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ABSTRACT:

Background: The ability to understand speech in background
noise is a crucial skill for proper communication. Understanding
speech through noise is a skill that develops well through adolescence.
Spatial listening is the capacity of the auditory system to interpret
different spatial paths by which sounds may reach the head. It is used
to isolate speech stream from simultaneous noise.

Aim of the work: To develop an Arabic test to evaluate spatial
processing in children and to standardize the developed test on normal
Arabic-speaking children.

Methods: Sixty normal hearing children classified into three
subgroups. They were tested in a sound treated room using newly
developed spatial listening material. The total number of the sentences
were 128 sentences which were divided into 16 lists. The first 8 lists
were recorded by female voice and the other 8 lists were recorded by
male voice. They were mixed using Audacity software with story noise.
Four test conditions were examined according to location of target
sentences in relation to noise and type of voice. Scoring was done by
measuring the SNR 50% which is the level at which the child repeated
50% of the number of words per list.

Results: The performance data of the entire study group and
subgroups according to age were calculated. The 95% confidence
limits were calculated to determine the cut off points for abnormal
scores as a function of age for each of the three subgroups.

Conclusion: Spatial listening test was developed and standardized
for assessment of spatial listening in Arabic-speaking children with age
ranging from 6-12 years.

Keywords: Spatial Listening, Spatial
Central Auditory Processing Disorder (CAPD).

Processing Disorder,

INTRODUCTION:

The term spatial processing, also known

experience, familiarity with the surrounding
environment, motivation and attention @,

as spatial release from masking, is used to
refer to the ability to isolate a target speech
stream from simultaneous distracting noise
based on the auditory spatial awareness @,
The degree of auditory spatial awareness in a
given environment depends on the hearing
thresholds to listeners, the auditory

Auditory spatial awareness results from
human ability to identify the direction from
which a sound is coming from, estimate the
distance to the sound source and assess the
size and character of the surrounding physical
space affecting sound propagation. These
three elements are commonly referred to in
the psychoacoustic literatures as auditory
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localization, auditory distance estimation and
auditory spaciousness assessmen(,

Recent studies show that spatial
processing disorder is one of the important
problems in relatively high proportion of
children with Central auditory processing
disorder (CAPD). It is proposed that spatial
processing disorder can cause speech
perception difficulty in noise which is the
main complaint of children with CAPD.
Spatial hearing rehabilitation through sound
localization and lateralization training can be
effective in improvement of speech
perception in noise®.

Auditory processing disorder can lead to
academic deficits in areas such as phonics,
reading, and spelling, and may also result in
mild speech-language impairments ©),
According to Jerger and Musiek ¥, despite
having normal peripheral hearing thresholds,
children with APD display a number of
behaviors similar to the symptoms associated
with hearing loss—predominantly difficulty
listening to speech in the presence of
background noise. These behaviors may
become apparent in the early school years, or
at a later academic stage of the child’s life,
due to changes in the acoustic environment,
or to increased academic demands®).

There are two methods of assessment of

spatial processing subjectively through
questionnaires and objectively through
psychophysical tests. According to the

authors' knowledge, there is no available test
in Arabic language that measure spatial
listening abilities. So, this study aims to
develop and standardize an Arabic test to
evaluate spatial processing in children.

AIM OF THE WORK:

Development an Arabic test to evaluate
spatial  processing in  children and
Standardization of the developed test on
normal Arabic speaking children
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PATIENTS AND METHODS:

This study consisted of 60 children
ranging in age from 6 to 12 years classified
into three subgroups: Subgroup I: (6 to < 8
years), Subgroup II: (8 to <10 years)
Subgroup 11I: (10 to 12 years). Criteria for
inclusion were normal peripheral hearing
with excellent speech discrimination scores
and normal middle ears functions. They had
normal language development and good
scholastic achievement and average IQ.
Children with history of delayed language
development, history of recurrent otitis media
with effusion, scholastic under-achievement,
neurological or neuropsychological disorders
were excluded.

Arabic sentences (3-6 words sentences)
were taken from three sources which
included: Speech in noise (SPIN) test for
children developed by Tawfik and Shalaby,
(1995)®), Competing sentences (CS) test for
children developed by Tawfik and Shalaby,
(1995)®,  the Arabic computer-based
remediation program for CAPD developed by
Audiology Unit Ain Shams University and
released in 2009. These sentences were
suitable for children in the language age from
6-12 years old.

All lists were digitally manipulated using
Audacity software program in the following
steps. Stereo source was recorded on two
separate tracks and re-fed through two
separate channels. Every 8 sentences were
put together on channel one and story noise
was put on channel two. Normalization of the
loudness level of the two channels of the
stereo track was done by using Reply Gain
plug-in. This ensured that the output gain of
the two channels was of the same intensity
level.

Pilot study:

Initially, a pilot study was conducted on
10 normal hearing children to determine the
starting SNR and bracketing steps. The
starting SNR was set at 0 in all conditions,
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then we decreased or increased the level by 8
dB steps, then bracketing by 4 dB steps was
done once needed till the 50 % correct score
was reached.

The test material was delivered from the
built-in CD player of the laptop connected to
the audiometer via three loudspeakers, one
connected to the output 1 (for sentences) and
the other two loudspeakers were connected to
the output 2 (for story noise). The set-up was
as follows: Speech material was presented at
0 degree azimuth in relation to the child (front
loudspeaker) and noise was presented on both
sides at = 90 degrees azimuth on each side of
the child.

Different Voices

Four test conditions were done using
male and female voices and at different
azimuths (Figure 1): condition 1: Sentences
with female voice were presented at 0 degree
azimuth and story noise with male voice was
presented on both sides at £ 90 degrees
azimuth at the same time, condition 2:
Sentences with female voice and story noise
with male voice were both presented at 0
degree azimuth, condition 3: Sentences with
male voice were presented at O degree
azimuth and story noise with male voice was
presented on both sides at £ 90 degrees
azimuth at the same time and condition 4:
Sentences and noise story with male voice
were both presented at 0 degree azimuth.

Same Voice

Same voice +/- 90°
(Condition 3)

Different Different voices +/- 90°
Location (Condition 1)
Same Different voices 0°
Location

(Condition 2)

Same voice 0°
(Condition 4)

Figure (1): The four test conditions.

Calibration tone of 1000 Hz for 10
seconds was used. Familiarization was done
for each child using sentences similar to the
test items where the child was asked to repeat
what he heard and to ignore the noise. The
speech material was presented at an intensity
level of 40 dBSL referenced to the SRT.
Scoring was done by measuring the SRT
which is the level at which the child repeated
50% of the number of sentences correct
according to Cameron and Dillon (2007)®).
A lower SRT test score indicates better
performance.

Ethical Consideration:
Verbal consent was obtained from all

parents before testing after explaining the aim
of the study and procedure to be done. Also,
approval from Ethical committee of Ain
shams University was obtained before start of
this research.

RESULTS:

This research was conducted on 60
normal hearing (NH) children with an age
range of 6 to 12 years with mean of 8.81 (SD
+ 2.03). All children had normal peripheral
hearing in all tested frequencies 250 Hz to
8000Hz as pure tone audiometry with mean
of 12.5 (SD % 2.84) and had excellent speech
discrimination scores with mean of 98.8 (SD
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+ 2.36) in the right ear and mean of 98.5 (SD
+2.39) in left ear. All children are of average
social class.

In order to avoid the developmental
variability, subjects were classified according
to their age into three equal gender matched

subgroups; | (6-8 years), Il (>8-10 years) and
Il (>10-12 years).

Tables (1-3) show descriptive study of
the study group and subgroups in all
conditions and ANOVA test of significance
between all conditions.

Table (1): Mean, Standard Deviation, range and 95% confidence interval of SNR 50% in each condition

SNR 50% Mean + SD Range 95% confidence interval
Condition 1 -20.6 + 3.59 -24 10 -12 -21.53 to -19.67
Condition 2 -15.8 + 3.56 -24 10 -8 -16.72 to -14.88
Condition 3 -11.87 +3.21 -16 t0 -6 -12.7 t0 -11.04
Condition 4 4 +3.43 Oto8 3.1t04.8

As shown in table (1): condition 1 hasthe  condition 1 is the easiest condition and

least signal to noise ratio (SNR 50%) and
condition 4 has the highest SNR 50% so

Mean

condition 4 is the most difficult condition.

Condition 1

Condition 2

Error bars

Condition 2
+- 135D

Condition 4

Figure (2): Mean and Standard Deviation of SRT in each condition

Table (2): Mean and SD of all age subgroup on SNR 50% in all conditions

SNR 50% Age subgroups ANOVA**
| I 1l
Mean + SD Mean + SD Mean + SD F p value sig.
Condition 1 -19+34 -19.6 + 3.65 -23.2+2.09 10.58 <0.001 HS
Condition 2 -14.4+£4.19 -15.6 + 2.56 -17.4 £ 3.25 3.95 0.025° S
Condition 3 -11.3+£3.2 -11+3.15 -13.3+£2.92 3.27 0.0452 S
Condition 4 5.7 £2.99 41+3.21 22+33 6.11 0.004° HS

**Post hoc for ANOVA,; a. Significant difference between age subgroup 111 vs subgroup 11 & subgroup
111 vs subgroup | in conditions 1& 3; b. Significant difference between subgroup 111 vs subgroup | in

condition 2& 4

Table (3): Shows 95% confidence interval of SRT in each condition of all study subgroups

SNR 50% 95% confidence interval

Age subgroup | Age subgroup 1l Age subgroup 111
Condition 1 -20t0-17.4 -21.3t0 -17.8 -24.210 -22.2
Condition 2 -16.3t0 -12.4 -16.8to -14.4 -18.9t0 -15.8
Condition 3 -12.810-9.8 -12.410-9.5 -14.6t0-11.9
Condition 4 43t07 2.61t05.5 0.6 to 3.7

The scores that fell below the lower 95% confidence limit were considered abnormal.
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DISCUSSION:

Results showed that condition 1
(different location, different voice) had the
least signal to noise ratio (SNR), while
condition 4 (same location, same voice) had
the highest SNR. So condition 1 is the easiest
condition and condition 4 is the most difficult
condition. In other words, the estimated SNR
50% required for 50% sentence perception
thresholds is higher (worse) for the co-
located (0°) as compared to the spatially
separated (£90°) conditions. That is because
listening to speech with noise from the same
spatial location is a particularly difficult task,
even for an adult, because of the absence of
any spatial cues that could contribute to
segregation of the target speech from the
background noise @,

This agrees with the work of
Cameron and Dillon (2007)® who
conducted a study on 82 Australian normal
hearing children ages 5 to 11 years old with
normal pure tone thresholds. Sentences and
distracter story were presented in the same
arrangement as the current study and it
showed that there was a significant main
effect of location with the +£90° condition
resulting in lower SRT than the 0 condition.

There was also a significant main effect
of voice (same versus different distracter)
averaged across location. This can be referred
to the benefit of “voice gender release from
masking” (VGRM) that means that each
voice has two unique vocal characteristics
(pitch and timbre). Pitch is proportional to the
rate and periodicity of vocal fold vibrations.
Timbre is determined by vocal tract
length®&10),

According to Oh and Reiss (2017)9
investigations, when the target and masker
talkers were different genders, percent correct
target identification was 15% —20% points
higher than conditions with same-gender
talker and maskers.

Also, there is significant difference

between all age subgroups in all conditions.
This owed to maturation of the auditory
system. Indeed, central auditory processing
develops gradually till the age of 10-15 years,
Thus improvement of children performance
reflects normal maturation. Yathiraj and
Vanaja (2015)12 reported that maturation of
hearing abilities is a gradual process that
reaches its maximum between the ages 10
and 13 years after complete myelination of
central auditory system especially the corpus
callosum, and children 12 years of age
performed nearly as well as adults.

Conclusions:

The Arabic spatial listening test is a
potentially valuable tool for assessing Spatial
Listening skills in children. Speech
recognition deteriorates as the noise level
increased and is dependent on spatial location
and talker’s voice physical characteristics of
the target signal. SRT correct score
significantly decreased in the spatially
separated (£90°) conditions compared to the
co-located (0°) conditions and in different-
gender masker compared to same-gender
masker. An expected improvement of
performance as a function of increasing age
was found.

Recommendations:

Spatial hearing evaluation is a crucial
step in suspected (C)APD children, hearing
impaired and geriatric populations who find
listening in noisy environment a challenging
process.

Conflict of Interest:

The authors state that the publishing of
this paper is free of any conflicts of interest.

REFERENCES

1. Litovsky R (2012): Development of Binaural
and Spatial Hearing In Werner, L.A. (eds):
Human Auditory Development, Springer
Handbook of Auditory Research 42:163-194.

2. Moossavi A, Abdollahi F, Lotfi Y (2017):

457




458

Esraa Mahmoud Mahmoud, et al.,

Spatial auditory processing in children with
central auditory processing disorder. Aud Vest
Res;26(2):56-63.

Cameron S, Dillon H, Newall P (2006): The
listening in spatialized noise test: an auditory
processing disorder study. Journal of the
American Academy of Audiology;17(05):306-
20.

Jerger J and Musiek F (2000): Report of the
Consensus Conference on the Diagnosis of
Auditory Processing Disorders in School-Aged
Children. J Am Acad Audiol;11(09): 467-474.

Bamiou D, Musiek F, Luxon L (2001):
Aetiology and clinical presentations of auditory
processing disorders—a review. Archives of
disease in childhood;85(5):361-365.

Tawfik S, and Shalaby A (1995): Development
and standardization of Arabic central test battery
for children. Proceeding of XXIII Word
Congress of the International Association of
Logopedics and Phoniatric, 416-419.

Schafer E, Beeler E, Ramos H, Morais M,
Monzingo J, and Algier K (2012):
Developmental Effects and Spatial Hearing in

10.

11.

12.

Young  Children  with  Normal-Hearing
Sensitivity, EAR & HEARING, VOL. 33, NO. 6,
e32—e43.

Cameron S, and Dillon H (2007): Development
of the Listening in Spatialized Noise—Sentences
Test (LiSN-S). Ear Hear 28(2): 196-211.

Brungart D, Simpson B, Ericson M, and Scott
K (2001): “Informational and energetic masking
effects in the perception of two simultaneous
talkers." The Journal of the Acoustical Society of
America 109(3): 1101-1109.

Ericson M, Brungart D, and Simpson B
(2004): “Factors that influence intelligibility in
multitalker speech displays,” Int. J. Aviat.
Psychol. 14(3), 313-334.

Oh Y, and Reiss L (2017): “Voice gender
release from masking in cochlear implant users is
correlated with binaural pitch fusion,” J. Acoust.
Soc. Am. 141, 3816.

Yathiraj A, and Vanaja C (2015): Age related
changes in auditory processes in children aged 6
to 10 years. International Journal of Pediatric
Otorhinolaryngology;79(8):1224-34.




Development And Standardization Of An Arabic Test For Spatial Listening In Children

Juilay) die AlSal) £ Laiudl Ay al) dall) SLGA) da g gt
*we)u'éié*‘éj)ﬂ\@l\dgc;uj*w@éﬂ@*éj\_}ﬁj\ J gana J gana ¢yl

)m‘s)ﬁlﬂ‘ ‘M&%EP}OS\}QS\F@_QM\EJ;}*

sl i shall (e dae e elia saall (e 4l 0 ga g 8 2DISH agh e 35080 aaia s Cual) fha Ciagd) g Aasiall
e\.& fi LY "‘;!.A.MJ‘ ‘)L\ﬂ\ Jaad" WS:\:\XA‘: &BA};}A\ ;L.A}A\ e &JAM\ e)&]\ Juad ‘5&: 'SJJﬂ\ 9
AN e Sl 2] jAnY

Gyl e laldie) 4l jiall slia gl (o Chagiuadl 2DISH Jaad e 50l ) dalSal) dalleall ) Ly
M\ &Lm!\ e.\,}ﬁ} Lzl d8luall Rl g YEPOWA| 5ol HlSa ch Adlizy L;Jj\ GJ\SAX\ ‘5"‘““

Aol il jlaaly Gabadl JEhY (e Gaws dlle daw A Lagal) COSEL aaf JSA ¢ Lain) Gl ylaual aey
s slasall 8 OIS &l A s O (e SIS glaia¥) Gl haal o 7 53 43S el el
LAY B b e Sl g LY andi oty 43S el Lmandl Aadlaall ol jhaialy cpbiaall U D ) (5 Sl
O Al Ay pall ARlL i e s Jeadl aladinly elia pall 3 SIS plainl) jladl (e 4l Hdll 4wl
L gem Alilaa Ba0ma o) 8 aladiul (33 yh e JWhY) die SISl g LaiuS Ay pall Al L) s g5 g g ghal (5 ) g uall

L Sade sane 230 a5l g1 VY U1 e p lee ) 2 ) i gagadal) panddl (553 JULY) (e Ve k) g ia sl
O Aaalany Clpmandl 33 5 45 ) gha A 43S yall Dprand) Aallaall ol sl (el o slal) dallaall gali o5 (

L
oy Ll 5 (5 AN Al 3l 5l 531 o) gy (I 5V AR 230 ) s a5 3038 VT ) Sl s o
g

(SNR)sba saall 5 5 LY (G Adlide dypmans Cansy JAY) 8 Lgaladin g il ¢lia guall pe Jaadl Lali 5
e VY T e pa sleel 2l Amads gans Ay O srial Sl i SRR a3 A ) YYD e el
Lailly el gucall da) 53 28 e oo Sl o3 G HLEDN Vs aof o L) 23 Al die i e gana COG ) agdiinas
S L A Gl Bash oo daadl) & (Calise e 4 Gl g (A0 0 o4 diie ) LAY oS
Asasall Jaall 2ae e 700 M\Aﬁ)ﬁgﬂ\dw\}ﬁ}(SNRSO%)guﬂ

) 3L A el Lpal 4 Aall 5 el guia ) 5 L) A 8l Lgpad 1 AUl o LAY il @ jedal il
) Allal) a4 Al 5 Jeu) Aal) 8 1 8 1) (gl gua

B LAY A el ) g5 @5‘ Gaaall 3 jae aladdin LiSey celia gaall g angl G SSall Juadll Clbe 3
il i (e AdliAe il gaal aladiul 53l e iy ) Lagaam (o (piliae (8 saall SIS K1) gl gaall )
a4 jlmall il A 50 @l < jelal il sal) G S Jcaill il (o Jil el puall ) 3 JLEY) A
B i all &_QJJH\@m@fﬂ\idg‘)@;uﬂ\&\cJMY\M@LE}JAM

g pad) Al ekl Julad Sl ¢ Laiul) ani b canlie sl 4 S g laial) Ll el sAailad)
Gle VY )T o e el ) 55 0l

459



