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Abstract 
This study aimed at investigating the development of central 
auditory processes and their links with language skills. 
Seventy nine typically developing children divided up in five 
levels groups were recruited among primary schools. The 
development of central auditory processes was assessed with 
three main tasks. A lateralization task, a discrimination task 
and a central masking task were presented. These tasks were 
selected as each of them may correspond to important auditory 
processes underlying different speech abilities, and thus 
playing a role on its development. Verbal skills were evaluated 
on three levels: comprehension, vocabulary (lexical or verbal 
IQ), and phonological awareness. Results confirmed a 
developmental effect both on auditory and verbal skills. In 
addition, vocabulary and phonological awareness 
performances correlated with auditory skills, highlighting links 
between central auditory processing and language 
development. 
Index Terms: Central Auditory Processes, language 
development 

1. Introduction 
Central Auditory Processing (CAP) and their disorders 
(Central Auditory Processing Disorders; CAPD) is a growing 
field of interest, as suggested by the wide literature on the 
topic [1], [2], [3], [4]. CAP refers to the processing of acoustic 
stimuli by the central nervous system. Many anatomical 
structures are involved in these processes and are in charge of 
acoustic processing like sound spatialization, detection of 
frequency change, pitch discrimination, temporal order 
judgment… Children with CAPD meet difficulties in 
understanding speech-in-noise and rapid speech, in localizing 
source, and focusing attention, they also tend to ask for 
repetition, and confound sounds [5].  
Some authors suggest that CAPD may have a causal relation 
with language developmental disorder (i.e. Specific Reading 
Impairment; SRI and Specific Language Impairment; SLI). 
Many studies indeed reported auditory processing deficit in 
children and adults with language disorder [6], [7], [8], [9]. 
According to them, the deficit in auditory processing could 
lead to language developmental impairment. Other studies 
however argue that only a minority of people with language 
disorder are affected by CAPD and that this might reflect a 
simple co-occurrence rather than a causal relation [10].  

The first aim of this study was to look at the development of 
CAP in typically developing children. Although development 
of language skills is well known, the evolution of CAP is still 
little documented while it appears that whilst the human 
cochlea has completed its development by birth, the brain's 
auditory pathways and centers develop slower and 
progressively, from the brain stem to the auditory cortex, for at 
least the first decade of life [11]. How is this physiologic 
development reflected in auditory skills? 
The second interest of this study was to find out if 
development of CAP was related to language development in 
typically developing children. Indeed, if SLI and SRI are 
linked, at least for some subgroup to auditory processing 
deficit, CAP should be related to language abilities, in 
typically developing children as well as in children suffering 
from SLI or SRI. In this paper, we therefore chose to test three 
main CAP abilities which are supposed to be important in 
language development. These data are part of a larger study, 
aiming at normalizing a battery evaluating CAP in children. 
As this battery aims at testing children suffering from SLI and 
SRI, it does not involve verbal material. 
The first task was a lateralization task, aiming at evaluating the 
development of the capacity for typically developing children 
to use Interaural Level Difference (ILD) to lateralize sounds. It 
is widely known that spatial cues are very helpful for speech 
comprehension particularly in noise [12], [13], [14]. The 
improvement of this ability should thus lead to a better 
understanding of speech in noisy condition (e.g. classroom) 
and ease language development.  
As detection of frequency and duration changes are known to 
be involved in accurate phoneme discrimination, we proposed 
to test, in a second task, frequency and duration discrimination 
acuities. Indeed, if there is a direct link between slow 
frequency discrimination and SLI and SRI, as proposed by the 
auditory deficit theory [9], then these discrimination abilities 
should develop with age and correlate with participants’ 
phonological scores.  
Finally, participants had to perform a central masking task. As 
mentioned above speech is mostly perceived in noise in daily 
life, different kind of masking can thus occur and render 
speech unintelligible. One can argue then, that the ability with 
which participants can still hear and process accurately the 
target sound is crucial for language comprehension. Three 
main kind of masking have been conceptualized: one of them, 
energetic masking occurs at the peripheral level of the auditory 
system. It corresponds to the overlap of two sounds in the 
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same spectral band; cochlea will therefore not be able to 
encode both of them. The second one is named informational 
masking, and corresponds to higher level interferences (i.e. 
linguistic level). Finally, the third one, on which was our 
interest is the central masking. Central masking occurs when 
two sounds are presented dichotically. This masking is 
highlighted by presenting a pure tone to one ear and a white 
noise (i.e. wide band masker containing all frequencies) to the 
other, with a Signal/ Noise Ratio varying across trials. 
Although no energetic masking occurs, participants are less 
accurate (i.e. higher SNR) at detecting the pure tone when the 
white noise is presented because of integration difficulty at the 
central level [15].  
In this paper we presented the results showing the 
development of three CAP abilities and their correlational 
links with verbal development. Children from 5 age groups 
have been tested, going from 6 years old to 12.  

2. Method 

2.1. Participants 
Seventy-nine children from 74 to 140 month (M = 103.26; 
SD = 17.35) were tested. They were selected by teachers as 
having no particular disorder. Their non-verbal intelligence 
was controlled with Raven’s progressive matrices (M = 9.96; 
SD = 3.13). The interest of the study being the development of 
central auditory processing and its relation with language 
skills development, participants were spread in 5 groups 
(corresponding to their school grade; M1st grade = 80.65; 
SD1st grade = 4.38; M2nd grade = 91.72; SD2nd grade = 4.36; 
M3rd grade = 102.42; SD3rd grade = 3.38; M4th grade = 114.66; 
SD4th grade = 5.36; M5th grade = 127.47; SD5th grade = 5.56). 
Participants’ age was significantly different across groups 
(F(4,84) = 285.45, p<.0001). Nonverbal intelligence was not 
different across groups (F = 1.04, n.s.).  

2.2.  Verbal tests  
Three main language abilities were tested for each participant. 
Lexical level was evaluated using EVIP [16]. Phonological 
awareness was assessed with word, pseudo-word and 
logatome repetition took from the BALE [17]. Finally, oral 
comprehension was assessed by the ECOSSE [18].  

2.3. Auditory tests 
Auditory central processing was assessed using 3 main tasks. 
First a lateralization task was presented, then a frequency and 
a duration discrimination tasks and finally a central masking 
task. 

2.3.1. Lateralization task 
This first test aimed at evaluates participants’ ability to detect 
the origin of a pure tone based on an Interaural Level 
Difference (ILD). A 500 Hz pure tone was presented for 250 
ms in both ears. ILD could be of 0 dB (binaural condition) or 
ranged from -5 dB to -25 dB with 2 dB steps. Participants 
could thus hear the pure tone as coming from right, left or 
front. Binaural condition was presented on 22 trials. Each ILD 
was presented twice leading to 22 trials with the pure tone 
coming from the right and 22 trials with the pure tone coming 
from the left. Trials were presented randomly. Children were 
asked to point the direction from where the pure tone was 
coming. 

2.3.2. Discrimination task 
Participants had to compare a 500 Hz, 75 ms standard pure 
tone preceding a comparison tone by 400 ms and to indicate if 
the two tones were identical or different. Standard and 
comparison tones differed in half trials only on one dimension: 
duration or frequency.  
In the duration discrimination task the stimulus could be of 
the same length or shorter than the standard. Its duration 
varied from 27 ms to 75 ms by 8 ms steps.  
The frequency discrimination task presented stimuli of the 
same or higher frequency than the standard. It varied from 
500 Hz to 609 Hz by 7 Hz steps.  
This task is an adaptation to behavioral measurement of a 
MMN study [19]. 
2.3.3. Central masking task 
This task, constructed using the same paradigm as Breier et al., 
(2002) [20] aims at measuring the detection threshold of a 
500 Hz pure tone presented in two conditions. In one of them, 
a masking white noise was presented in the contralateral ear, 
whereas not in the other. The pure tone intensity varied from -
30 dB to -58 dB by 2 dB steps compared to the masking noise. 
Half of the 60 trials did not contain pure tone. Participants had 
to indicate whether they had heard the pure tone or not by 
pressing two pre-specified key.  

2.4. Procedure 
Participants were seated in front of a computer and heard 
stimuli through earphones (Sennheiser HD 230 pro). Intensity 
was controlled and fixed at 65 dBA with a sonometer 
(Voltcraft SL-50).  

2.5. Results 

2.5.1. Auditory Tests 
Mean accuracy for auditory tests are summarized in Figure 1. 
All the nonverbal tests were analyzed with a repeated measure 
ANOVA with the Group (1st grade; 2nd grade; 3rd grade; 
4th grade; 5th grade) as between subject factor and participants’ 
scores as the dependant variable. Within subject factor will be 
precised for each task. For the discrimination and the central 
masking tasks, data were analyzed using Hit minus False 
Alarm. 

- Lateralization task. Lateralization (i.e. ILD : -5 dB; -
7 dB; - 9 dB; -11 dB; -13 dB; -15 dB; -17 dB; -19 dB; -21 dB; 
-23 dB; -25 dB) was taken as within subject factor. Analyses 
revealed a significant effect of Lateralization 
(F(10,740) = 52.72, p<.01). Participants were more accurate 
with increased ILD. The effect of Group approached 
significance (F(4,74) = 2.33, p<.10), older participants tended 
to be better than younger. Finally the interaction 
Group*Lateralization (F<1) was not significant, thus 
suggesting that the pattern of results was the same along 
development.  

- Duration discrimination. As expected, the effect of 
the within-subject factor Duration differences (27 ms; 35 ms; 
43 ms; 51 ms; 59 ms; 67 ms) was significant 
(F(5,365) = 123.53, p<.001), the greater is the difference 
between the standard and comparison tones, the more 
participants were accurate at detecting differences. Group 
effect was this time fully significant, (F(4,73) = 3.74), p<.01) 
accuracy increased with age. In addition, the interaction 
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Duration*Group was also significant (F(20,365) = 2.11, p<.01) 
suggesting that the pattern of results was different across 
group.  

- Frequency discrimination. The within-subject factor 
Frequency (527 Hz; 532 Hz; 546 Hz; 562 Hz; 583 Hz; 
609 Hz) appeared significant (F(5,370) = 111.52, p<.01). 
Predictably, participants were more able to detect a difference 
between the standard and the stimulus with increased 
frequency difference. Older participants were more accurate 
than younger as revealed by the significant effect of Group 
(F(4,74) = 4.20, p<.01). The interaction Frequency*Group was 
not significant (F(20,370) = 1.13, n.s.). 

- Central masking. The within-subject factor 
Conditions (with masking noise; without masking noise) was 
significant (F(1,74) = 26.32, p<.0001), as participants were 
more accurate at detecting a pure tone in silence than with a 
masking noise in the contralateral ear. The effect of Group was 
also significant, with an increased accuracy with age 
(F(4,74) = 2.63, p<.05). The interaction Group*Mask 
however, was not significant (F<1). To further understand our 
results, post-hoc analyses were performed. Although the 
interaction did not reach significance, it appeared that the 
effect of mask was significant only for children in 1st (p<.01), 
2nd (p<.05), and 3rd (p<.05). 

 

 
 
Figure 1: Mean accuracy by groups for each auditory task. 

2.5.2. Verbal tests 
Scores at verbal tests are presented in Figure 2. 
EVIP Test. Participants’ scores were normalized, accounting 
for their age. Those scores were not significantly different 
across groups (F<1). However, when turned into an equivalent 
age score, Group effect was significant 
(F(4,74) = 13.30, p<.001), highlighting that participants 
vocabulary improved with age. 
Phonological awareness. Older participants were more 
accurate to repeat word (F(4,74) = 6.95, p<.0001); pseudo 
word (F(4,74) = 4.14, p<.01) and logatomes 
(F(4,79) = 3.75, p<.01).  
ECOSSE Test. The factor Group was significant in this 
comprehension task (F(4,79) = 10.05, p<.001). Older 
participants performed better than younger.  
To sum up, verbal tests are sensitive to participants’ group. 
However, it is interesting to specify that when scores are 

transformed into equivalent age score, no difference appears, 
thus suggesting that each group has the same level compared 
to its aged match. 
 

 
 
Figure 2: Score at verbal tests depending on groups. 

2.5.3. Correlations between verbal skills and nonverbal 
tests 
To investigate the link between language and auditory non-
verbal skills we performed correlations matrices on our data. 
As mentioned in the results the effect of Group was very 
important, correlations matrices were consequently performed 
for each group so that correlation cannot be influenced by a 
simple developmental effect.  

- Phonological awareness. A significant correlation 
was found between the performance at the logatome repetition 
task and the ability to discriminate frequency, in 4th grade 
children (r = 0.65; p<.05). High frequency discrimination 
accuracy was associated with high score to logatome repetition 
task. In addition, it appeared that participants who were less 
sensitive to central masking had better score in pseudo-word 
repetition in 3rd grade (r = -0.55; p<.05). 

- Vocabulary. Scores to the EVIP test improved with 
accurate duration discrimination for 3rd grade children 
(r = 0.60; p<.01) and with frequency discrimination for 4th 
grade children (r = 0.54; p<.05).  

3. Discussion 
The first aim of the study was to investigate the behavioral 
consequences of the central auditory processes maturation 
across 5 groups of children, ranging from 1st to 5th grade of 
primary school with comparable non-verbal intelligence 
accounting for age. Participants performed 3 tests selected as 
they evaluate important abilities for speech development. 
First, a lateralization task was presented, participants were 
asked to indicate from where the pure tone was presented (i.e. 
left, right or center). As expected, accuracy significantly 
increased with the ILD, that is, the more the sound is 
lateralized, the better children are to point its direction. It 
seemed however that this ability is already well developed by 
the age of 6 (1st grade) as the Group effect misses significance. 
The ability to lateralize sounds is crucial in speech-in-noise 
comprehension; as it seems to be operational early in 
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development, it might indicate that young children can 
efficiently use spatial cues to release masking in adverse 
situation. 
A discrimination task was then presented to children. They 
were asked to evaluate if the two presented pure tones (a 
standard followed by a stimulus) were the same or not. In the 
first subtest, the stimulus duration could be the same or shorter 
than the standard’s. It appeared that participants increased 
their performance when the difference between the standard’s 
and the stimulus’ duration was more important. In addition, 
development seemed to improve their abilities to process 
stimulus duration, as revealed by the significant effect of 
Group. The second subtest consisted in comparing two pure 
tones which this time could differ in frequency (i.e. the 
stimulus being of higher frequency than the standard in half 
trials). Once again, accuracy increased with the difference of 
frequency between standard and stimulus, and older 
participants performed better than younger, suggesting that 
maturation of central auditory processes improves frequency 
discrimination acuity.  
Finally, participants were asked to perform a central masking 
task. This task might reflect the sensibility of participants to 
masking in daily life. It was sensitive to participant’s age, as 
older performed better than younger. In addition, post-hoc 
results revealed that the deleterious effect of mask was 
significant only for young children (from 1st to 3rd grade), 
older children however were not significantly disturbed by the 
masking noise. These results suggest that the superior olivary 
complex has not ended its maturation process by the age of 6 
and evolves at least until 8. It seems, thus that the maturation 
of central auditory processes leads to a better resistance to 
central masking, and consequently, to a better ability to 
understand speech-in-noise.  
Despite the probably high impact of such central auditory 
abilities on the development of language skills, few studies 
have experimentally investigated their development in parallel 
with language development in children. These results clearly 
highlight that central auditory processes improve with age and 
this improvement have direct repercussion on behavior. Indeed 
if there is truly a relationship between CAPD and 
developmental language and its disorders, we should find 
correlation between the children performances in auditory and 
language tasks. Interestingly significant correlation between 
auditory and language skills appeared for children in 3rd and 
4th grade. Our results highlighted that phonological awareness 
was positively related to frequency discrimination skills. This 
is consistent with Tallal’s theory [9] of a temporal perception 
deficit. According to her, children suffering from SRI and SLI 
fail to detect rapid frequency change which leads to a 
difficulty to discriminate accurately phonemes. Third grade 
results confirm clearly the link between the ability to 
discriminate frequency (even without time constraint) and 
phonological awareness. Sensitivity to central masking also 
influenced phonological awareness as evidenced by the 
improved accuracy to repeat logatomes with the decrease of 
the difference between masked and unmasked condition. This 
suggests that a better ability to resist masking provides a better 
phonological awareness. It seems quite intuitive, as speech is 
often perceived in noise, that children performing well in noise 
create more robust phonological representation. This result is 
also consistent with data on SRI. Their phonological 
representations indeed are known to be weak and they perform 
poorly in noise [21], [22]. 

Other correlation between language and auditory skills 
appeared to be significant. Vocabulary is linked to 
discrimination task for both 3rd grade (duration) and 4th grade 
(frequency). The ability to process low acoustic features 
influencing higher level of language than phonological 
awareness is very interesting. Indeed, it suggest that other SLI 
symptoms than phonological representation weakness (e.g. 
naming deficit, poor vocabulary) could be linked to a CAPD. 
As speech comprehension models suggest that the oral input is 
processed in cascade [23] it seems coherent that a poor 
phonological resolution leads to a poor comprehension. The 
imprecise phonological input could be less easily associated to 
a meaning. This would imply then that the maturation of CAP 
does have important consequences on language development, 
whether in typically developing children or SRI or SLI 
children.  
An interesting way to pursue this study would be to test SRI 
and SLI children, to evaluate if the central auditory processes 
we are testing here are specifically impaired in those children. 
In addition, if participants encountering difficulties in 
vocabulary tasks show more auditory deficit than others this 
would confirm that low level lack of precision have 
consequences on high linguistic processes and/or 
representations. This would also mean that low level signal 
degradation (whether because of poor processes or external 
noise) influences language development, and that noisy 
environment could generate other problems that simple lack of 
intelligibility. 

4. Conclusions 
This study showed that central auditory processes mature 
among primary school (from 1st to 5th grade). This maturation 
affects principally the ability to discriminate frequency and 
duration and the sensitivity to central masking. It seems 
however that the ability to lateralize sound is already efficient 
in 1st grade children. In addition, some language skills (i.e. 
phonological awareness and lexical level) correlate with 
auditory abilities, thus suggesting that low level auditory 
processes are involved in language development at different 
level. 
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