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ABSTRACT

PSYCHOMETRICALLY EQUIVALENT ARABIC MONOSYLLABIC WORD

RECOGNITION MATERIALS

Maida Christine Robertson
Department of Communication Disorders

Master of Science

The purpose of this study was to develop, digitally record, evaluate, and
psychometrically equate a set of Arabic monosyllabic word lists to use in the
measurement of the word recognition score. Familiar Arabic monosyllabic words were
digitally recorded by a native male talker from Jordan who was judged to have a
standard Arabic dialect. Twenty native Arabic participants with normal hearing were
used as subjects to determine the percentage of correct word recognition for each word
at 10 intensity levels ranging from -5 to 40 dB HL in 5 dB increments. The monosyllabic
word data were analyzed using logistic regression. The words producing the steepest
psychometric function were included in the final word lists. Four lists of 50 words each
were created and eight half-lists (25 words each) were created from the four lists. A Chi-

square analysis was performed, revealing no statistical differences among the lists and



half-lists. The mean monosyllabic psychometric function slopes at 50% for lists and

half-lists were 4.8%/dB.
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Introduction

A standard audiologic evaluation typically includes a measure of one’s ability to
understand and process speech, also known as speech audiometry. An essential
component during a speech audiometry evaluation is determining the individual’s word
recognition score. Word recognition testing determines one’s ability to correctly perceive
and repeat a list of words presented at a suprathreshold level. Though word recognition
tests are widely available in the @ted States and in a variety of languages, there are
unfortunately none currently adequate to evaluate word recognition for patients whose
native language is a standard Arabic dialect. Pure-tone testing is widely available in most
countries and cultures because there is no language barrier, allowing the test to be
performed using the same procedures and criteria across many languages. Though pure-
tone testing is beneficial in determining a hearing loss, further evaluation is needed to
determine the effect of hearing impairment on speech comprehension (Carhart, 1951;
Cramer & Erber, 1974; Davis, 1948; Doyone & Steer, 1951; Erber, 1974; Hirsh, et al.,
1952). Word recognition testing is able to determine the affects a hearing impairment has
on one’s ability to discriminate among different words. The problem lies in the language-
based nature of the test. The test needs to be administered in the same language of the
listener, if not, the results may be invalid. Word recognition testing is dramatically
influenced by the phonetic, melodic, and intonational differences among languages
(Carhart, 1951). In order to accurately determine one’s word recognition ability, the test
must be administered in the native language of the individual.

Lack of appropriate speech audiometry material becomes an obstacle, especially

in developing countries. In developing countries, there is a high rate of hearing
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impairment but insufficient trained audiologists, deaf educators, or technicians to provide
full service intervention. According to the World Health Organization (WHO), the
number of deaf and hard of hearing individuals in developing countries is twice as many
than in developed countries (Smith, 2001). In the United States, the American Academy
of Audiology (2004) has reported up to 3 in every 1,000 healthy newborns have a hearing
impairment. For comparison, in Jordan, it is estimated that 6 in every 1,000 healthy
newborns have a hearing impairment (Al-Masri, 2003). This high rate of hearing
impaired infants is most likely due to the high rate of consanguineous marriages in the
Arabic culture. These statistics may actually underestimate the prevalence of hearing
impairment due to the lack of epidemiology services in developing countries. According
to Smith (2001) the number of infants with a hearing impairment is estimated to be
double what has been reported. According to the WHO, the prevalence of ENT’s range
from 1/30,000 to 1/150,000 in developed countries and 1/2,000,000 in less developed
countries.

Though hearing impairment is more prevalent in developing countries, services
and technology are still very limited (Jauhiainen, 2001; WHO, 1998). There is a need for
adequate audiologic personnel, equipment and materials to correctly identify hearing
losses early and thereby implement early intervention. The purpose of this study is to
develop word recognition test materials for the assessment of patients who speak the
Arabic language, specifically, for individuals from Jordan and Palestine who speak
Arabic.

Review of Literature

Speech audiometry has been used to evaluate hearing long before the pure-tone



test was created. The first tests were not created for the purpose of evaluating the hearing
impaired population, but for the evaluation of various communication devices. It was not
until much later that some of the techniques were also found useful in evaluating the
hearing impaired population. Since the first test, speech audiometry has progressed
significantly. Adequate quantification of speech audiometry tests is a fairly recent
accomplishment.

In the 1920s Campbell (as cited in Berger, 1971) developed speech audiometry
techniques to evaluate the efficiency of telephone sound transmitting equipment.
Campbell used a list of nonsense syllables transmitted over the phone. The listener would
then repeat the nonsense syllables and compare their results with the original
vocalization. This test became very popular and was known as the Standard Articulation
Test. The main advantage to this test was its unbiased nature. The listener’s previous
vocabulary knowledge would not affect the outcome of the test. However, while this was
a good technique to eliminate confounding variables, it also created one. The human ear
is trained to listen for the specific sounds and sound combinations of their native
language. It is unnatural and unrealistic to expect an accurate measure of speech
comprehension when the listener is evaluated using syllables that have no meaning in
their native language (Berger, 1971).

In 1929, Fletcher proposed the use of monosyllabic words for testing deaf
populations (Fletcher, 1953). Monosyllabic words have a simple phonetic structure yet
still have meaning and were thereby functional to the listener. At the close of World War

I, the Harvard Psychoacoustic Laboratories created the PAL-PB 50 Lists to evaluate the



hearing impaired. This test was used in Army and Navy rehabilitation programs (Berger,
1971).

Since that time, numerous speech audiometry tests have been created, evaluated
and used daily with hearing impaired populations. Historically, speech audiometry was
primarily used to make audiological diagnoses: was the hearing impairment
sensorinerual, conductive, or mixed? Although, these diagnoses are now made through
much simpler techniques and tests, speech audiometry still plays a vital role in the
audiological evaluation. Pure-tone testing is not capable of evaluating the functional
hearing abilities of patients because our world does not communicate through simple
tones, but through complex speech. Herein lies the value of speech audiometry.
Currently, the primary role of speech audiometry is in monitoring auditory rehabilitation,
and the assessment of hearing aids and social handicaps (Lyregaard, 1997). The ultimate
success of auditory rehabilitation and hearing aids of any kind is based on the
individual’s ability to perceive and understand speech. The purpose of speech audiometry
is to answer three questions: (a) What is the lowest intensity at which the listener can
barely identify simple speech material? (b) How well does the listener understand
everyday speech under everyday conditions? and (c) What is the highest intensity at
which the listener can tolerate speech? (Berger, 1971). These questions and the ability to
comprehend spoken language can be evaluated through speech audiometry.

The two basic components of speech audiometry are the Speech Reception
Threshold (SRT) and the word recognition score. Each is an important and essential part
of the audiological exam. The SRT is the lowest level at which the listener can identify

familiar speech materials 50% of the time. Lists of spondaic words are presented to the



listener at various levels to determine the threshold. The SRT is valuable because it lends
validity to results obtained from pure-tone testing (American Speech-Language-Hearing
Association, 1988). Pure-tone thresholds and SRT typically agree with one another for
both normal and hearing impaired populations. The SRT also has a high degree of
validity (Carhart & Porter, 1971; Fletcher, 1929; Fletcher, 1950; Hughson & Thompson,
1942; Wilson, Morgan, & Dirks, 1973). The SRT is also used as a reference level for
supra-threshold testing (word recognition) and often serves as the starting point in an
audiological evaluation.

The word recognition score has had many names, including speech discrimination
and suprathreshold speech recognition testing. For the purposes of this paper, the term
word recognition will be used. This term better reflects the true nature of the test, since
the listener is not asked to discriminate between words but to identify words. In word
recognition, the test is conducted at intensity levels above the listener's SRT to determine
the percentage of words the listener can correctly perceive and comprehend. This test is
generally used to evaluate the listener’s everyday hearing function. Unlike the SRT word
lists, in the word recognition test, lists of monosyllabic words are typically used in
English. Typically in pure-tone audiometry, the stimulus, or tone, is presented several
times until the statistical average is found. In word recognition testing, the stimulus
cannot be presented multiple times due to the possible influence of learned effects,
thereby invalidating the results of the test. For this reason, in word recognition testing
there are a list of words chosen and each stimulus is presented once (Lyregaard, 1997).
Though word recognition has high face validity due to the functionality of the stimuli

used, it has been proposed that perhaps using sentences would lend a higher validity,



since oral communication generally takes the form of sentences rather than single words.
However, when sentences are presented as the stimulus, the results are a measurement of
both central and peripheral hearing, thus possibly confounding the results. Due to this
confounding variable, monosyllabic words are the best choice for word recognition
stimuli due to their simple, yet functional nature (Lyregaard, 1997).

Several word recognition tests have been created for the evaluation of the hearing
impaired. Common word recognition tests that are clinically used in English are: Central
Institute for the Deaf W-22 (CID W-22; Hirsh et al., 1952), Northwestern University
Auditory Test No. 6 (NU-6; Tillman & Carhart, 1966), Phonetically Balanced
Kindergarten Test (PBK-50; Haskins, 1949), and Northwestern University Children’s
Perception of Speech (NU-CHIPS; Elliot & Katz, 1980). Similarities between all studies
include the measures of correct responses as a function of intensity presentation and the
use of familiar and high usage words. A common representation of word recognition test
results is through a psychometric function as displayed by an ogive or S-shaped curve.
This curve represents how an individual’s hearing ability increases with an increased
intensity level (Carhart, 1951).

Numerous studies have looked at specific aspects of word recognition that make
tests more accurate. Multiple studies have found that speech materials produced by
different talkers elicit varied psychometric functions (Beattie, Edgerton, & Svihovec,
1977; Beattie, Svihovec, & Edgerton, 1975; Carhart, 1965; Doyne & Steer, 1951; Hirsh,
Reynolds, & Joseph, 1954; Kruel, Bell, & Nixon, 1969; Wilson & Carter, 2001; Wilson
& Oyler, 1997). Carhart (1951) stressed the importance of using familiar words of the

native language of the listener. In 1948, Egan proposed six criteria for selecting words to



formulate word lists for word recognition testing in English: (a) monosyllabic structured
words, (b) equal average of difficulty among lists, (c) equal range of difficulty within
lists, (d) equal phonetic composition among lists, (¢) composition representative of
spoken English, and (f) commonly used words.

From the studies of Carhart (1951) and Egan (1948), one can conclude that word
lists for word recognition testing not only need to be familiar, monosyllabic words, but
the presentation of words also needs to be unvarying, as well to satisfy Egan’s criteria.
That is, the presentation of word lists need to be similar across all listeners. This can most
easily be done through digital recordings, and by using the same talker to record the test
materials.

In the Arabic language, there are primarily two different studies which have
addressed word recognition. Studies done by Alusi, Hinchcliffe, Ingham, Knight, and
North (1974) and Ashoor and Prochazka (1982) are the only two word recognition tests
available for Arabic speaking populations. Both studies used monosyllabic words for the
word lists, based on the research done by Fry (1964) and Hirsh et al. (1952). In addition,
Knight and Littler (1953) reported that monosyllabic words detect word recognition
difficulty associated with hearing impairment better than other word structures. Studies
by Alusi et al. (1974) and Ashoor and Prochazka (1982) used the common monosyllabic
structures of CV, CVCC, CVVC, CVVCC with all 28 consonants and 6 vowels of the
standard Arabic dialect. Standard Arabic was used to guarantee familiarity of words used
since standard Arabic is used in schools and universities for teaching and is the language
of the mass media. All words were selected from elementary school books, children’s

stories, daily newspapers, and excluded any absurd or technical words. Both studies



attempted to create phonetically balanced word lists on based on frequency of consonant
and vowel occurrence. Alusi et al. (1974) divided 150 words into 6 phonetically balanced
lists of 25 words each and Ashoor and Prochazka (1982) divided 120 words into 6
phonetically balanced lists of 20 words each. Ashoor and Prochazka collected familiarity
ratings from a large number of participants from Saudi Arabia to ensure the commonality
of the words included on the word lists. Ashoor and Prochazka recorded the words by
analog in the standard Saudi dialect and Alusi et al. recorded the words in the standard
Baghdad dialect. Though both tests were found to be valid for their select populations,
they are not widely distributed. This may be due to the fact that there is a great shortage
of audiological services in these countries. Another cause may be due to the dialectal
differences in the Arabic language. The Arabic language has many different dialects, and
test materials for one dialect may not be appropriate for accurate testing of another
dialect, as implied by Carhart (1951).

Though studies done by Alusi et al. (1974) and Ashoor & Prochazka (1982)
appear to be adequate for their respective dialects, Baghdad and Saudi, based on research
discussed previously regarding efficient and accurate word recognition testing, a few
challenges still remain. The primary dilemma is that each specific regional dialect of
Arabic needs to have a specific test using that specific dialect. Furthermore, not all
current tests take into account the complex characteristics of Arabic, standard versus
colloquial dialects. There are 21 independent Arabic nations with an approximate
population of 183 million Arabic speakers. Within this vast population there are varying
dialects of the Arabic language, with a common dialect known as Modern Standard

Arabic (American Association of Teachers of Arabic, 2003). The difference between



standard Arabic and colloquial dialects is known as diglossia. Diglossia is defined as a
stable language situation where in addition to the typical dialect; there is a very divergent
variation which is learned mostly through formal education and used only in written form
and in formal spoken occasions. However, it is not used for ordinary conversations in the
everyday language used in the community (Ferguson, 1959). Standard Arabic is the main
language used by the mass media, and is the primary language used to teach in schools
and universities whereas colloquial dialects are used in social settings. Therefore the
general Arabic speaking population has been exposed to and is familiar with both
Standard Arabic and colloquial dialects (Altoma, 1969; Fatihi, 2001; Ferguson, 1959).
Standard Arabic is considered to be syntactically more complex and more prestigious
than colloquial dialects of Arabic. Colloquial dialects are regionally based. The closer the
regions are in physical proximity, the dialects are more compatible. The further apart the
regions, the dialects are less compatible (Fatihi, 2001). Similarities between languages
include numerous shared words and the basic syllable structure of words (Altoma, 1969).
The differences between colloquial dialects and standard Arabic need to be considered
before developing speech audiometry materials.

For the current study, standard Arabic was used since it is the language of formal
oral communication and is typically understood by all Arabic populations. In addition,
word lists were recorded using digital technology. While analog technology is adequate,
digital technology is far superior and more appropriate and accurate for modern test
situations. Digital recordings have increased channel separation, increased dynamic
range, improved signal-to-noise ratio, reduced harmonic distortion, elimination of wow

and flutter associated with tape recordings, and have a longer storage life without
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distortion. Digital recordings can also be saved and modified efficiently and uniformly.
With the use of custom software, digital recordings can be presented in varied intensity
levels and can be easily randomized (Kamm, Carterette, Morgan, & Dirks, 1980;
Ridgeway, 1986; Sony, 1991). Due to these advanced features, it is clear that digital
recordings will provide a more accurate and uniform presentation of stimulus words.

All of the factors discussed above lead to a call for a more standardized,
appropriate word recognition test for the standard Arabic language. Thus, this study will
attempt to create psychometrically equivalent monosyllabic word lists following these
criteria (Carhart, 1951; Egan, 1948). The creation of these materials will take into
account the specific characteristics of the Arabic language to produce lists for accurate
word recognition testing for patients whose native language is Arabic.

Method
Participants

Twenty native Arabic speakers participated in this study by evaluating the
monosyllabic words; 8 females and 12 males. All participants originated from Jordan,
Israel, or Palestine, ranged in age from 18 to 39 years (M = 23.1 years), and self-reported
speaking Arabic regularly. Participants in this study possessed pure-tone air-conduction
thresholds <15 dB HL (ANSI, 2004) at octave and mid-octave frequencies from 125 to
8000 Hz. Static acoustic admittance was between 0.3 and 1.4 mmhos with tympanometric
peak pressure between -100 and +50 daPa (American Speech-Hearing-Association, 1990;
Roup, Wiley, Safady, & Stoppenbach, 1998). A summary of participant thresholds are

listed in Table 1.
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Table 1

Age (in years) and Pure Tone Threshold (dB HL) Descriptive Statistics for the 20 Arabic

Participants

M Minimum Maximum SD
Age 23.1 18 39 4.9
125 Hz 1.8 -10 10 4.9
250 Hz 0.5 -10 10 54
500 Hz 4.0 -5 15 5.0
750 Hz 3.5 -5 15 4.3
1000 Hz 2.8 -5 10 4.1
1500 Hz 3.3 0 10 3.7
2000 Hz 1.8 -5 10 4.1
3000 Hz 2.3 -10 15 6.2
4000 Hz 1.8 -10 15 6.1
6000 Hz 1.0 -10 15 7.7
8000 Hz -0.8 -10 15 7.1
PTA* 2.8 -5 8 3.2

*PTA = average pure-tone thresholds at 500, 1000, & 2000 Hz.
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Materials

Words. Monosyllabic words were selected for the purpose of creating lists of 25
words to create word recognition testing material. Words were chosen based on Egan’s
(1948) six criteria for selecting words for word recognition lists: monosyllabic structured
words, equal average of difficulty among lists, equal range of difficulty within lists, equal
phonetic composition among lists, composition representative of spoken English (in this
case, spoken Arabic), and commonly used words. To fulfill these criterion, Arabic words
were selected from three different sources: a word frequency list provided by Landau
(1959) which he derived from modern prose and daily newspapers from Lebanon, Egypt,
Iraq and Palestine; a list of Arabic key words for learners of everyday Arabic as a second
language (Quitregard, 1994); and children’s books. Words chosen also represented
colloquial and standard Arabic, in that each word had similar forms in colloquial and
standard Arabic. Words chosen for this study adhered to the following syllabic structures:
CV, CVC, CVCC, CVVC, and CVV (Altoma, 1969). Words chosen followed those
phonetic patterns. The initial list of monosyllabic words contained 210 words. Additional
words were added to the list from Landua and Quitregard and were rated by a native
audiology doctoral student from Palestine. The student ranked each word in order from
most familiar to least familiar and eliminated ambiguous words. The highest rated 250
words were selected for recording. Recorded words were found to be familiar and
culturally sensitive to the Arabic language.

Talkers. Initial test recordings were made using five male native Arabic-speaking
individuals from Jordan. Each participant made 5 minute preliminary recordings of

continuous speech for the purpose of further evaluation. Five native Jordanians were
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asked to judge the samples of continuous speech using a 10 point scale based on the ease
of understanding and the accuracy of the Jordanian dialect. The highest ranked talker
became the talker for all subsequent recordings.

Recordings. All recordings were made on the Brigham Young University campus
in Provo, Utah, USA in a large anechoic chamber. Ambient noise levels in the anechoic
chamber were measured at approximately 0 dB SPL, allowing for a signal-to-noise ratio
of approximately 65 dB during recording sessions. A Larson-Davis 2541 microphone was
placed approximately 15 cm from the talker at a 0° azimuth and was covered by a 7.62
cm windscreen. The microphone signal was amplified by a Larson-Davis model 900B
microphone preamp, coupled to a Larson-Davis model 2200C preamp power supply. The
signal was digitized at a 44.1 kHz sampling rate with 24-bit quantization by an Apogee
AD-8000 analog-to-digital converter, with preamp gain set to utilize the full range of the
24-bit analog-to-digital converter. The digitized signal was stored on a hard drive for later
editing.

The talker was asked to pronounce each monosyllabic word at least four times
during all recording sessions. The first and last word of each recording was eliminated to
avoid possible list effects. The remaining words were evaluated by a native Arabic-
speaking judge (an audiology doctoral student from Palestine) for the best perceived
quality of production. The best word was then included on the Arabic speech audiometry
test recordings. Any words that were judged to be poorly recorded (peak clipping,
extraneous noise, etc.) were rerecorded or eliminated from the study. The final recordings
of words were digitally stored as wav files. A total of 250 words were chosen to be

included in the word recognition test. Each word was saved as a separate file and digitally
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edited to have the same level of root mean square (RMS) as the 1 kHz tone. The 250
words were randomly divided into ten lists of 25 words each.
Calibration

The audiometer was calibrated weekly and prior to each data collection session in
accordance to ANSI (2004) standards. No changes in audiometric calibration were
necessary during the course of data collection.
Procedures

Custom software was used to control the presentation and randomization of each
word file. The software also has the ability to document gathered data in a spreadsheet,
including the following: date and time of presentation, participant assigned number,
participant gender, test ear, talker gender, intensity level, signal to noise ratio, list name,
time of recording per list, wav file, stimulus word, and participant response. The signal
was routed from a computer containing the custom software to the external inputs of a
Grason Stadler model 1761 audiometer. The stimuli were routed via a single TDH-50P
headphone from the audiometer to the subject, who was seated in a double-walled sound
suite meeting ANSI S3.1 standards (ANSI, 1999) for maximum permissible ambient
noise levels for the ears not covered condition using one-third octave-band
measurements. For consistency, each participant’s test ear was covered by the right
headphone. Before testing each participant, the inputs to the audiometer were calibrated
to 0 VU using the 1 kHz testing tone in combination with the custom software.

Participants were not familiarized with the monosyllabic word lists prior to
testing. The word lists were presented at ten different levels: -5 to 40 dB HL in 5 dB

steps. Across all participants, each list was heard at every presentation level an equal
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number of times. Prior to testing, each participant was read the following instructions:

You will hear monosyllabic Arabic words (words with one syllable) at several

different loudness levels. At the very soft loudness levels it may be difficult for

you to hear the words. Please listen carefully and repeat the words you hear. If
you are unsure of the word, you are encouraged to guess. If you have no guess,
please be quiet and listen for the next word. Do you have any questions?

All participants spoke English fluently and a native Arabic speaker was available
to answer any questions and aid in the interpretation of the words repeated. Words were
marked correct if participant’s vocal response matched the written form shown on the
computer screen through the customized software. Dialectal differences were not
considered incorrect as long as the meaning of the word was not affected.

Results

The 250 words were ranked from “difficult” to “easy” to perceive. The most
difficult words were eliminated and the easiest 200 words were kept. The 200 words
which were easiest to perceive were divided into 4 lists of 50 words each. Each list was
counterbalanced using random block assignment. The first 4 words from the rank-ordered
list of 200 were randomly assigned to one of 4 lists (list 1, 2, 3, or 4). This process was
repeated until each list consisted of 50 words. Table 2 contains the four balanced lists of
monosyllabic words ranked from most difficult to easiest.

Once the 4 lists were constructed 8 half-lists of 25 words each were developed. The
half-lists were created from each list by assigning the first word in the list as an A or a B,
assigning the second word with the opposite letter, and then counterbalancing the

designation of the remaining words. Once all the words were assigned a letter the list was
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Table 2

Arabic Male Monosyllabic Lists in Rank Order from Most Difficult to Easiest

List 1 List 2 List 3 List 4
ose & Lila Cinlia Jas e dai "
s o BB P ol G pa Ladl Cxa
Jas sl RIS il Cas e Jes e
& cala TS cea Jdsh alac oK e
Ein - —aic s 0 g o ped
s o G G dai P o des
S des o <l Al b o~ Jis
A cle & oA il o SIS et
=T ba RN & - L) & e
ol (e K A B e o s
A e B BEN TN OA O ok
s g Gl REN X B oae Juad
oa b Jss i G e Yo Ja o
o ol e Opa P Jib e pas
e sy el Cass oy Gl Can 4y
TN o=la e B b pla o ol
5 d G Qs s s Nt :
b <) ey oa)l oA B U= f T
P (ko o s Cia Jas s xt
g5 g5 T @0 e e gt s
Jda o G & g ien B~ B LVEN
dal BT b BT e ) e pan
D) o3 G g B BN o st d>
T pa BEN oaad e BT et D
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divided into 2 half-lists. Half-lists of monosyllabic words are included in Table 3 ranked
from most difficult to easiest. All lists are shown in Arabic going from left to right.

Logistic regression was used to calculate regression slopes and intercepts for each
of the monosyllabic lists and half-lists. The logistic regression slope and intercept values
for each list and half-list are presented in Table 4. These regression slope and intercept
values were then inserted into a modified logistic regression equation (Equation 1) that
was designed to calculate percentage of correct performance for any given intensity level.
Percent correct values were then used to construct psychometric functions.

exp(a +bxi)
1+exp(a+bxi)

=(1- X100 (1)

In Equation 1, P is percentage correct recognition, a is the regression intercept, b is the
regression slope, and i is the presentation intensity level in dB HL. By inserting the
regression slope, regression intercept, and intensity level into Equation 1, it is possible to
predict the percentage of correct word recognition for any given intensity level.
Percentage of correct word recognition was predicted for each of the monosyllabic lists
and half-lists for a range of -10 to 40 dB HL in 5 dB increments. Psychometric functions
were then produced using the predicted percentages. The threshold (presentation intensity
required for 50% word recognition performance), the slope at threshold, and the slope
from 20 to 80% were calculated for the monosyllabic lists and half-lists by inserting the
specified proportions into Equation 2. Data for the threshold, slope at threshold, and slope
from 20 to 80% for each list and half-list are also presented in Table 4 along with the

regression slope and intercept values.
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Table 3

Arabic Male Monosyllabic Half-lists in Rank Order from Most Difficult to Easiest

List 1A List1B  List2A  List2B  List3A  List3B  List4A  List4B

il & al S ele i da ped
Jual oA i G pe = e Qe
ok - il g™ o~ g e b
7y zle v [EIWEN ISYEN P Jaa Jaad
Li Jas OA REN Ao L) pasd Y
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o) 3l =P s a0 ol da 2K
<l o BB i Jdsb ~ 24 YES
A i S Gl RN G o= [EEN
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g b e’y ) el Ciia e 8
a5 B <L O o ad oa i Can
Ja i e i o e e g
dal g5 b @D e e s e
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Table 4

Mean Performance of Arabic Male Monosyllabic Lists and Half-lists

Slope Slope from 50%

List Intercept®  Slope” at 50%¢ 20 to 80%" Threshold®
1 3.3716  -0.1927 4.8 4.2 17.5
2 3.3482  -0.1908 4.8 4.1 17.6
3 3.6010 -0.2058 5.1 4.5 17.5
4 3.2958 -0.1862 4.7 4.0 17.7
M 3.4042  -0.1938 4.8 4.2 17.6
Minimum 3.2958 -0.2058 4.7 4.0 17.5
Maximum 3.6010 -0.1862 5.1 4.5 17.7
Range 0.3053 0.0196 0.5 0.4 0.2
SD 0.1350 0.0084 0.2 0.2 0.1
1A 3.8167 -0.2181 5.5 4.7 17.5
1B 3.0437 -0.1739 4.3 3.8 17.5
2A 3.2279  -0.1855 4.6 4.0 17.4
2B 34774 -0.1964 4.9 4.3 17.7
3A 3.5614  -0.2035 5.1 4.4 17.5
3B 3.6417 -0.2081 5.2 4.5 17.5
4A 3.3051 -0.1856 4.6 4.0 17.8
4B 3.2869 -0.1867 4.7 4.0 17.6
M 34201 -0.1947 4.9 4.2 17.6
Minimum 3.0437 -0.2181 4.3 3.8 17.4
Maximum 3.8167 -0.1739 5.5 4.7 17.8
Range 0.7730 0.0442 1.1 1.0 0.4
SD 0.2505 0.0145 0.4 0.3 0.1

“regression intercept. bregression slope. “Psychometric function slope (%/dB) at 50% was
calculated from 49.999 to 50.001%. dPsychometric function slope (%/dB) from 20-80%.
“Intensity required for 50% intelligibility.
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2
P _, (2)
l-p

b
In Equation 2, i is the presentation level in dB HL, p is the proportion of correct

log

1=

recognition, a is the regression intercept, and b is the regression slope.

A Chi-Square (y°) analysis was done on the completed lists and half-lists. There
were no significant differences among the lists; ¥°(3, N = 20) = 2.01, p = .57, nor among
the half-lists; )(2 (7, N =20) = 8.56, p = .29. The psychometric functions for the intensity
adjusted lists for the 4 lists and 8 half-lists are shown in Figures 1 and 2 respectively.

Discussion

The purpose of this study was to create a set of homogenous Arabic monosyllabic
word lists for use in measuring speech recognition. Figures 1 and 2 show that the lists and
half-lists created are homogenous in performance with respect to audibility and
psychometric function slopes. A Chi-Square analysis indicated that there were no
statistically significant differences among the monosyllabic lists or half-lists for subjects
with normal hearing.

As shown in Table 3 and Figures 1 and 2, psychometric function slopes at the
50% location for the monosyllabic lists and half-lists ranged from 4.7 to 5.1 %/dB
(M = 4.8 %/dB). The psychometric function slopes at the 50% threshold for the
monosyllabic lists and half-lists ranged from 4.7 to 5.1 %/dB (M = 4.8 %/dB). Slopes of
the psychometric functions when measured from 20 to 80% were slightly shallower (4.0
to 4.5 %/dB; M = 4.2 %/dB).

When compared to speech recognition materials of other languages, the current

Arabic recordings have been found to have similar or slightly lower slopes. Beattie et al.
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(1977) reported a mean slope (when measured from the 20 to 80% points) of 4.2 %/dB
for the English NU-6 word lists and a mean slope of 4.6 %/dB for the English CID W-22
word lists. In a Mandarin study by Nissen, Harris, Jennings, Eggett, & Buck, (2005), the
mean psychometric function slope when measured from the 20 to 80% points was
6.3%/dB for male recordings.

Though when compared to other languages, the recordings of the current Arabic
study yielded similar psychometric function slopes, the threshold levels were
significantly higher (percent correct at 50 dB HL). As shown in Table 3 the thresholds for
monosyllabic lists and half-lists range from 17.5to 17.7 dB HL (M =17.6 dB HL). In a
recent study done evaluating Taiwan Mandarin the psychometric function threshold for
all lists was 5.4 dB HL (Dukes, 2006). In speech audiometry materials developed for
Japanese, the psychometric function thresholds ranged from 11.5 to 11.7 dB HL.

(M =11.6 dB HL; Mangum, 2005). As seen in Figures 1 and 2 the psychometric function
thresholds yielded from the Arabic monosyllabic word lists are both skewed to the right,
indicating higher thresholds. According to the results reported previously, it can be
deduced that the current Arabic recordings and possibly the Arabic language in general is
difficult to hear due to the phonetic nature of the words used. Though the exact reason for
the high thresholds is unclear, it can be concluded that the current Arabic recordings are
more difficult to hear than speech audiometry materials created in other languages
(Dukes, 2006; Mangum, 2005; Nissen, et al., 2005).

Due to the high thresholds of the monosyllabic Arabic lists and half-lists, the
presentation of these materials for the clinical setting must be considered. In the current

study, word lists had to be presented at 40 dB HL before all words were heard correctly
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by participants. In future clinical use, it is recommended to present lists at 40 dB HL for
normal hearing populations.

Though the current study attempted to create psychometrically equivalent
monosyllabic words for the Arabic language, there is much more research needed in this
area. For instance, though the current lists are appropriate for the Jordanian-Palestinian
Arabic dialect, they may not be appropriate for the many other dialects of Arabic. More
speech audiometry materials need to be created for the other dialects of Arabic.

In a recent study done by McArdle & Wilson (2006), equivalent speech
audiometry lists established by testing young adults with normal hearing were
administered to elderly adults with typical presbyacusic sensorineural hearing losses. The
results showed that though the lists were equivalent for the young adult population, they
were drastically different for the elderly group. In order to achieve equality among the
lists, 9 of the 18 lists had to be eliminated. From these results, McArdle & Wilson
concluded that in order to gain true homogeneity between speech audiometry lists, one
needs to create word lists based on the hearing population it will be testing. Due to this
report, a future study may include creating Arabic speech audiometry materials for a
specific hearing impaired population. The current Arabic recordings are statistically
equivalent only for populations with normal hearing. There is a need to evaluate the
current materials on hearing-impaired populations.

Lastly, in the current study, it was noted that several times the participants missed
the first word on a new list being presented. To eliminate any effects this may have had
on the data collected, it is recommended that a non-test word be placed at the beginning

of each list, thereby removing the possible first-word-bias.
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In summary, the purpose of this study was to develop digitally recorded
monosyllabic Arabic speech recognition lists and half-lists of familiar words. These lists
and half-lists are homogeneous with respect to audibility and psychometric function
slope. These lists can be used to evaluate speech recognition in individuals whose native
language is a standard Jordanian-Palestinian dialect of Arabic. The monosyllabic lists and
half-lists are contained on the CD entitled Brigham Young University Arabic Speech

Audiometry Materials (Disc 1.0). The CD’s contents are included in Appendix B.
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Appendix A

INFORMED CONSENT
RESEARCH PARTICIPATION FORM

Participant: Age:

You are asked to participate in a research study sponsored by the Department of
Audiology and Speech Language Pathology at Brigham Young University, Provo, Utah.
The faculty director of this research is Richard W. Harris, Ph.D. Students in the
Audiology and Speech-Language Pathology program may assist in data collection.

This research project is designed to evaluate a word list recorded using improved
digital techniques. You will be presented with this list of words at varying levels of
intensity. Many will be very soft, but none will be uncomfortably loud to you. You may
also be presented with this list of words in the presence of a background noise. The level
of this noise will be audible but never uncomfortably loud to you. This testing will
require you to listen carefully and repeat what is heard through earphones or
loudspeakers. Before listening to the word lists, you will be administered a routine
hearing test to determine that your hearing is normal and that you are qualified for this
study.

It will take approximately two hours to complete the test. Testing will be broken up
into 2 or 3 one hour blocks. Each subject will be required to be present for the entire
time, unless prior arrangements are made with the tester. You are free to make inquiries
at any time during testing and expect those inquiries to be answered.

As the testing will be carried out in standard clinical conditions, there are no known
risks involved. Standard clinical test protocol will be followed to ensure that you will not
be exposed to any unduly loud signals.

Names of all subjects will be kept confidential to the investigators involved in the
study. Participation in the study is a voluntary service and no payment of monetary
reward of any kind is possible or implied.

You are free to withdraw from the study at any time without any penalty, including
penalty to future care you may desire to receive from this clinic.

If you have any questions regarding this research project you may contact Dr. Richard
W. Harris, 131 TLRB, Brigham Young University, Provo, Utah 84602; phone (801) 422-
6460. If you have any questions regarding your rights as a participant in a research
project you may contact Dr. Renea Beckstrand, Chair of the Institutional Review Board,
422 SWKT, Brigham Young University, Provo, UT 84602; phone (801) 422-3873, email:
renea_beckstrand @byu.edu.

YES: I agree to participate in the Brigham Young University research study
mentioned above. I confirm that I have read the preceding information and disclosure. I
hereby give my informed consent for participation as described.

Signature of Participant Date

Signature of Witness Date
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Appendix B
Description of BYU Arabic Speech Audiometry Materials CD

Track 1 1 kHz calibration tone.

Track 2 Bisyllabic words for use in measuring the SRT in alphabetical order for
familiarization purposes.

Track 3 Bisyllabic words for use in measuring the SRT in random order, repeated in
blocks for a total duration of 5 minutes.

Track 4 Speech Discrimination List 1 — 50 monosyllabic words in random order.
Track 5 Speech Discrimination List 2 — 50 monosyllabic words in random order.
Track 6 Speech Discrimination List 3 — 50 monosyllabic words in random order.
Track 7 Speech Discrimination List 4 — 50 monosyllabic words in random order.
Track 8 Speech Discrimination List 1A — 25 monosyllabic words in random order.
Track 9 Speech Discrimination List 1B — 25 monosyllabic words in random order.
Track 10 Speech Discrimination List 2A — 25 monosyllabic words in random order.
Track 11 Speech Discrimination List 2B — 25 monosyllabic words in random order.
Track 12 Speech Discrimination List 3A — 25 monosyllabic words in random order.
Track 13 Speech Discrimination List 3B — 25 monosyllabic words in random order.
Track 14 Speech Discrimination List 4A — 25 monosyllabic words in random order.
Track 15 Speech Discrimination List 4B — 25 monosyllabic words in random order.

Tracks 16-24 contain Arabic recordings of routine instructions for various audiometric
tests.

Track 16 Instructions for speech reception threshold-verbal response:
g Wl S5 5 Gl g Laws i @liSay A1 & sl (o (5 sinn BT Gl 8 (sl 138 (ge Cargdl "
LSl ) S o8 s 1SS ela Hl AalS aaniiB po IS Digaall 38 4 Caliag 8 ClalSll (e de gana () aaiod
sl sla sl a5 4K gl 13) a3 o i€y 5 Jan iaidie Cigeall S ) 5 n
" ) ALY L) lala
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Track 17

Track 18

Track 19

Track 20

Track 21

Track 22

Track 23

Track 24

Instructions for speech discrimination- verbal response:
Ll Caa (5 s o Lganai die LSl ) S agd o el 08 s0a (il g pandll 13 (e gl
ela N s o ke ¥ 5 ARl agdi al 13) ) 3a of @liSay aSlia (S5 A1 13) dlgelans die ) ) S ela )
" A ALK ) ialia oG

Instructions speech audiometry-masking in non-test ear- verbal response:
Gl e 38 5l ela ) e A1 03 8 Gl il (san) (B Gl s pan g pandll 138 J3A "
13 e o liSay aSlia (S5 a1 13) clgmans AalS JS 1S5 ela )l sl Jalas
"UL\M w‘#‘ 9 liba cu.\n clAJ” J);J Ui b\huﬂ YJ 4 (;QJS YJ

Instructions for speech audiometry — written response:
el G e (5 gl o gl vie Gl ) S5 5 068 o @l 08 500 (il 58 pandll 138 (e Caagll"
LS g ol 13) et of i€y 2l (5 A1 13) ¢ panill daiadall 48 )l e Ll ola 5l A e Las
" A AN 1w 5 Al (il 1) 8 ad g ela ) i o kst Vs

Instructions for speech audiometry-masking in non-test ear — written

response:

ClalSll e 58 5l ela 1 (s AN Y 8 lalS 5 ) san] b Gl o pand o (andl] 138 JDIA "
Ol iy aSlie €5 a1 13) (anill daadidl) 38 5l e LS ela ) 3K cle Lo aie i sl Jalas

" A0 ALK Il 5 AaS Gaadall ¢ Jidad g ela ) a8 o) ket Y 5 AalS) agdi 1 1Y) 35

Instructions for pure-tone audiometry- hand raising:
aal i) B randi Co g Acbow liSay (31 & gaaall (ga (5 sina JBI Gl 58 andll 138 (e Cagll
Lmia 53888 () 5S5 Ch gus Lgatama (815 anall Al (585 s L (any (5 AN (V) (8 o5 (e g (1Y)
A s Lalla de 58 50 Ledliyl 5 45 ) Lgad panii 30 JS ) @ ela )l Agsmaall e (0 5Si Lpany 5 )
" aidie O geall IS Laga 4 ,)1 L pansi 3 ye IS @y ad ) SN Aoy ey J 1 450 il 5 e

Instructions for pure-tone audiometry — masking in non-test ear — hand
raising:
) L ransi b0 IS 2y ela )l U1 U g Laiad) ela 03050 3 ity (o g i) i) D)
L L qani 850 JS ey @i ) ¢ SN Ao ey Il A1 g vie D) e Ll e 585 Leili)
" aidie O geall S Lega

Instructions for pure-tone audiometry — button pressing:
) (4 )3 pant Cogu Ao lows Gy 5 &gl (o (5 siane ST Gl 58 Gandll 138 (e Chagdl ™
Lmia 53888 ) 5S5 Chgas Lgalama (815 sl A (585 s LY (any (5 AN AV (8 a5 (g g (pdY)
Laal) (& ) paiul) 540 L i B e IS )5l e bzl ela l) dpseall Ale (G 5S5 Lpany 5 )
IA&AL)X\LG_ISCA.A&:\E‘)AJSJ‘)MLM\ USA;L;JMJJ‘)S\U;M\@)\L)S\;GJS.\L MJX‘CAAAS\A“L
" paiaie gl OIS

Instruction for pure-tone audiometry — masking in non-test ear —button
pressing:

gl 585 5 Gt sl Jalad ela Il Chgeall s 2 sm g e Ly gansd G s aml] 38 JDA"
famsi 550 JS 1 e Jainaal el 1 il ) g L) sl 1 5080 3 iy i gas il i )
Dl e Tkl ¢ S Ao a3 e el wdl &l (i g die 3l gans Lalla doally a5 4 Lo
"_u'aéi.'u&}.an UISLAG_AZ_I)S\LG_QCA&&SB‘)AJS
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