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Background and Aim: People with spatial hearing impairment have difficulty perception 
of speech in the presence of noise, sound localization, and estimating the distance from the 
sound source. In this study, the comparison between amplitude and latency of the Binaural 
Interaction Component of the Auditory Brainstem Response (ABR-BIC) with the total score of 
the Persian version of the Spatial Hearing Questionnaire (SHQ) in adults with normal hearing 
and moderate sensorineural hearing loss (SNHL) was evaluated.

Methods: In this cross-sectional comparative study 55, 18–45-year-old individuals including 
35 of normal hearing and 20 moderate SNHL participated. All participants underwent the 
assessments of medical history, otoscopy, conventional audiometry, tympanometry, SHQ 
questionnaire, and auditory brainstem response (ABR).

Results: There was no significant correlation between the amplitude and latency of the ABR-
BIC and the Persian version of the SHQ in normal groups (r=–0.085, r=0.116) and in moderate 
SNHL groups (r=0.030, r=0.119). The mean value of ABR-BIC range of people with normal 
hearing and SNHL is statistically significant (p=0.001).

Conclusion: The results showed that the amplitude and latency of ABR-BIC were not 
correlated with the Persian version of the SHQ in people with normal hearing and with 
moderate SNHL but statistically significant between the mean amplitude and latency of ABR-
BIC in people with normal hearing and people with hearing loss.
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Introduction

he ability to hear is important to many 
species; in fact, auditory inputs are, in 
many everyday situations, the only source 
of information about events that occur at 
farther distances. Just as the identity of a 

sound source is important, so is its location in guiding 
living behavior. Peripheral receptors in the auditory sys-
tem, unlike the visual and sensory systems, do not have 
a predetermined and absolute role. Instead, the receivers 
that transmit sound along the cochlea are based on fre-
quency. Therefore, the brain must actively create a scene 
from the auditory space by converting and processing 
the audio inputs presented to each ear. In doing so, the 
brain takes advantage of the fact that certain aspects 
of acoustic input depend on the position of the sound 
source relative to the position of the listener. The brain 
must interpret and combine the information provided by 
these different spatial cues in order to create a coherent 
representation of the auditory space [1].

Spatial hearing ability can be defined as the ability to 
selectively pay attention to sounds coming from one 
direction, while sounds that come simultaneously from 
other directions are ignored. To do this, the Interaural 
Level Difference (ILD) and the Interaural Time Differ-
ence (ITD) must be interpreted to distinguish the target 
sound from other sounds [2]. Because both ILD and ITD 
require comparison of the inputs presented to the two 
ears, these cues are colloquially known as binaural spa-
tial cues. In many cases, however, the usefulness of these 
binaural cues depends on the frequency. ILD is primarily 
used to locate high-frequency sounds and ITD is used to 
locate low-frequency sounds [1].

In addition to binaural cues, spatial information may be 
derived from the relative intensities of the various fre-
quency components in one ear. This is because the head, 
neck, and ear filtering properties are used to shape the 
sound spectrum in a direction-dependent manner and 
are known as spectral cues. These spatial cues are more 
prominent at high frequencies and are thought to be 
important in distinguishing between locations with the 
same ILD and ITD values. In addition, spectral cues are 
very important in determining the pitch of a sound [1].

The auditory system eventually combines information 
provided by different spatial cues, but monaural and bin-
aural cues are initially processed separately before merg-
ing at higher neural levels. In mammals, the acoustic 
inputs are converted by nerve cochlear cells into nerve 
signals and travel through the auditory nerve to the co-

chlear nuclei. In the Dorsal Cochlear Nucleus (DCN), 
single-spectral signals are processed. Branches originat-
ing from the Ventral part of the Cochlear Nucleus (VCN) 
go to the Superior Olivary Nucleus on both sides. This is 
the first intersection of the information from the two ears. 
The Lateral Superior Olivary nucleus (LSO) is mainly 
related to ILD processing and the medial superior oli-
vary nucleus is related to ITD processing. Branches pass 
through the nuclei of the brainstem and ascend to the 
midbrain, leading to the Inferior Colliculus (IC). From 
IC, auditory signals travel through the medial geniculate 
body of the thalamus to the auditory cortex, which has 
been shown to play a key role in sound localization [1].

To perform spatial hearing, ILD and ITD must be care-
fully transmitted and interpreted at different points along 
the auditory pathway. Disturbances in the peripheral or 
central auditory system or even cognitive problems can 
lead to spatial hearing impairment [3-5]. Spatial hearing 
impairment is a decrease in a person’s ability to selective-
ly pay attention to sounds coming from one direction and 
ignore sounds that come simultaneously from other di-
rections [3]. Various studies have shown that people with 
spatial hearing impairment have difficulty understanding 
speech in the presence of noise, sound localization, and 
estimating the distance from the sound source [1-3, 5-7]. 
People with sensorineural or transient hearing loss have 
spatial hearing impairment [8, 9]. Sensorineural hearing 
loss (SNHL) reduces the ability to perform frequency 
and temporal resolution faithfully. One of the important 
consequences of this type of resolution reduction is the 
reduction of the ability to process binaural signals [10]. 
In transient hearing loss, only a slight attenuation of the 
audio input to the affected ear occurs. Transient hearing 
loss delays the transmission of sound to the affected ear. 
Thus, even one ear deprivation has a profound effect on 
the processing of both ITD and ILD cues [8].

Assessing spatial hearing impairment, disability and 
severity is difficult due to the lack of adequate standard 
tests [11]. However, to evaluate spatial hearing ability 
via psychoacoustic (behavioral) tests such as Masking 
Level Difference (MLD), Dichotic Digit Test (DDT), 
Minimum Audible Angle (MAA), Listening in Spatial-
ized Noise-Sentence (LiSN-S) test, and spatial word 
recognition score [2] and electroencephalography-based 
objective electrophysiology tests such as ABR, Frequen-
cy Following Response (FFR) [12], etc. are used. Self-
assessment questionnaires have also been designed to 
assess spatial hearing impairment; including the Spatial 
Hearing Questionnaire (SHQ) and Speech, Spatial, and 
Qualities (SSQ) of hearing scale [13].
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SHQ is a psychometric tool for assessing the effects of 
spatial hearing impairment on the patient’s performance 
in daily life. This questionnaire was designed by Tyler 
et al. in the late 1990s and consists of 24 questions in 8 
different situations that are important in binaural hear-
ing. People give each question a score from 0 to 100, a 
zero indicates a very easy situation and a 100 indicates 
a very difficult situation. The overall SHQ score shows 
how the patient perceives their spatial hearing ability or 
disability [14]. The Persian version of this questionnaire 
was developed by Delphi et al. [15].

The brainstem auditory response is a powerful ob-
jective diagnostic measure that provides both valuable 
neurological and auditory information. Clinical applica-
tions of ABR include detecting neurological abnormali-
ties in the eighth cranial nerve, auditory pathways of the 
brainstem, and estimating auditory sensitivity. ABRs 
are used for the electrophysiological study of the BIC. 
If we subtract the sum of the monaural right and left ear 
ABRs from the binaural ABR, BIC is obtained. BIC is 
emerged 4.5 to 7 milliseconds after the start of the click 
stimulus, which corresponds to peaks IV and V of the 
ABR [10]. BIC is generally assumed to be caused by 
the activity of binaural neurons in the pre-inferior col-
liculus auditory pathway, and the most likely structures 
that provide binaural contrast sites are two nuclei of the 
Superior Olivary Complex, the LSO, medial superior 
olivary nucleus, and their outputs [16].

The correlation between BIC amplitude and behavioral 
binaural hearing suggests that both are likely produced 
by the same neural complex, and thus dysfunctional 
spatial hearing may be reflected in BIC. Decreased or 
absent BIC in the presence of appropriate binaural stim-
uli may indicate a central auditory disorder of binaural 
function [17].

Since spatial hearing requires binaural auditory func-
tion and ABR-BIC is known as an objective measure 
of binaural auditory function, the SHQ questionnaire, 
which assesses the ability of people with spatial hearing 
to self-assess, and the fact that people with deafness is 
challenged to some extent by the possibility of receiving 
subtle spatial cues that play a vital role in the speech 
processing process. In this research, we investigated 
the correlation and comparison between the amplitude 
and latency of the binaural interaction component of the 
ABR with the overall score of the Persian version of 
the spatial hearing questionnaire in adults with normal 
hearing and moderate SNHL, so that in the event of a 
positive correlation, proposed this component as a bio-
marker of spatial hearing.

Methods

In this cross-sectional study,55, 18–45-year-old indi-
viduals in two groups including 35 normal hearing and 
20 moderate SNHL participated.

The inclusion criteria for the normal hearing group 
were PTA≤25 dB in both ears and for the moderate 
hearing loss group PTA=41–55 dB [9] All cases had 
symmetric hearing levels (threshold difference be-
tween two ears <5 dB). Audiometry was conducted 
via the piano audiometer (Inventis company, Italy). All 
participants had normal middle ear function (tympano-
gram type A)[6].

To check the absence of central auditory processing 
disorder, the dichotic digit test was used, which should 
be within the normal range (a score of less than 76.7% is 
considered abnormal).

Before the beginning of the tests, a guideline for ex-
plaining the study conditions and procedure were dis-
tributed among the participants. Written informed con-
sent was obtained from the participants.

ABR test was recorded via the Neuro-Audio device 
(manufactured by Neurosoft, Russia). During perform-
ing the ABR test, necessary explanations were intro-
duced on how to perform this test so that the participants 
did not have any anxiety while performing the test and 
had proper cooperation with the examiner. To do so, we 
asked the participants to lie on a recliner chair. Since two 
channels were used for recording ABR, the electrode ar-
rangement consists of an inverting electrode on Fz (up-
per forehead), a ground electrode on Fpz (lower fore-
head), and two inverting electrodes on both sides of the 
mastoid are placed. It was necessary to prepare lowers 
skin impedance prior to electrode placement which sig-
nificantly reduces artifacts in all electrode applications. 
The impedance of each electrode was kept less than 5 kz 
and the impedance between the electrodes was kept less 
than 2 kz. Click stimulus with 0.1 ms duration, rarefac-
tion polarity, the intensity of 85 dB SPL, presentation 
rate of 7.1 s, and 3000 swipes in the time window of 
12 ms and the ER 3A insert phone were used [2]. First, 
monaural left and right ears ABRs were recorded. Then, 
binaural ABR was recorded.

After recording the responses, to obtain the amplitude 
and latency of ABR-BIC, first, determine the ampli-
tude and latency of the waves from the monaural ABRs 
(right and left ear) based on the time of their emergence, 
and then determine the amplitude and latency of the V 
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wave. We summed the amplitude and latency of monau-
ral ABRs together and then, to calculate the amplitude 
and latency of ABR-BIC, we subtracted them from the 
amplitude and latency values of the binaural ABR, re-
spectively. Following performing the objective tests, 
participants were asked to complete the SHQ question-
naire while receiving comprehensive instructions about 
the questionnaire.

In order to compare the averages of the desired vari-
ables in the two groups of normal hearing and moder-
ate SNHL, the normality of the data in each group was 
evaluated using the Shapiro-Wilk test. If the data had a 
normal distribution, the independent t-test was used, oth-
erwise, the non-parametric Mann-Whitney test was used 
to compare the means in two groups. To perform the in-
dependent t-test, the assumption of homogeneity of vari-
ances was also evaluated based on Lune’s test. In order 
to check the linear correlation between the variables, if 
the data had a normal distribution, Pearson’s correlation 
coefficient was calculated and otherwise, Spearman’s 
correlation coefficient was calculated. All analyzes were 
performed in SPSS software version 17 A significance 
level of 5% was considered for all statistical analyses.

Results

The present study was performed on 55 individuals re-
ferred to the audiology clinic of Imam Khomeini Hospi-
tal of Hamadan University of Medical Sciences. of them, 
27 (49.1%) were women and 28 (50.9%) were men. The 
mean and standard deviation of the age of the partici-
pants was 33.87)1.8( years, with a minimum of 22 years 
and a maximum of 45 years. The participants divided 
into two groups, the normal hearing group 63.6% and the 
SNHL group were 36.4%.

There was a significant difference between the mean 
total SHQ score of people with normal hearing and peo-
ple with moderate SNHL (p=0.001).

The mean amplitude of ABR-BIC in people with 
normal hearing and SNHL is statistically significant 
(p=0.001). The value of this component was 0.21 µV for 
the normal group, and 0.09 µV for the hearing impaired 
group. The difference between the mean amplitude of 
ABR-BIC in people with normal hearing and people 
with SNHL was approximately 0.12, i.e. the average 
amplitude of ABR-BIC in the group with normal hear-
ing was higher than the group with SNHL. There was a 
significant difference between the latency of ABR-BIC 
of participants with normal hearing and those with mod-
erate SNHL. The value of this component is 5.53 ms for 

the normal group, and 5.88 ms for the hearing-impaired 
group. The average latency of ABR-BIC was lower in 
the normal hearing group than in the SNHL group.

Furthermore, the mean latency of V-wave of binaural 
ABR in the normal hearing group and in the moderate 
SNHL group was statistically significant (p=0.001). The 
mean value of the V-wave latency of binaural ABR was 
lower in the normal hearing group than in the SNHL 
group.

To investigate the linear correlation between the two 
variables, the normality of the variables was first calcu-
lated using the Shapiro-Wilk test. If both variables had a 
normal distribution, the Pearson correlation coefficient 
was used to measure the existence of a linear correlation 
between the two variables, otherwise, Spearman correla-
tion coefficient was used to measure the existence of a 
linear correlation between the two variables. According 
to the results, in both groups of participants, there was 
no linear correlation between the overall score of SHQ 
and the amplitude and latency of the ABR-BIC (0.05)
(Table 1).

Discussion

The aim of this study was to investigate the correlation 
and comparison between amplitude and latency of the 
ABR-BIC with the total score of the Persian version of 
the Spatial Hearing Questionnaire (SHQ) in adults with 
normal hearing and moderate SNHL. The results dem-
onstrate that there is a significant difference between the 
mean of wave V amplitude in the binaural ABR of the 
normal hearing group and the moderate SNHL group. 
The mean value of wave V amplitude in binaural ABR in 
the present study is higher in people with normal hearing 
than in people with SNHL. These results were consis-
tent with the study by Adarsh et al. They found that the 
amplitude of wave V is higher in normal people than in 
hearing loss people. In the present study, due to the larger 
number of samples, this difference is more remarkable. 
Studies have also shown that electrophysiological re-
cords are often not well replicated. Because researchers 
believe that the measurement of amplitude is highly vari-
able [11]. The mean latency of wave V in binaural ABR 
of people with normal hearing and people with moderate 
SNHL are the statistically significant differences.

In the present study, the mean amplitude of ABR-BIC 
was statistically different from that of individuals with 
normal hearing and those with moderate SNHL. The av-
erage amplitude of ABR-BIC is higher in the group with 
normal hearing than in the group with SNHL. The mean 
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latency of ABR-BIC was significantly different between 
the two groups of people with normal hearing and people 
with moderate SNHL. The average latency of ABR-BIC is 
lower in people with normal hearing, in the present study.

Furthermore, in order to investigate the effect of hear-
ing loss on the overall SHQ score, the obtained data were 
compared between people with and without hearing loss. 
Based on the findings, there was a significant difference 
between the mean total SHQ score of people with nor-
mal hearing and people with moderate SNHL. So the 
total score of SHQ in hearing-impaired people was less 
than the normal people.

Accordingly, spatial hearing ability is affected by hear-
ing loss, reducing the ability to process binaural signals, 
including ITD and ILD, and the ability to locate sounds 
in the hearing loss person. The result is consistent with 
Zamiri et al. who demonstrated that the total score of the 
questionnaire SHQ in three groups (22 people in each 
group) of normal people, mild and moderate SNHL 
showed a significant difference between the scores of the 
three groups (these scores 92.50(4.34), 79.43(8.56), and 
65.70(9.45), respectively) and the total score of normal 
hearing is higher than in people with SNHL [8].

Based on these findings, in both groups of people with 
normal hearing and people with moderate SNHL, there 
was no linear correlation between the total score of SHQ 
and the latency and amplitude of ABR-BIC. Correla-
tion in the normal hearing group and mean SNHL were 
r=–0.055 and r=0.030, respectively. The reason for this 
correlation can be explained by the fact that the question-
naires are subjective tests and people answer questions 
based on their listening experiences and the answers to 
the questions are influenced by cognitive factors while 
objective tests are not affected by cognitive situations 

and can be used to predict people’s performance in real 
situations.

It may also be possible to attribute the lack of correla-
tion to the type of stimulus used. In this study, a click 
stimulus was used to record ABR. The results may be 
affected by changing the type of stimulus used, for ex-
ample, the use of speech and verbal stimuli, which needs 
further investigation.

On the other hand, as mentioned before, the values of 
ABR amplitude are very different in different studies 
so, the amplitude is not a reliable factor in electrophysi-
ological records.

In the present study, in order to investigate the corre-
lation between ABR-BIC latency and SHQ score, the 
obtained data were compared between people with and 
without hearing loss. Based on these findings, in both 
groups of people, there was no mean neural linear cor-
relation between the total SHQ score and the ABR-BIC 
latency. Correlation in normal hearing group and SNHL 
were r=0.116 and r=0.119, respectively. The reason for 
the uncorrelated two variables, in the current study, 
could be explained by the psychometric nature of ques-
tionnaires which people answer questions based on their 
listening experiences, and the answers to the questions 
are influenced by cognitive factors while objective tests 
are not affected by the cognitive mechanisms which are 
explained beforehand. In addition, the type of stimulus 
should not be ignored.

Conclusion

This study, for the first time, aimed to compare the am-
plitude and latency of the brainstem binaural interaction 
component in adults with normal hearing and moderate 
sensorineural hearing loss, and also to investigate the 

Table 1. The results of the correlation between spatial hearing questioner total score and amplitude and latency of binaural 
interaction component of the auditory brainstem response by separating two groups

Study group

Component
Hearing lossNormal hearing

Total P-SHQ scoreTotal P-SHQ score

pThe correlation coefficientpThe correlation coefficient

0.8980.030**0.627–0.085*Amplitude BIC

0.6180.119**0.5060.116*Latency BIC

P-SHQ; Persian version of the spatial hearing questionnaire, BIC; binaural interaction component

* Spearman correlation coefficient, ** Pearson correlation coefficient
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correlation of these electrophysiological indicators with 
the overall score. The Persian version of the spatial hear-
ing questionnaire was performed on the mentioned peo-
ple. The findings showed that the amplitude and latency 
of Binaural Interaction Component (BIC) differ between 
the two groups of normal people and those with moder-
ate sensorineural hearing loss so the amplitude of BIC is 
higher in normal people than in hearing-impaired people, 
and the latency of BIC in normal people is less than in 
hearing-impaired people. Also, the findings showed that 
there is no significant correlation between the amplitude 
and latency of BIC and the total score of spatial hear-
ing questionnaire in both groups of normal and moderate 
sensorineural hearing loss.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the ethics committee of the 
Tehran University of Medical Sciences by the registra-
tion number of IR.TUMS.FNM.REC.1400.124.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

SMH: Study design, acquisition of data, interpretation 
of the results, statistical analysis, and drafting the manu-
script; NR: Study design, interpretation of the results, 
statistical analysis as the project supervisor; AH: Study 
design, interpretation of the results, statistical analysis; 
SJ: Statistical analysis.

Conflict of interest

There are no competing financial interests.

Acknowledgements

The authors would like to show their gratitude to the 
department of audiology at Hamedan University of 
Medical Sciences for assistance with collecting data.

References

[1] Keating P, King AJ. Developmental plasticity of spatial hear-
ing following asymmetric hearing loss: context-dependent 
cue integration and its clinical implications. Front Syst Neu-
rosci. 2013;7:123. [DOI:10.3389/fnsys.2013.00123]  

[2] Dubno JR, Ahlstrom JB, Horwitz AR. Spectral contri-
butions to the benefit from spatial separation of speech 
and noise. J Speech Lang Hear Res. 2002;45(6):1297-310.   
[DOI:10.1044/1092-4388(2002/104)] 

[3] Cameron S, Dillon H. The listening in spatialized noise-sen-
tences test (LISN-S): comparison to the prototype LISN and 
results from children with either a suspected (central) audi-
tory processing disorder or a confirmed language disorder. J 
Am Acad Audiol. 2008;19(5):377-91. [DOI:10.3766/jaaa.19.5.2]

[4] Lunner T. Cognitive function in relation to hearing aid use. 
Int J Audiol. 2003;42 Suppl 1:S49-58. [DOI:10.3109/14992020
309074624] 

[5] Glyde H, Cameron S, Dillon H, Hickson L, Seeto M. 
The effects of hearing impairment and aging on spa-
tial processing. Ear Hear. 2013;34(1):15-28. [DOI:10.1097/
AUD.0b013e3182617f94] 

[6] Cameron S, Dillon H. Development and evaluation of the 
LiSN & learn auditory training software for deficit-specific 
remediation of binaural processing deficits in children: pre-
liminary findings. J Am Acad Audiol. 2011;22(10):678-96.  
[DOI:10.3766/jaaa.22.10.6] 

[7] Schafer EC, Beeler S, Ramos H, Morais M, Monzingo J, 
Algier K. Developmental effects and spatial hearing in 
young children with normal-hearing sensitivity. Ear Hear. 
2012;33(6):e32-43. [DOI:10.1097/AUD.0b013e318258c616] 

[8] Zamiri Abdollahi F, Delphi M, Delphi V. The Correlation 
Analysis Between the Spatial Hearing Questionnaire (SHQ) 
and the Psychophysical Measurement of Spatial Hearing. In-
dian J Otolaryngol Head Neck Surg. 2019;71(Suppl 2):1658-
62. [DOI:10.1007/s12070-019-01674-2]  

[9] Edmonds BA, Culling JF. The spatial unmasking of 
speech: evidence for better-ear listening. J Acoust Soc Am. 
2006;120(3):1539-45. [DOI:10.1121/1.2228573] 

[10] Peter V, Fratturo L, Sharma M. Electrophysiological and 
behavioural study of localisation in presence of noise. Int J 
Audiol. 2019;58(6):345-54. [DOI:10.1080/14992027.2019.1575
989] 

[11] Adarsh GS, Sanju HK, Krishna R, Sanju HK. Comparison 
of Binaural Interaction Component (BIC) in Symmetrical and 
Asymmetrical Hearing Loss: Pilot Study. IP Indian J Anat 
Surg Head Neck Brain. 2015;1(1):1-12.

[12] Rouhbakhsh N, Mahdi J, Hwo J, Nobel B, Mousave 
F. Spatial hearing processing: electrophysiological docu-
mentation at subcortical and cortical levels. Int J Neurosci. 
2019;129(11):1119-32. [DOI:10.1080/00207454.2019.1635129] 

[13] Zhang J, Tyler R, Ji H, Dunn C, Wang N, Hansen M, et 
al. Speech, Spatial and Qualities of Hearing Scale (SSQ) and 
Spatial Hearing Questionnaire (SHQ) Changes Over Time in 
Adults with Simultaneous Cochlear Implants. Am J Audiol. 
2015;24(3):384-97. [DOI:10.1044/2015_AJA-14-0074]  

Hazavei et al.

Aud Vestib Res. Spring 2023;32(2):107-113

https://avr.tums.ac.ir/index.php/avr
https://doi.org/10.3389/fnsys.2013.00123
https://doi.org/10.1044/1092-4388(2002/104)
https://doi.org/10.3766/jaaa.19.5.2
https://doi.org/10.3109/14992020309074624
https://doi.org/10.3109/14992020309074624
https://doi.org/10.1097/AUD.0b013e3182617f94
https://doi.org/10.1097/AUD.0b013e3182617f94
https://doi.org/10.3766/jaaa.22.10.6
https://doi.org/10.1097/AUD.0b013e318258c616
https://doi.org/10.1007/s12070-019-01674-2
https://doi.org/10.1121/1.2228573
https://doi.org/10.1080/14992027.2019.1575989
https://doi.org/10.1080/14992027.2019.1575989
https://doi.org/10.1080/00207454.2019.1635129
https://doi.org/10.1044/2015_AJA-14-0074


113

[14] Tyler RS, Perreau AE, Ji H. Validation of the Spatial Hear-
ing Questionnaire. Ear Hear. 2009;30(4):466-74. [DOI:10.1097/
AUD.0b013e3181a61efe]  

[15] Delphi M, Zamiri Abdolahi F, Tyler R, Bakhit M, Saki N, 
Nazeri AR. Validity and reliability of the Persian version 
of spatial hearing questionnaire. Med J Islam Repub Iran. 
2015;29(1):231.

[16] Laumen G, Ferber AT, Klump GM, Tollin DJ. The Physi-
ological Basis and Clinical Use of the Binaural Interaction 
Component of the Auditory Brainstem Response. Ear Hear. 
2016;37(5):e276-90. [DOI:10.1097/AUD.0000000000000301]  

[17] Fischer ME, Cruickshanks KJ, Nondahl DM, Klein BEK, 
Klein R, Pankow JS, et al. Dichotic Digits Test Performance 
Across the Ages: Results from Two Large Epidemiologic 
Cohort Studies. Ear Hear. 2017;38(3):314-20. [DOI:10.1097/
AUD.0000000000000386]  

The Correlation between Binaural Interaction …

Aud Vestib Res. Spring 2023;32(2):107-113

https://avr.tums.ac.ir/index.php/avr
https://doi.org/10.1097/AUD.0b013e3181a61efe
https://doi.org/10.1097/AUD.0b013e3181a61efe
https://doi.org/10.1097/AUD.0000000000000301
https://doi.org/10.1097/AUD.0000000000000386
https://doi.org/10.1097/AUD.0000000000000386

