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Abstract: Objective of the study: To measure and compare
the latencies of P1, N1 & P2 of ALLR in children with learning
disability. Methodology: For 20 children diagnosed with
learning disability (LD), Pure Tone Audiometry, Speech
Audiometry, Impedance Audiometry, and ALLR were
obtained, and the results were compared to a control group.
Important Findings: Between children with LD and the
normal control group, there were highly statistically
significant variations in the amplitudes of the waves P1, N1,
and P2. The latencies of the ALLR waves P1, N1, P2, and N2
did show differences, though the results did not reach
statistical significance. These results indicate that children
with LD may have problems in auditory sensory processing.
Conclusions: Auditory Long Latency Responses can be used
for the early detection of children with learning disabilities and
provides the opportunity to plan the treatment for
improvement of auditory skills.
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Introduction:

The term learning disability (LD) describes a neurobiological
disorder amid which a human brain is structured or worked
differently. Children suffering from Learning Disabilities find
difficulties in talking, listening, reading, writing, spelling,
reasoning, recalling, organizing information, and in doing
arithmetic. Other than these problems children with LD exhibit
problems in attention, social-emotional problems, nonverbal
learning  disorders, motivational problem, attribution
problems, and perceptual deficits [1]. The prevalence of
learning disabilities is subject to much dispute thanks to the
dearth of an agreed-upon definition of LD and objective
diagnostic criteria[2-4]. The DSM-V reports prevalence
estimates of 5-15 % for children with Learning Disabilities[5].
Children acquire language by the auditory mode; thus, it's
crucial for learning that a child’s auditory system should
function properly. Children with LD can have problems in

auditory function e.g., they may have a problem in hearing
loud sounds and can be very sensitive to soft sounds, and these
children may also have Central Auditory Processing Disorders
(CAPD), or disorders of auditory attention[6-9].

The Auditory Evoked Potentials (AEPSs) gives us information
about the functioning of the auditory system. The auditory P1-
N1-P2 complex is constituted of three peaks. These responses
are described by means of amplitude and latency. Children’s
LLRs are dominated by the P1 and N2 peaks, while the LLR
of adults are prevailed by the P1-N1-P2 complex. In
preschool-age children (1-4 years), the P1 is the most
predominant peak[10-11], while in school going children (3
6 years) the wave N2 becomes progressively robust. After that,
wave N2 dominates LLR potentials until adolescence[11,12].
From about age 3, with slow stimulation rate, the N1 can be
recorded in addition to the N2 peak[13,14].

Auditory Long Latency Responses (ALLR) is a crucial way to
evaluate auditory information processing at the central level.
The integrity of primary auditory cortex and association cortex
is an indicator that the auditory acuity can be assessed by using
ALLR. Therefore, the objective of the current study is to
assess the auditory sensory process in cortical areas by using
auditory long latency responses, by comparing the latencies of
P1, N1 & P2 in children with learning disability and normal
control group.

Methods

The study was conducted at the Speech & Hearing Unit,
Department of Otorhinolaryngology, PGIMER, Chandigarh.
A total of 20 children in the age range of 7 — 12 years,
diagnosed in the spectrum of learning disability by a specialist
in clinical psychology were referred from the Out Patient
Department of Psychiatry, PGIMER, Chandigarh. In order to
avoid across-group variability during comparisons of ALLR
parameters in children, age matched control was also enrolled.
Twenty age and sex-matched otologically normal subjects as
controls were taken. The children who have any history of
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middle ear infection, family history of deafness, history of
ototoxic drug usage and those children who have 1Q < 70 were
excluded from the study. An informed consent form was
signed by all the subjects and their parents before participating
in the study. The ethics committee of the institute approved the
study before the commencement of the study.

Instruments and Procedure:

A detailed case history of all the subjects was taken which was
followed by otological examination. All the patients were
subjected to audiological test battery comprising of Pure Tone
Audiometry  (PTA), Speech Audiometry, Imittance
Audiometry and Auditory Long Latency Responses (ALR).
Each ear was tested separately.

Pure Tone Audiometry

Air conduction (AC) and bone conduction (BC) thresholds
were measured for pure tone stimuli in a sound treated room
at 250, 500, 1000, 2000, 4000 and 8000 Hz using Madsen
Orbiter 922 diagnostic audiometer. The dual channel
audiometer was used to measure the pure tone thresholds,
speech discrimination score and speech reception thresholds
of all the individuals. The instrument was calibrated as per
American National Standards Institute (ANSI) standards.
Telephonics TDH 39 supra aural earphones with noise
excluding headsets were used for pure tone audiometry.
Speech Audiometry

Speech Reception Threshold (SRT): Madsen Orbiter 922
diagnostic audiometer and TDH 39 earphones were used to
measure Speech Reception Threshold. Spondee words in
Hindi (developed at AIIMS, New Delhi) and Punjabi
(developed by Dr. Sanjay Munjal, PGIMER, Chandigarh)
were presented to the subjects and they were asked to repeat
them. SRT was taken as the minimum intensity, at which 50%
of the spondee words were repeated correctly.

Speech  Discrimination  Scores (SDS): A 50-word
phonetically balanced (PB) Hindi/Punjabi list was presented
to each patient's ear at 40 decibels above the SRT. The number
of words that were accurately repeated was recorded, and a
speech discrimination score was calculated.

Impedance Audiometry

Immitance audiometer Maico MI 34 calibrated according to
the “ANSI” standards, was used to assess the function of
middle ear and to measure acoustic stapedial reflex of the
subjects. The pressure range was varied from -400 to +200
daPa with air pump speed of 400 daPa/sec. The frequency of
the probe tone used to measure the ear canal volume was 226
Hz, as required by CEI/IEC 1027: 1991 and ANSI S3.39-1987
standards.

Auditory Late Latency Responses (ALR)

ALLR was measured with a NeuroAudio auditory evoked
potential diagnostic system EEG electrodes were used to
obtain all the recordings. The electrode impedance was
maintained below 5 K ohm. Responses were differentially
recorded from Cz to ipsilateral mastoid with forehead as
ground. The following parameters were used for acquiring
ALR responses

Stimulus: 40ms Tone Burst

Frequency: 1000 Hz

Rate: 1.1/sec

Polarity: Alternating

Transducers: Insert Earphones

Intensity — 90 dBnHL

Filters: 1-30 Hz

Notch Filter: Off

Amplification: 50x

Runs: 2

Analysis time window: Overall 600ms

Sweeps: 250

Electrode Montage: Ipsilateral Array

Statistical Analysis: The statistical analysis was carried out
with the SPSS 16 software package (statistical package for

social sciences). Initially the data was screened for
normality. Descriptive statistics was carried out using chi-
square test and student ‘t” test was applied to compare the
study and control groups .the mean and standard deviation
were reported and a p value less than 0.05 was considered
statistically significant.

Results

Characteristics of patients

The children included for the study were all between the ages
of 7 and 12, with an average age of 8.95 years (SD =2.11) and
9.00 years (SD = 2.25) for control and study group
respectively; 75 % (N=15) of children were males and 25 %
(N=5) were females in the control group while in the study
group, 80 % (N=16) of the subjects were males and 20 %
(N=4) were females.

Audiological findings

The mean pure tone average (average of 500 Hz, 1kHz & 2
kHz) for the right ear in the control group, was 17.50 dB HL
(SD=1.91) while it was 17.42 dB HL (SD= 1.95) for the study
group. The mean pure tone average for the left ear in the
control group, was 17.45 dB HL (SD=1.32) while it was 17.42
dB HL (SD=1.17) for the study group. The t value of 0.1278
(p>0.05) and 0.0724 (p>0.05) respectively for right and left
ear depicted no significant differences between the two
groups.

The SRT in the right ear of the normal group was 21.60 dB HL
(SD=2.04) while it was 22.21 dB HL (SD=2.46) in the study
group. While the SRT in the left ear of the normal group was
23.00 dB HL (SD=1.52) and 23.21 dB HL (SD=1.55) in the
study group. The t value of 0.8455 (p = 0.4032) and 0.4282
(p=0.6710) for the right and left ear respectively depicted no
significant differences between the two groups.

SDS was 94.40 % (SD= 2.01) for the right ear in the control
group, it was 94.32 % (SD= 2.03) in the study group. In the
case of the left ear, it was 94.40 % (SD= 2.01) in the control
group and 94.53 % (SD=1.98) in the study group. The t values
of t=0.1302(p= 0.8971) and t=0.1975 (p= 0.8846) for the right
ear and left ear respectively, suggests no significant
differences between the two groups.

Impedance Audiometry depicted type “A” tympanogram in
both the ears of all the children in the study group and control
group. Both Ipsilateral and Contralateral reflexes were present
in both the ears of all the children in the study and control
group.

The mean latency was 63.31 msec (SD=6.874) and 66.38 msec
(SD=5.854) for wave P1. The t value of 1.4972 (p=0.1428).
For wave N1, the mean latency was 97.09 msec (SD=2.457)
and 97.37 msec (SD=3.709) for the control and study group
respectively, t = 0.2777 (p=0.7828). For wave P2, the mean
latency was 143.52 msec (SD=10.991) and 142.01 msec
(SD=11.297) for the control and study group respectively, t =
0.423 (p=0.6748). For wave N2, the mean latency was 195.07
msec (SD=16.479) and 198.88 msec (SD=22.507) for the
control and study group respectively, t = 0.6069 (p=0.5476).
All these findings depicted no statistically significant
differences between the groups.

In the left ear for wave P1, the mean latency was 70.86 msec
(SD=7.27) and 71.64 msec (SD=6.22) for the control and
study group respectively, t= 0.1759 (p=0.8613). While for
wave N1 the mean latency was 99.07 msec (SD=6.986) and
104.14 msec (SD=9.588) for the control and study group
respectively, t=1.8971 (p=0.0656). The mean latency of wave
P2 was 148.02 msec (SD=12.37) and 151.28 msec (SD=9.837)
for the control and study group respectively, t = 0.9091
(p=0.3692). While for wave N2 the mean latency was 194.58
msec (SD=14.356) and 199.37 msec (SD=20.555) for the
control and study group respectively, ‘t’ value of 0.8479
(p=0.4019). All these findings show no statistically significant
differences between the groups.
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For wave P1, the mean amplitude was 5.24 pv (SD=1.231) and
6.36 pv (SD=1.837) for the control and study group
respectively, t = 2.2540 (p=0.0302). For wave N1, the mean
amplitude was 7.04 pv (SD=2.243) and 5.26 pv (SD=1.446)
for the control and study group respectively, t = 2.9644
(p=0.0053). For wave P2, the mean amplitude was 4.53 pv
(SD=1.029) and 6.1 pv (SD=1.216) for the control and study
group respectively, t = 4.3583 (p=0.0001). These findings
show highly statistically significant differences between the
two groups.

In the left ear, the mean amplitude for wave P1 was 4.60 pv
(SD=1.280) and 6.51 pv (SD=1.066) for the control and study
group respectively, t = 5.0658 (p=0.0001. For wave N1 the
mean amplitude was 6.53 pv (SD=1.821) and 4.78 pv
(SD=1.417) for the control and study group respectively, t =
3.352 (p=0.0019). And for wave P2 the mean amplitude was
4.39 pv (SD=1.669) and 5.69 pv (SD=1.349) for the control
and study group respectively, t = 2.6659 (p=0.0113). All these
findings show statistically significant differences between the
groups.

Discussion

In the current study, significant differences in the AC
thresholds, SRT, and SDS between the control and study group
were not found. The results of the air conduction threshold,
SRT, and SDS in the present study are in consonance with the
findings of Murphy C F B & Schochat E done in 2009. They
analyzed 30 dyslexic and 27 normal controls children. In their
findings, all the children have hearing within normal limits in
their audiometric evaluation [15]. However, in a study done in
1980 by Bennett F C et al in which 38% of children with LD
and 16% of children in the control group had hearing problems
on PTA test [16]. There was no observable difference in the
tympanogram and stapedial reflex finding between the two
groups. However, Freeman and Parkins in 1979 study 50 LD
children. The clinical examination revealed that 20 percent of
the LD children had evidence of OME [17] and as reported by
Thomas WG et al in 1985, 32% of the children with LD have
abnormal Acoustic Reflex Thresholds (ARTSs) [18].

The results of LLR indicates that the latency of wave P1 is
delayed but could not reach the level of significance. Similar
findings were found by Farah Khaliq et al in 2010 [19].
However, Purdy et al in 2002 conducted a study on 10
individuals with LD and a normal control group in the age
range of 7-11 years and found that P1 latencies were shorter in
children with LD [20]. The amplitude of wave P1 is enhanced
significantly in the study group as compared to the normal
control group. In a study by Satterfield et al. (1987), the
authors reported that click-evoked amplitude of waves P1, P2,
P1/N1 and P2/N2 in children with attention difficulties were
not significantly different in control group. On the contrary,
Byring and Jaryilehto (1985) reported the reduced amplitude
of the peaks of late latency auditory evoked potentials in
individuals who exhibited a high rate of spelling errors.

The values for wave N1 latencies were higher in children with
learning disabilities though not statistically significant, and
these findings are suggestive of the changes in the auditory
processing of children with Learning Disabilities. Bernal et al
[21] also did not find any significant differences in the latency
of N1 between normal and poor readers. But Hamaldinen JA
et al[22] in 2007 found that children with a reading disability
had a statistically significant larger N1 response than control
children. However, Purdy et al in 2002 reported that wave N1
was earlier in children with learning disability as compared to
the normal control group. It was suggested that delayed
latency of wave N1 component is associated with auditory
processing onset failure, but specifically, it is related to deficits
in auditory cortical information synchronization associated
with auditory attention factors [20]. And, the amplitude of the
wave N1 is reduced significantly in children of the study group

as compared to the normal control group. The reduction in
amplitude of wave N1 in the children of the study group in our
study is consistent with other studies [28,18]. Jutras B et al in
2001 also reported a reduction in amplitude of the N1 wave in
an individual presenting verbal disfluency and learning
difficulties [29]. However, Purdy S.C et al in 2002 found that
for standard stimuli, N1 amplitude was smaller and P2 was
earlier. And for deviant stimuli, N1 was earlier and P2-N2 was
smaller [20]. The drop in amplitude of wave N1 could be due
to a reduction in electrical activity in the supratemporal
auditory cortex's primary and secondary areas, which is
involved in processing [30].

The P2 wave is associated with auditory and temporal
characteristics of the sound. In children with LD, the wave P2
has a late onset and they showed problems in encoding and
depiction of the stimulus which is received by the central
auditory pathway [23]. In the present study, the latency of
wave P2 is also delayed but not statistically significant in
children with LD. Analogous results have been observed by
Lubar J F et al in 1992; however, they found that wave P2
latency is statistically significantly delayed. However, Cynthia
King et al in 2001 did not find any latency or amplitude
differences in children with learning impairment (LP) and
those with normal hearing but delayed brainstem onset
latencies to stimulus /da/ [24]. Prolongation of P2 wave
latency in our study indicates a deficiency in stimulus
discrimination in children with LD. P2 amplitude was
enhanced statistically significantly in LD children as
compared to the control group in the current study.

The N2 wave is associated with the physical discrimination of
the stimuli and the N2 wave is also associated to sensory
auditory processing, which is responsible for perception,
recognition, attention, and discrimination of sounds [25]. The
latency of the N2 wave in the present study was also delayed
in children with LD when compared with the normal control
group but statistically insignificant difference was seen. The
findings of the current study are in agreement with the results
of Farah Khalig et al in 2010 [19]. The passive and pre-
attentional habitual responses produced by the discrimination
of a nonstandard stimulus in the midst of standard stimuli
during LLR recording were weak in children with learning
difficulties in the present study. This weakness in children
with learning disabilities suggests that these children's
discrimination and attention were distorted [26,27] and it also
suggests that these children may have problems in auditory
sensory processing which is accountable for discrimination of
sounds, auditory perception, and attention.

The deviations in the values of waves P1, N1 & P2 between
the study group and normal control group could also be
attributed to the differences in the anatomical structure in the
medial geniculate nucleus in the thalamus and corpus callosum
as suggested by different studies [19,22,31]. The authors
suggested that anatomical differences in these areas could be
the reason for changed long latency responses in children with
Learning Disabilities [32,33]. And some authors also
suggested that there is a difference in the quantification of
blood flow in children with Learning Disabilities mainly in the
right hemisphere as compared to normal children [34]. The
findings of the current study reveal that children with learning
disabilities may have anatomical and functional problems.
Therefore, LLR can be used to diagnose learning problems in
children at an early age. This test also allows you to organise
your treatment for improving your auditory skills using the
auditory-linguistic training method. Because these auditory
skills are required for the development of reading and writing
abilities.

Conclusion
The present study tried to assess the auditory sensory process
in cortical areas by using auditory long latency responses. The
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electrophysiological investigations using ALLR revealed
differences in findings between the control group and children
with LD. The deviations in the values of waves P1, N1 & P2
between the study group and normal control group could be
attributed to the differences in the anatomical structure in the
medial geniculate nucleus in the thalamus and corpus
callosum. And it is also associated with auditory processing
onset failure, but specifically, related to deficits in auditory
cortical information synchronization associated with auditory
attention factors. Therefore, LLR can be used for the early
detection of children with learning disabilities and provides
the opportunity to plan the treatment for improvement of
auditory skills.
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