
                                                                                                                      

© 2018 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

ARTICLE 

P
ag

e3
4

3
 

RESEARCH 

 

 

 

 

Cortical and subcortical lateralization among 

normal 7-12 years old children by using speech 

perception in noise and acceptable noise level 
 

Shno Koiek1, Akram Pourbakht1☼, Seyed Ali Akbar Tahaie1, Mohammad 

Ebrahim Mahdavi2, Seyed Hassan Sanei3 

 
1. Department of Audiology, School of Rehabilitation Science, Iran University of Medical Sciences, Tehran, IR Iran 

2. Department of Audiology, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran, IR Iran  

3. Department of Basic Sciences, School of Rehabilitation Sciences, Iran University of Medical Sciences, Tehran, IR Iran 

 
☼Corresponding Author:  

Akram Pourbakht,  

Department of Audiology,  

School of Rehabilitation Sciences,  

IR Iran.  

Tel: +98-2122250541, Fax: +98-2122220946, E-mail: pourbakht.a@iums.ac.ir 

 

Article History 

Received: 2 February 2018 

Accepted: 14 March 2018 

Published: May-June 2018 

 

Citation 

Shno Koiek, Akram Pourbakht, Seyed Ali Akbar Tahaie, Mohammad Ebrahim Mahdavi, Seyed Hassan Sanei. Cortical and subcortical 

lateralization among normal 7-12 years old children by using speech perception in noise and acceptable noise level. Medical Science, 

2018, 22(91), 343-349 

 

Publication License 

 This work is licensed under a Creative Commons Attribution 4.0 International License. 

 

 General Note 

 Article is recommended to print as color digital version in recycled paper. 

 

 

 

 
                 

                RESEARCH                                                                                                                         22(91), May - June, 2018                         

 Medical Science 
ISSN 

2321–7359        
EISSN 

2321–7367 



                                                                                                                      

© 2018 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

ARTICLE 

P
ag

e3
4

4
 

RESEARCH 

ABSTRACT 

Lateralization of processing acoustic signal is not only limited to cortex area, but also involves subcortex region. Persian Auditory 

Recognition of Word-in-Noise (PARWIN) test which is the Persian version of Word in Noise test has been developed by Mahdavi et 

al. It contains three 35-monosyllabic words lists that are presented in the presence of six talkers babble noise as distracting noise. 

PARWIN test is practicable in children of age 7-12 years with content validity of 79%. Persian Auditory Recognition of Word-in-Noise 

test assesses speech perception of individuals by presenting monosyllabic words presented in babble noise. Acceptable noise level 

measures maximum amount of background noise individuals are willing to accept. This study was designed to examine lateralization 

at the level of cortical and subcortical area by using PARWIN and ANL. Fifty two normal 7-12 years old children were participated in 

this study. The difference between right and left ANL as well as right and left PARWIN was considered among all participants. 

Moreover, the different of right data between right-handed and left-handed children as well as the difference of left results between 

these two groups of children was explored. Finally, the relationship between right ANL, left ANL, and binaural ANL was taken into 

account. A significant difference between right ANL and left ANL as well as right PARWIN and left PARWIN was found among right-

handed children at p=0.000. The difference of results between two groups of right-handed and left-handed children was revealed 

only for right PARWIN at sig=0.013. Furthermore, a significant positive correlation was found between right ANL, left ANL, and 

binaural ANL (p=0.000). The results confirmed the lateralization at the level of cortex and subcortex due to the significant differences 

between right and left results of PARWIN test and ANL among right-handed children. It is not necessary to administer right, left, and 

binaural ANL separately due to the strong positive relationship between right, left, and binaural ANL.  

 

Keywords: Lateralization, Cortex, Subcortex, Right-handed, Left-handed, ANL, PARWIN. 

 

 

 

1. INTRODUCTION 

Lateralization is the result of neuroanatomical differences between two hemispheres which make them functionally different, and it 

presents even at birth (Bryden, 2012). Asymmetry in the auditory area exists even in the fetus (Galaburda et al., 1978). The 

asymmetry of the planum temporal, which is a language-related region on the superior temporal gyrus, is the most significant 

anatomical left-right asymmetry of the human brain which is related to handedness (Steinmetz et al., 1991). Kimura et al., (1961) 

indicated that if two different digits dichotically present to right and left ear, listeners will report the right ear advantage 

(Studdert‐Kennedy and Shankweiler, 1970). The language processing is mostly lateralized to the left hemisphere. Lateralization is 

also existed in the level of brain stem (Hornickel et al., 2009). 

Paul Broca in the 1860s suggested that an individual’s handedness indicates a specialized hemisphere on the brain's opposite 

side (Broca, 1861). A right-handed person has most probably a left-hemisphere language specialization, and vice versa. According to 

Springer & Deutsch, Damasio & Damasio, and others in 1993 and 1992, although 95% of right-handed people have specialized left-

hemisphere for language functions, only 19% of left-handed individuals have right-hemisphere dominance for language processing 

functions (Damasio and Damasio, 1992, Deutsch, 1993).  

Speech perception in noise is the complex task which is related to cortical processing. Previous studies have shown that speech 

perception in noise in the right ear is a superior performance in comparison with left ear. Interestingly, resilience to noise in the left 

side is more than right primary auditory cortex (Bidelman and Howell, 2016). The relationship between speech perception in noise 

and acceptable noise level (ANL), which is well-known for its application of hearing aid success prediction, in order to probe 

“perception” parameter of ANL was investigated in our previous study which has not been published yet. There was no correlation 

between ANL and cortical representation. So it was concluded that ANL is probably represented in subcortical area.  

Acceptable noise level measures maximum amount of background noise individuals are willing to accept. ANL is calculated by 

subtracting BNL (Background noise level) from MCL (Most comfortable level). Conventional ANL is evaluated binaurally by an ear-

level loudspeaker in 1 meter distance in front of listener (Nabelek et al., 1991).  

The main question of this study was that: “Is there any subcortical laterality by using ANL?” Therefore, in the present study we 

investigated the difference between right and left ANL among right-handed and left-handed children. We also explore the 

difference between right and left speech perception in noise by using PARWIN test, which is the Persian version of WIN (Mahdavi et 

al., 2016), among right-handed and left-handed children in order to examine the laterality at the level of cortex too. Besides, we 

probe the difference of right and left ANL between right-handed and left handed children as well as the difference of right and left 

PARWIN between right-handed and left-handed children to confirm the laterality at the level of cortex and subcortex. 
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We also conveyed the correlation between right and left ANL, right and binaural ANL, and binaural and left ANL under the name 

of our last aim of current study which would be beneficial in hearing aid clinics.  

 

2. MATERIALS AND METHODS 

This study (ethical code NO.: 96/S/105/1285) was approved by ethics committee of Iran University of medical sciences. For 

calculating the sample size, we assessed 10 children (6 male, 4 female) at the first phase of our study and finally the sample size was 

determined by the following formula:  

 

n = 

  (𝑧
1−

𝛼
2

+𝑍1−𝛽)2(𝑠1
2+𝑠2

2)−2𝑠1×𝑠2

𝑑2  

 

Fifty two normal children (30 male, 22 female) between the ages of 7 and 12 years old without any complaint of hearing loss and 

middle ear infection participated in our study. The children with typical educational achievement were randomly selected from 

primary school of Tehran. All assessments were carried out in Audiology Department of School of Rehabilitation Sciences, Iran 

University of Medical Sciences.  

First of all, the approval letter was signed by parents. Typical pediatric population separated into two groups of right-handed 

and left-handed via Edinburgh Handedness Inventory. Outer and middle ear of children were checked using a Reister otoscope and 

a Clarinet inventis tympanometer. Children with any kind of obstruction in external ear canal and/or Type B or Type C tympanogram 

were excluded. Next, air condition (AC) pure tone thresholds from 250 to 8000 HZ using supra-aural headphones and orbiter 922 

clinical audiometer were evaluated. 

After assessing peripheral hearing system, ANL and PARWIN test for right and left ear using same earphone and audiometer as 

well as binaural ANL using ear-level loud speaker in front of children at 1 meter distance were carried out. PARWIN test has three 

lists of 35 monosyllabic words presented in descending signal-to-noise ratio (SNR) from +24 dB to 0dB. Children were supposed to 

repeat the words as soon as they heard them. In order to examine alignment of list 1 and list 2 of PARWIN test, we investigated the 

difference between obtained SNR of right ear using list 1 and list 2 among 23 normal 7-12 years old children. The analysis using 

paired t-test revealed no significant difference between list 1 and list 2’s results at p>0.05. The right ear was evaluated by list 1 and 

the left ear was assessed by list 2. The presentation level was carried out at 50 dB SL for all participants. The needed SNR to get 50% 

correct recognition of Persian monosyllabic words in the background noise was determined by spearman-karber equation (Wilson 

and Burks, 2005). This trial was followed by assessing ANL for right and left ear by supra-aural earphone and in binaural condition by 

an ear-level loudspeaker in front of children in 1 meter distance. These measures were implemented in an acoustic room. The ANL 

instruction for the pediatric population developed by Freyalden and Smiley (2006) were used (Freyaldenhoven and Smiley, 2006). 

The running story started at the level of 30dB HL, and was steadily turned up in 5dB steps then 2dB and 1dB steps until the child 

signaled that her most comfortable listening level has been reached (MCL). After that, background noise was added into the same 

ear by earphone for right and left ear measurements and same loudspeaker for binaural condition. Participants were asked to signal 

the examiner by rising their hand when the background noise became the most they could put up without becoming tense or 

fatigued while listening to and following the words of the story. This was termed as a background noise level (BNL). The intensity of 

the given multi talker babble noise was altered up or down in 1-dB steps for all measurements. The ANL was then calculated by 

subtracting the BNL from the MCL. Moreover, the presentation level was calibrated by using a tone on the recording and the 

audiometer VU-meter. 

In order to determine the difference between right and left ANL as well as right and left PARWIN among right-handed and left-

handed children as first aim of the study, we used paired t-test. Moreover, we used independent-t test in order to explore the 

difference of right ANL, left ANL, right PARWIN, and left PARWIN between right-handed and left-handed children as second aim of 

present study. Finally, we used Pearson Correlation in order to explore the relationship between right, left, and binaural ANL.  Results 

were analyzed using SPSS version 21. A criteria of p<0.01 was used for significance of correlations and p<0.05 for significance of 

equality. 

 

3. RESULTS 

There were 39 right-handed (22 male, 17 female) and 13 left-handed children (8 male, 5 female). The results related to peripheral 

evaluation of auditory system of children showed that all children had normal pure tone thresholds at 20 dB HL or better across 

octave frequencies 250-8000Hz, and they showed Type A in tympanogram.  
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Mean and standard deviation of ANL and PARWIN test for right ear, left ear, and binaural condition are shown in Table 1. The 

analysis related to the difference between right and left ANL as well as right and left PARWIN among right-handed and left-handed 

children using Paired sample t-test indicated statistically significant differences between right and left ANL among right-handed 

children at p<0.05 (p=0.000). In fact, right-handed children were willing to accept more background noise in their right ear (ANL-

R=7.28) than their left ear (ANL-L=9.07). Moreover, Mean right SNR in right-handed children was significantly smaller (SNR-R=3.51) 

than their mean SNR for left ear (SNR-L= 4.44) in PARWIN test at p<0.05 (p=0.000). Intellectually, speech perception at the present 

of background noise of right-handed children in their right ear was better than their left ear. The results related to left-handed 

participated population showed no significant differences between their right and left ear for ANL test (8.84 and 8.46 respectively) at 

p=0.594 and  their right and left SNR for PARWIN test (5.07 and 4.95 respectively) at p=0.855. P was more than 0.05 in two 

measurements. 

 

Table 1 Mean and standard deviation of ANL and PARWIN test 

 

 mean SD 

Right-handed children’s ANL-R 7.28 3.70 

Right-handed children’s ANL-L 9.07 4.42 

Right-handed children’s ANL-B 6.76 3.09 

Right-handed children’s WIN-R 3.51 1.60 

Right-handed children’s WIN-L 4.44 1.05 

Left-handed children’s  ANL-R 8.84 4.66 

Left-handed children’s ANL-L 8.46 4.82 

Left-handed children’s ANL-B 8.92 5.26 

Left-handed children’s WIN-R 5.07 2.60 

Left-handed children’s WIN-L 4.95 1.70 

 

Moreover, significant results of differences of right and left ANL as well as right and left PARWIN between right-handed and left-

handed children are presented in Table 2. The results revealed that the only statistically significant difference between right-handed 

and left-handed children was for right SNR in PARWIN test at p=0.013 which is less than p=0.05. The difference of left PARWIN 

results as well as right and left ANL between two groups of participants(right-handed and left-handed) was not important at p>0.05 

(Table 2) 

 

Table 2 The results of p for equality of means between g1 and g2 

 

Equality measures Equality of variance(sig) Equality of means(sig) 

ANL-R between g1 and g2 0.196 0.230 

ANL-L between g1 and g2 0.640 0.673 

WIN-R between g1 and g2 0.138 0.013 

WIN-L between g1 and g2 0.017 0.204 

g1=right-handed children, g2=left-handed children. p<0.05 
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Figure 1 Scatterplots demonstrating the relationship between right ANL and left ANL (left top), right ANL and binaural ANL (right 

top), and binaural ANL and left ANL (bottom) 

 

Interestingly, the results related to the correlation between right, left, and binaural ANL revealed a significant positive 

relationship between right and left ANL, right ANL and binaural ANL , and left ANL and binaural ANL at sig<0.01 (p=0.000) for all 

measurements (figure 1). 

 

4. DISCUSSION 

In the present study we conveyed the existence of lateralization at the level of cortical and subcortical area. We investigated the 

difference between right and left ANL as well as right and left PARWIN test among typical right-handed and left-handed 7-12 years 

old children.  Moreover, we explored the difference of right ANL, left ANL, right PARWIN, and left PARWIN between right-handed 

and left-handed children to underlie the lateralization at the level of cortex and subcortex. We also considered the relationship 

between right ANL, left ANL, and binaural ANL as our last aim of the present study.  

There was a significant difference between right and left results of ANL and PARWIN test among right-handed children, while the 

differences were not statistically important among left-handed children. Moreover, the only substantial difference of right ANL, left 

ANL, right PARWIN, and left PARWIN between two groups of right-handed and left-handed children was for right PARWIN. In fact, 

right-handed children needed substantially less SNR in their right ear for reaching to 50% correct recognition of Persian 
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monosyllabic words in the babble noise in comparison with the SNR for right ear of left-handed children. In addition, we found a 

significant positive correlation between right and left ANL, right ANL and binaural ANL, as well as left ANL and binaural ANL. 

The result of differences between right and left PARWIN was consistent with the previous studies which have shown right-ear 

advantage for random sequences of digits (Studdert‐Kennedy and Shankweiler, 1970, Bryden, 1963, Broadbent and Gregory, 1964) 

and initial and final stop consonants (Michael Studdert-Kennedy et al, 1969). This result was also confirmed by existence of 

significant difference of right SNR in PARWIN test between right-handed and left-handed children. These results underlined the 

lateralization at the level of cortex. However, the results showed no important difference between right and left PARWIN among left-

handed participants as well as no important difference of left PARWIN between two groups of right and left-handed children. 

Authors have shown 95% of right-handed people have specialized left-hemisphere for language functions while only 19% of left-

handed individuals have right-hemisphere dominance for language processing functions (Damasio and Damasio, 1992, Deutsch, 

1993). It is suggested to examine the results of right and left ear among a larger left-handed population.  

In the present study there was also an important difference between right ANL and left ANL among right-handed children but 

not among left-handed participants. The results of right and left ear should be investigated in a larger left-handed population.  

Interestingly, results showed that right-handed children were willing to accept more background noise at their right ear than their 

left-ear, while the difference between right ANL and left ANL among left-handed children was not statistically important. According 

to our previous study which has not been published yet and some else (Nabelek et al., 2004, Harkrider and Smith, 2005), ANL is not 

correlated with speech perception in noise, however, it measures willingness to tolerate background noise while listening to the 

running speech (Nabelek et al., 2004) which is probably at the level of subcortex. So present study revealed that lateralization also 

exist at the level of subcortex. Moreover, previous study indicated that left lateralization of processing acoustic materials needed for 

distinguishing speech extended to subcortex (i.e. brainstem) (Hornickel et al., 2009). This study has been supported by our study 

since we found right-ear advantage also for ANL test among right-handed children. In addition, the difference of right and left ANL 

between two populations of right-handed and left-handed children was not statistically important suggesting that, apart from 

auditory system, different aspects involve the amount of background noise an individual is willing to accept.  

The results related to the correlation between right, left, and binaural ANL revealed a positive strong relationship between right 

ANL and left ANL, right ANL and binaural ANL, and left ANL and binaural ANL. These results confirmed that individuals who accept 

more background noise without becoming tense or tired in binaural situation are also willing to accept more background noise in 

their right and left ear. Consequently, individuals who are successful hearing aids users for their right ear they would be successful 

hearing aid users for their left ear too. It is suggested to explore the relationship between right, left, and binaural results of ANL 

among larger right-handed and left-handed pediatric population.  

 

5. CONCLUSION 

This study confirmed the laterality at the level of cortical and subcortical area as there was a significant difference between right and 

left results of ANL and PARWIN test among typical right-handed children. This lateralization had not been approved among left-

handed pediatric population. It is suggested to investigate it among a larger left-handed group. The results also demonstrated that 

children who have high acceptance of background noise in binaural measurements, they would most probably also have high 

tolerance of background noise in their right and left ear, and that would be practical in hearing aid clinics. 
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