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Abstract 
Background and Aim: Evaluation of word reco-

gnition score requires multiple lists that must be 

similar in terms of difficulty level. There is curr-

ently no such word lists for the Persian language. 

The aim of this study was to construct several 

lists of Persian monosyllabic words with psycho-

metric homogeneity. 

Methods: The most common monosyllabic 

words were collected from a book of Persian 

word frequency. The selected monosyllabic 

Consonant-Vowel-Consonant (CVC) words 

were presented randomly to 30 normal hearing 

participants with the age range of 18 to 25 years. 

The presentation level was from 0 to 40 dB in 8 

dB increments. The characteristics of psycho-

metric function were determined for all words 

using the logistic regression. 

Results: The Persian CVC monosyllabic words 

have different difficulty levels with threshold 

varying from 2.8 to 37.2 dB HL and the slope 

from 2.3 to 16.4 %/dB. 

Conclusion: The final result of the present study 

is three full lists of monosyllabic words with 

CVC syllabic structure that have the same mean 

threshold and slope of psychometric function. 

The 25-word half-lists of each full list are similar 

in terms of psychometric characteristics. 
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Introduction 

Performance of word recognition in the quiet is 

an integrated part of basic speech audiometry that 

have several clinical applications, including dete-

ction a retrocochlear lesion, selection and fitting 

of an amplification, monitoring a progressive 

hearing loss and for compensation purposes. 

The Persian is a branch of Indo-Iranian langu-

ages, which is a branch of Indo-European langu-

age. As a non-tonal language, there are several 

dialects in the Persian such as Tehrani, Isfahani, 

Shirazi, Kermani, but the standard dialect is the 

most common one that is used in official comm-

unications, and in educational and media envi-

ronments. 

The history of developing the Persian mono-

syllabic word lists for speech audiometry goes 

back to Mosleh [1]. This researcher collected all 

monosyllabic words from the four-volume 

Moin’s Persian dictionary [2]. Mosleh determi-

ned the relative frequency of Persian phonemes, 

and compiled 12 25-word lists. These 12  

lists included five Consonant-Vowel-Consonant 

(CVC) lists, four Consonant-Vowel-Consonant-
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Consonant (CVCC) lists, and three combined 

CVCC and CVC lists that are claimed to have 

phonemic balance [1]. According to Delfi et al. 

[3], Mosleh’s word lists contain unfamiliar  

words that are not commonly used in the Persian-

speaking conversations and the word lists are not 

equivalent in terms of word familiarity [3]. 

The psychometric function relates the level of 

physical intensity of a stimulus to perceptual 

sensitivity. The psychometric function is usually 

described by two characteristics; threshold and 

slope. The intensity level corresponding to 50% 

correct recognition is defined as threshold (50%). 

The slope is the rate of change of correct recogni-

tion with the change of intensity level. For speech 

recognition, the function is S-shape, so that at the 

intensity levels lower than the threshold, the pro-

bability of word recognition towards 0%, and  

at the levels higher than the threshold, the pro-

bability tends to 100%. The slope of psycho-

metric function represents the degree of homoge-

neity of the difficulty of speech materials [4]. 

Previous studies on speech audiometry have used 

various statistical methods to establish the psych-

ometric function [5-7]. The most common statis-

tical method in these studies is the logistic regre-

ssion, in which a nonlinear relationship is estab-

lished between the intensity level of stimulus 

presentation as a continuous variable and a bin-

ary variable (correct or incorrect recognition of 

spoken material) [8]. 

Although there are studies that have investigated 

the psychometric homogeneity of Persian 1−10 

monosyllabic digits in quiet and noise [9,10], 

there is currently no list of monosyllabic words 

that have psychometric homogeneity for eva-

luation of word recognition performance in  

Iran. The present study aimed to develop Persian 

monosyllabic CVC word lists for speech recogni-

tion protocols. 

 

Methods 

Initially, all monosyllabic words were drawn 

from the Frequency Dictionary of Persian [11] 

that contains 5000 most frequently used words  

in the Persian language. There were 549 mono-

syllabic words in this book including 254 mono-

syllabic CVC words and 295 monosyllabic 

CVCC words. The words with the following con-

ditions were excluded; name of digit or color, 

conjunctions and prepositions, having an unusual 

and non-cultural meaning and proper name. 

The remaining 197 CVC words were professi-

onally recorded by a native Persian-speaking 

man at the studio in standard Persian dialect. To 

enhance the recording quality, each word was 

uttered three times by the speaker. Higher-quality 

recordings in articulation and intonation were 

selected. Each word was digitized as a 24-bit wav 

file at a sampling rate of 44.1 kHz. The mean 

root-mean-square of the words equated to the 

calibration tone of 1000 Hz. 

The digitized words were randomly distributed in 

23 to 25-word lists using a custom program. Each 

list had a code and printed to record the data. 

Given that there are seven presentation levels 

from 0 to 40 dB HL, it is required to make seven 

random sequences from the lists. The word lists 

were presented ascending from 0 dB to 40 dB HL 

in each of the 8 dB steps. 

The characteristics of the psychometric function, 

including threshold (50%) and slope of the func-

tion at threshold point or slop (50%) for each 

word were determined using the logistic regre-

ssion [8]. The words which psychometric func-

tion characteristics exceeded 1.2 SD of the mean 

recognition function of 197 CVC words were 

excluded. Finally, 150 words remained, which 

were randomly distributed in three lists of 50-

word. The words in each full list were sorted by 

threshold and slope. Even row words were listed 

as the half-list A and odd row as the half-list B. 

The raw data was reanalyzed for obtaining the 

psychometric function characteristic of the half-

lists. 

 

Results 

The threshold (50%) of common Persian words 

used in the current study ranged from 2.85 dB HL 

(word /sæf/) to 37.20 dB HL (word /qæd/). Slope 

(50%) varied from 2.27 %/dB (word /qæd/) to 

16.41 %/dB (word /sæf/). Fig. 1 shows the psych-

ometric function of all CVC words using the 

logistic regression model. 

Threshold (50%) and slope (50%) of 150 words 

was within 1.2 SD of mean threshold (50%) and  
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slope (50%) of all CVC words. These 150 words 

were sorted by difficulty level and distributed 

into three 50-word lists. We entitle these word  

lists firstly constructed in Shahid Beheshti Uni-

versity of Medical Sciences as SBMU-1 words. 

Table 1 contains the mean and standard deviation 

of the percentage of correct recognition of the  

full and half-lists at the presentation levels along 

with characteristics of the fucntions. As this table 

shows, the recognition score tends to 0% at 0 dB 

HL and tends to 100% at 40 dB HL. 

Fig. 2 indicates the mean functions of 25-word 

half-list of each full list. The similarity of the 

psychometric functions of the half-lists makes it 

possible to use them interchangeably. 

 

Discussion 

The aim of this study was to compile several 

homogeneous lists of monosyllabic words that 

can be used in speech audiometry protocols. To 

achieve homogeneous lists, we chose words for 

each list based on the threshold and slope of the 

psychometric function. The result of this research 

was three lists of 50 CVC monosyllabic words 

that are very similar in terms of psychometric 

function characteristics. Because most audiolo-

gists use half-lists to determine word recognition 

score, two 25-word half-lists were compiled from  

Table 1. Mean (standard deviation) of the psychometric function characteristics and the predicted 

corrected response (%) in the presentation levels for constructed word lists 

 
 Mean (SD) of the psychometric function characteristics  Presentation level (dB HL) 

 Regression 

intercept 

Regression 

slope 

Threshold 

(dB HL) 

Slope 

(50%) 

(%/dB) 

Slope 

(20−80%) 

(%/dB) 

 0 8 16 24 32 40 

List 1 2.57  

(0.52) 

−0.30 

(0.05) 

8.69  

(2.01) 

7.54 

(1.23) 

6.53  

(1.07) 

 7.85 

(3.54) 

46.53 

(14.09) 

88.13 

(7.77) 

98.42 

(1.42) 

99.81 

(0.22) 

99.98 

(0.03) 

Half 

1A 

2.61  
(0.51) 

−0.31 
(0.05) 

8.62  
(2.01) 

7.75 
(1.31) 

6.71  
(1.13) 

 
7.55 
(3.42) 

47.23 
(14.39) 

88.83 
(8.01) 

98.56 
(1.42) 

99.83 
(0.20) 

99.98 
(0.03) 

Half 

1B 

2.53  

(0.53) 

−0.29 

(0.05) 

8.76  

(2.04) 

7.33 

(1.14) 

6.35  

(0.99) 
 

8.16 

(3.70) 

45.84 

(14.05) 

87.43 

(7.62) 

98.29 

(1.44) 

99.78 

(0.23) 

99.97 

(0.04) 

List 2 2.59  

(0.69) 

−0.31 

(0.05) 

8.52  

(2.47) 

7.77 

(1.30) 

6.72  

(1.13) 

 8.23 

(4.78) 

47.65 

(16.95) 

88.53 

(9.19) 

98.43 

(2.03) 

99.79 

(0.38) 

99.97 

(0.07) 

Half 

2A 

2.65  

(0.70) 

−0.30 

(0.06) 

8.91  

(2.40) 

7.57 

(1.40) 

6.55  

(1.21) 
 

7.82 

(4.42) 

44.86 

(15.94) 

87.13 

(9.53) 

98.11 

(2.41) 

99.73 

(0.49) 

99.96 

(0.09) 

Half 

2B 

2.53  

(0.68) 

−0.32 

(0.05) 

8.13  

(2.54) 

7.96 

(1.20) 

6.89  

(1.04) 
 

8.65 

(5.18) 

50.45 

(17.77) 

89.93 

(8.81) 

98.75 

(1.54) 

99.86 

(0.22) 

99.98 

(0.03) 

List 3 2.57  

(0.60) 

−0.30 

(0.06) 

8.74  

(2.22) 

7.56 

(1.44) 

6.54  

(1.24) 

 8.05 

(4.07) 

46.16 

(15.74) 

87.57 

(8.24) 

98.28 

(1.58) 

99.78 

(0.26) 

99.97 

(0.04) 

Half 

3A 

2.48  

(0.52) 

−0.30 

(0.05) 

8.58  

(2.21) 

7.42 

(1.26) 

6.42  

(1.09) 
 

8.50 

(3.83) 

47.41 

(15.34) 

87.87 

(8.42) 

98.23 

(1.82) 

99.76 

(0.31) 

99.97 

(0.05) 

Half 

3B 

2.67  
(0.67) 

−0.31 
(0.06) 

8.89  
(2.26) 

7.69 
(1.61) 

6.66  
(1.39) 

 
7.59 
(4.33) 

44.91 
(16.34) 

87.27 
(8.22) 

98.32 
(1.35) 

99.80 
(0.19) 

99.97 
(0.03) 

 

 

Fig. 1. Individual psychometric functions of 

197 Persian consonant-vowel-consonant words 

(Logistic regression). 
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each list, which are very similar to their full  

50-word list in the characteristics of the psycho-

metric function (Table 1, Fig 2). 

The results of the present study confirm the fact 

that CVC monosyllabic words have different 

psychometric characteristics. This finding enco-

urages the Iranian audiologist to employ the 

monosyllabic word lists with homogenous diffi-

culty. 

There are several studies that have developed 

word lists for different languages (Table 2). 

As Table 2 shows, the threshold (50%) and slope 

values of the psychometric functions for mono-

syllabic words are in the range of 10.7-13.5 dB 

HL and 4.1-6.2 %/dB respectively. The results of 

the present study are in part comparable to the 

studies mentioned in this table. In out-of-date 

American-English studies on the monosyllabic 

words Nu-6 and W-22, the slope of the psycho-

metric function was in the range of 3.6-5.6 %/dB 

[12,13]. Even in one language, the slope of the 

psychometric functions of developed word lists 

may not be the same. Wilson and Oyler [13] 

compared the psychometric functions of the W-

22 and the NU-6 words recorded by the same 

carrier phrase and speaker. Threshold (50%) was 

15.6 dB HL for W-22 and 13.4 dB HL for NU-6 

words. The words Nu-6 had a slightly steeper 

slope than the words W-22. Heckendorf et al. [7]  

reported the slope of 4.1%/dB for W-22 and 1.9 

%/dB for PAL-50 words [14]. The observed 

differences in the characteristics of the psycho-

metric function among previous studies are due 

to various factors such as the sex of the speaker, 

intensity steps in word presentation, and calib-

ration of spoken material [14]. Statistical models 

used, and the syllable type (CVC versus CVCC) 

of monosyllabic words are different across the 

studies. 

This study, like several other studies [15-17], has 

not considered the phonemic balance of word 

lists because First, researchers believe that a 50-

word list does not achieve the relative phonemic 

frequency of a language [17,18]. Second, accor-

ding to Martin et al. [19], the phonemic balance 

does not guarantee the audibility homogeneity. 

Third, the phonemic balanced words like Nu-6 in 

quiet cannot estimate the extent of speech comm-

unication problems in a noisy environments unl-

ess the recognition performance in quiet is weak 

[20]. 

Further studies are required to investigate the 

equivalency of the lists constructed in this study 

in presence of hearing loss. 

 

Conclusion 

The present study determined the psychometric 

characteristics of common and familiar Persian 

consonant-vowel-consonant words with standard  
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Fig. 2. The psychometric function of mean 

correct recognition for the half-lists (Third-

degree polynomial). 
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dialect, and constructed three full 50-words lists 

entitled Shahid Beheshti University of Medical 

Sciences-1 (SBMU-1) word lists that have psy-

chometric homogeneity. Each full list has two 

25-word half-lists with very similar psycho-

metric characteristics. 
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