yk
3aan Xeuic Buiip Mep Mops Iec Taxp 3yH
XeBu Yc Op Kun OMu Toc oo Cyx
Jlaa plkly Xapi bap Bar XuBc bap Xyp3
berx Cyyn Iox Sc Hyyp Hym Jyy Jlam
Meer Tan Kop Hac DIk Taiiz Byra Hdyy
Opu Sp Xen YHB Bbex Yyn Top Hac
Hap 3anp Oiime Ten Apbc OBc Yr Meem
Hdyy Vyn Hyx XaHnm Xyu Dnc Iar Lyc
Tanx Xwuiin Tapn Cyra 3ypx YKaan Yyp Hap
XyH Haiiz Jlaara Xeo Loox Mog OMy yyce
len I'yyp Tomb Xypa XaHb Cyne Max Hyzn
Hynx Man ToBb 3am OM Jlaa3 Pk Caa
Yono 3yn Hlyyp Xyx Myyp Beep Xyy Lyy
Xaan Cym Slam Xypx Janax Oy (Shy Kume
Xeec byc ban PAK) i Xot Byx Xor Oy
N Hanc Hamig Cam AMm Yyt 300pb Cyy
Boos JIniip Ec Iys Xoon Cor Yyn Carc
Tooc 1w Kusx Cym YHC Xyiic Lpr Lom
Ilyn Hyc Tar Coii3 Cap Hopce lumx Banm
Hurs Ve Hait Xyynb Hyx Omn Muu byy
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Table 3. Mongolian Monosyllabic Half-lists in Rank Order from Steepest to Shallowest Slope

1A 1B 2A 2B 3A 3B 4A 4B
Sp 3anp Xypx Coifz Xoon Jyu Hapc JEELY S
berx Ye Op Tar OBC Cap Oy Xyp3
JInitp Man Hait pICk) Hyx Xana Ton Bbyra
[un Wura Kop Mep bar Yyt Cyx Yyn
Koom Xubig Ec Kusx Hoox AMm Hagu 300pb
I'yyp Tooc Omn ban Mon beep byy yye
Tanx Xaan AwMT Xapu Xot Hym ac or
On Yono Iys Myyp Taiiz Myyp Xepiu Hyn
W Iynx Togu Yyxn YHC Oex Vrxk Omu
Cym Men [Han Cym Janx XoHb Ip Max
Oit XyH Xusc Sc 3aii Jlaa3 Banm Tumx
Ip Tan Xen lapig Dk 3ypx Lom Xymce
3yH I'ap Ant Hyx Hec Kun Yc Hyy
Xeic Hyc Xeo Cor Cam Haiip Hor Yr
Hyy Opn Sam Baap Hyyp Xyiic Taxp bap
Meer Haiiz Hasc Xuin bex byx ar Lyc
Hap 3am Ilamng Ilox YHb Hoapce Xyy Jyy
Boos Jlaa Toms Bbyc Apsc Honx [ITaBn Top
Hlyx XeBu [aara CyHc Mops Omu oo Carc
XaHb Hanc Onc Bap Hac Xypx Cyy Lyy
Iac Cyra Oiimc XaH1 3ap Ain Au Xam
Xyx Vyn 3yn Too Xyynb Baiip Meem Caa
Xeec 3ax Cyyn Xaiip Xyu Yux Hooc Muu
3aaH Xaify T'oBb Ten OMm Toc Yyp Xor
Xapa barm buiip Oru Kaan [Taap Jlam Hypc
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Table 4. Mean Performance of Mongolian Monosyllabic Lists and Half-lists

List / Half-list a bP Slope at 50%- Slope at 20-80%:* Threshold® AdBf
1 2.57810 -0.41409 10.4 8.96 6.18 0.02
2 2.50858 -0.42008 10.5 9.10 5.96 -0.20
3 2.74860 -0.43025 10.5 9.30 6.33 0.17
4 2.61353 -0.41292 10.3 8.94 6.18 0.02
M 2.61 -0.42 10.43 9.07 6.16 0.00
Minimum 2.51 -0.43 10.32 8.94 5.96 -0.20
Maximum 2.75 -0.41 10.52 9.30 6.33 0.17
Range 0.24 0.02 0.20 0.37 0.36 0.36
SD 0.09 0.01 0.09 0.15 0.13 0.13
1A 2.6418 -0.4156 10.39 8.99 6.25 0.09
1B 2.514 -0.413 10.31 8.93 6.11 -0.05
2A 2.4447 -0.4158 10.42 9.02 5.88 -0.23
2B 2.572 -0.424 10.61 9.18 6.04 -0.12
3A 2.8216 -0.4345 10.39 9.38 6.48 0.32
3B 2.6756 -0.4260 10.65 9.22 6.17 0.01
4A 2.4525 -0.3977 9.94 8.61 6.07 -0.09
4B 2.7746 -0.4281 10.7 9.26 6.29 0.13
M 2.61 -0.42 10.43 9.07 6.16 0.00
Minimum 2.44 -0.43 9.94 8.61 5.88 -0.28
Maximum 2.82 -0.40 10.70 9.38 6.48 0.32
Range 0.38 0.04 0.76 0.78 0.60 0.60
SD 0.13 0.01 0.23 0.23 0.17 0.17

ag - regression intercept. bb - regression slope. cPsychometric function slope (%/dB) at 50% was calculated from 49.999 to 50.001%. 9Psychometric
function slope (%/dB) from 20-80%. elntensity required for 50% intelligibility. fChange in intensity required to adjust the threshold of the list to the
mean threshold of four lists and eight half-lists (6.16 dB HL).

In Equation 1, p represents the proportion of correct recog-
nition, a is the regression intercept, b is the regression slope, 1
P ion i i i ic logicti p= — % 100
and i |§ the presentation intensity level in dB HL. Th|s Iog.|st|c 1+exp(—(a+b-1))
regression model was used to generate psychometric functions
across intensity levels.
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The predicted percentages of correct word recognition were
calculated for each monosyllabic word list and half-list across
a presentation range from —4 to 18 dB HL in 2 dB increments.
Using these values, psychometric functions were constructed for
each word list. Subsequently, the threshold (defined as the inten-
sity level required to achieve 50% word recognition), the slope at
the threshold, and the slope between 20% and 80% recognition
were calculated by substituting the corresponding proportions
into the inverse logistic equation (Equation 2).

In Equation 2, i represents the presentation intensity level in
dB HL, p is the proportion of correct recognition, a is the regres-
sion intercept, and b is the regression slope. The psychometric
function slopes at the 50% location for the monosyllabic lists and
half-lists ranged from 9.94 to 10.70%/dB (M=10.43 %!/dB) for
the talker's recordings. When measured between the 20% and
80% points of the functions, the slopes were slightly lower, rang-
ing from 8.61 t0 9.38%/dB (M = 9.07%/dB), compared with the
50% threshold midpoint. Logistic regression analysis was then
performed to model the relationship between presentation in-
tensity and word recognition. To examine list equivalence, a two-
way chi-square (x?) test was conducted with intensity and list as
independent variables and response as the dependent variable.
No statistically significant differences were found among the four
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v List 4
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50-word lists, x*(3) = 0.12, p = .98. A one-way analysis of vari-
ance (ANOVA) comparing mean intensity levels likewise revealed
no significant differences, F = 0.004, p = .9996, confirming
equivalence in both recognition performance and intensity pre-
sentation. Similarly, the eight 25-word half-lists were evaluated
using the same statistical methods. The two-way chi-square test
revealed no significant differences in recognition performance
across half-lists, x*(7) = 2.63, p = .918, and the one-way ANO-
VA showed no significant differences in mean intensity levels, F =
0.036, p = .9997. These findings suggest that both the complete
lists and half-lists were psychometrically equivalent in terms of
word recognition and presentation intensity.

The intensity of each word in the Mongolian monosyllabic
four lists and eight half-lists was digitally adjusted so that the
50% threshold of each list matched the overall mean threshold
of the four lists and eight half-lists (6.16 dB HL). The adjustments
applied to each word are summarized in Table 4. The psychomet-
ric functions of the monosyllabic lists and half-lists before and af-
ter adjustment are shown in Figures 1 and 2, respectively. Figure
3 presents the mean psychometric functions for the combined
complete lists and half-lists, both before and after normalization.
After intensity adjustment, the predicted psychometric functions
were highly consistent across all lists, requiring only minor modi-
fications (< +0.3 dB) to equate the 50% recognition thresholds.
These results demonstrate that the lists are both phonetically and
perceptually balanced, thereby supporting their equivalence and
validating their use in clinical speech audiometry.

B

5 10 20
Presentation Level {dB HL)

Figure 1. (A) Psychometric functions for the four Mongolian monosyllabic lists recorded by a single talker before intensity adjustments. (B) Psy-
chometric functions for the eight Mongolian monosyllabic half-lists recorded under the same condition.
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Presentation Level (dB HL)

Figure 2. (A) Psychometric functions for the four monosyllabic lists recorded by a single talker, after intensity adjustments to yield 50% recogni-
tion performance at 6.16 dB HL. (B) Psychometric functions for the eight monosyllabic half-lists recorded under the same conditions, demonstrat-

ing equivalent 50% recognition thresholds at 6.16 dB HL.

1001

801

60 i

Percent Correct Recognition (%)

== Before adjustment
— After adjustment

10 15 20

Presentation Level (dB HL)

Figure 3. Mean psychometric functions for monosyllabic word lists recorded by a single talker, before and after intensity adjustment. Adjust-
ments were applied to each list and half-list to equalize the 50% recognition threshold at 6.16 dB HL.

Discussion

The main purpose of this study was to develop a set of
homogeneous Mongolian monosyllabic word lists for assessing
auditory word recognition. Inspection of Figures 1-3 indicates
that the developed lists and half-lists demonstrated highly
homogeneous performance with respect to audibility and the
slopes of their psychometric functions. To examine whether
statistically  significant  differences existed between the
monosyllabic lists and half-lists, chi-square tests and one-way
analysis of variance (ANOVA) were conducted. As shown in Table
4, the analyses revealed no statistically significant differences

Vol.11, No.3, Sept 2025

among the four full lists or the eight half-lists.

In the present study, all monosyllabic words were recorded by
a single female speaker. While this could be seen as a limitation
regarding generalizability, previous research has consistently
shown that there are no statistically significant differences in
recognition performance between male and female speakers.
4144 Moreover, several studies suggest that female voices often
produce more consistent results in clinical and psychometric
settings, as their acoustic features (e.g., clearer formant
structures and higher fundamental frequency) are more easily
distinguishable.* Therefore, for this study, using a single female
speaker was considered both sufficient and appropriate to ensure
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list equivalence, especially since psychometric consistency,
phonetic balance, and word familiarity were prioritized over
speaker variation. As a result, the current study focused on
maintaining psychometric equivalence, phonetic balance, and
word familiarity across the lists rather than emphasizing talker
gender differences. Given the similar recognition performance
reported in the literature regardless of speaker gender, using
a single female speaker in this study is deemed adequate for
ensuring list equivalence.

The psychometric function slopes at 50% for the monosyllabic
lists and half-lists ranged from 9. 94 to 10. 70 %/dB (M = 10.
43 %/dB), as shown in Table 4. The slopes within the 20-80%
performance range varied from 8. 61 to 9. 38 %/dB (M =9.
07 %/dB). These results suggest steeper psychometric slopes
compared to those reported in most word recognition test
materials developed in other languages. For example, English
word recognition materials like NU-6 and CID W-22 have
shown average slopes of 4. 2%/dB and 4. 6%/dB, respectively;
Korean monosyllabic lists displayed slopes of 5. 0%/dB (male)
and 5. 1%/dB (female); and Russian lists yielded 5. 8%/dB and
5. 6%/dB. Conversely, a study of Persian monosyllabic word
lists reported an average psychometric slope of 20. 20.42%/
dB for words recorded by a male speaker, and 19. 24%/dB for
those recorded by a female speaker. Additionally, Mahdavi, et
al.'s* research indicated that thresholds and psychometric
slopes for monosyllabic CVC words ranged from 3.5 to 10. 7
dB HL and from 6. 2%/dB to 4. 1%/dB, respectively, aligning
with our findings. Variations in psychometric properties across
studies can stem from several factors, including presentation
level step size, calibration methods, and syllable structure of the
test words.*#647 Compared to other studies, the relatively steep
psychometric slopes (M = 9. 85%/dB) noted in the Mongolian
monosyllabic word lists may partially reflect the phonological
features of Mongolian. Most Mongolian monosyllabic words
follow a CVC (Consonant—Vowel-Consonant) structure, with
clearly articulated final consonants (such as /n/, /g/, /\l, Imi),
which enhance speech clarity and auditory distinction. Moreover,
Mongolian root words tend to be morphologically simple and
phonetically salient, aiding in higher word recognition rates
in suprathreshold conditions. In comparison to languages
with more diverse syllable structures, this linguistic uniformity
and acoustic clarity likely contribute to steeper psychometric
slopes, as participants could detect and recognize words more
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reliably at lower intensity levels. Thus, the results support the
idea that language-specific phonetic and structural features can
significantly shape the form and slope of psychometric functions
in word recognition testing.

In summary, our study successfully created and validated a set
of 200 Mongolian monosyllabic words that showed consistent
psychometric properties. These lists were phonetically balanced,
perceptually reliable, and statistically comparable between full
and half-lists. The materials developed offer standardized tools
for clinical audiological assessments and speech perception
research in Mongolia. Future research should explore word
recognition performance in noise, such as multi-talker babble, at
various SNR levels.
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