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Abstract

It is essential that individuals diagnosed to have an auditory processing
problem (APD) be provided appropriate management in order to overcome
their difficulty to the maximum extent possible. The positive impact
of training on individuals with APD has been demonstrated in studies
carried outside India as well as within India. In India, studies on the
management of APD have primarily focused on deficit specific therapy.
These studies have demonstrated positive outcomes for therapy provided
for auditory processes such as auditory integration, auditory separation /
closure training, temporal integration, and temporal patterning. Deficit
specific training has been noted to be useful not only in children but
also in older adults with APD. Along with such training, the use of
compensatory and coping strategies is recommended to help individuals
with APD deal with difficulties faced in day-to-day situations. The article
provides an overview of the studies carried out in India regarding APD
management.
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The ultimate goal of screening and diagnostic
assessment for auditory processing disorders (APD)
is to determine effective management strategies.
Management of individuals with auditory process-
ing problems is required to enable them to lead a life
that is as fulfilling as possible despite the presence
of auditory processing difficulties. The manage-
ment techniques vary depending on whether the in-
dividual has a condition requiring medical/surgical
intervention or a condition that does not. Audi-
ological intervention is majorly provided for con-
ditions where medical/surgical intervention is not
warranted.

The percentage of children with APD or with
symptoms of APD in India is similar to that re-
ported in Western literature. Chermak and Musiek
(1997) reported that in school-going children the
prevalence of APD was 2 to 3%. Likewise, in India,
the prevalence of school-going children who are at-
risk for APD was found to be 3.2% (Muthuselvi &
Yathiraj, 2009). The figure obtained in the latter
study was based on information obtained from 3120
school-going children using the ‘Screening check-
list for auditory processing (SCAP)’ (Yathiraj &
Mascarenhas, 2003, 2004). It has also reported
that children with learning disability have abnor-
mal representation of auditory stimuli in the central
auditory nervous system despite normal periph-
eral auditory system (Cunningham, Nicol, Zecker,
& Kraus, 2000; Hayes, Warrier, Nicol, Zecker, &

Kraus, 2003). It has been observed that 3 to 7% of
all school-aged children exhibit some form of learn-
ing disability (Bellis, 1996). Similarly, in India
it has been found that the percentage of children
found to have dyslexia ranges from 3% (Ramaa,
1985) to 7.5% (Nishi, 1988). Due to the high per-
centage of children with symptoms of APD, it is
essential that provision be made to reduce the neg-
ative impact of the condition.

To prevent the dropout of these children from
school, it is essential to identify them and pro-
vide rehabilitation. The positive impact of train-
ing has been demonstrated in studies carried out-
side India (English, Martonik, & Moir, 2003; Katz
& Burge, 1971; Katz, Chertoff, & Sawusch, 1984)
as well as within India (Maggu & Yathiraj, 2011a;
Maggu & Yathiraj, 2011b; Priya & Yathiraj, 2009;
Yathiraj & Mascarenhas, 2003, 2005; Yathiraj &
Priyadarsini, 2009). These studies have highlighted
that appropriate and systematic training can bring
about changes that enable the individuals diag-
nosed to have APD to perform not very differ-
ent from those diagnosed to not have the condi-
tion.

Management Trends for APD

In the Western world in the ‘80s and early ‘90s,
with the exception to a few researchers such Katz
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and Burge (1971), individuals with APD were rec-
ommended to avoid situations that involved utiliz-
ing auditory processes that were deficit. Thus, in-
dividuals were often informed to avoid noisy sit-
uations, as difficulty in listening in the presence
of noise was considered a major difficulty. How-
ever, since the mid ‘90s, this approach has changed
worldwide, including India. The current focus is to
train individuals with APD to enhance their abil-
ities by stimulating the deviant auditory process.
This change in the overall training method stems
from the findings of studies on neural plasticity.
Three types of neural plasticity were described by
Scheich (1991). These included developmental plas-
ticity, compensatory plasticity and learning related
plasticity. While all three types of plasticity prob-
ably did play a role in the success of a training
programme, learning related plasticity was consid-
ered to play a major role. Researchers have demon-
strated that appropriate auditory stimulation can
result in changes in the neural auditory system
(Edeline, Pham, & Weinberger, 1993; Edeline &
Weinberger, 1993; Linkenhoker & Knudsen, 2002;
Recanzone, Schreiner, & Merzenich, 1993). Thus,
acoustic stimulation or the lack of it can alter brain
plasticity.

Two major trends in the management of indi-
viduals with APD have been recommended in liter-
ature. These include the bottom-up and top-down
approaches. The bottom-up therapy programme
usually involved providing auditory training activi-
ties to tap auditory processes that were found to be
deviant on evaluation. In addition, it included mea-
sures to improve signal-to-noise ratio either through
the use of assistive devices or reduce noise and re-
verberation. In contrast, a top-down therapy pro-
gram focuses on improving the individual’s abilities
to utilise rules of language and cognition abilities.
With considerable emphasis being given to deficit
based therapy (Bellis, 2003; Chermak & Musiek,
1997; Chermak & Musiek, 1992; Katz & Burge,
1971), as well as evidence of its positive impact, the
bottom-up approach has gained more impetus in
the recent past. Deficit based therapy has also been
referred to as direct remediation therapy.

Deficit specific intervention of APD is based on
three primary assumptions. First assumption is
that certain basic auditory skills or processes un-
derlie more complex listening, learning and com-
munication utilities. The second assumption un-
derlying the utility of deficit-specific intervention
for APD is that through the use of different diag-
nostic tests it is possible to identify the auditory
processes that are dysfunctional in a given individ-
ual. According to Domitz and Schow (2000), and
Schow, Seikel, Chermak, and Berent (2000), no sin-
gle test is sufficient to diagnose APD. Rather, the
use of a combination of tests that assess multiple
auditory processes was indicated. A final assump-

tion important to the utility of deficit-specific inter-
vention for APD was that training on the specific
deficient auditory processes would result in an im-
provement in those functions that the individual
experiences difficulties. Thus, it can be construed
that in order to provide appropriate remediation, it
is essential to initially detect the auditory process or
processes that is/are defective. This would serve as
a guideline in planning an intervention programme.
It has also been recommended by the American
Speech-Language-Hearing Association (1996) and
Smoski, Brunt, and Tannahill (1992) that infor-
mation gathered from checklists and questionnaires
used to identify children at-risk for APD could pro-
vide insights regarding functional deficits and as-
sist in planning habilitation programmes. The use
of such checklists and questionnaires are recom-
mended only in the absence of facilities to provide
diagnostic test information.

According to Chermak and Musiek (1992), man-
agement of APD requires a comprehensive ap-
proach, given the range of listening and learning
deficits associated with this complex and hetero-
geneous group of disorders. Further, Ferre (1998)
opined that effective management for APD must
include modification of a client’s environment to
minimize auditory overload and maximize coping,
teaching and usage of compensatory strategies.
The use of coping strategies by the client, direct
therapeutic techniques designed to improve the de-
ficient auditory (and / or other related) skills was
also suggested.

Direct therapeutic techniques aim at alleviat-
ing specific auditory processing problems that an
individual may have. The purpose of direct reme-
diation activities is to maximize neuroplasticity and
improve auditory performance by changing the way
the brain processes auditory information (Bellis,
1996; Chermak & Musiek, 1997). Besides improv-
ing the targeted auditory process, auditory training
is known to improve basic auditory skills such as
auditory vigilance, temporal and spectral detection
and discrimination, and inter-hemispheric transfer.
Typically, direct remedial training involves provid-
ing auditory training for a specific auditory process
that is found to be defective in order to stimulate
its use.

It is generally hypothesised that providing
deficit specific training through direct remediation
would also help in speech perception. This in turn
would improve the individual’s communication and
learning skills. Depending on the specific audi-
tory process that is found to be defective, direct
therapy is provided for auditory integration, au-
ditory separation / closure training temporal pro-
cessing and / or auditory interaction. In addition,
training is also given for specific acoustical param-
eter, phoneme synthesis and multi-modality inter-
hemispheric stimulation.
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APD Management Techniques Used
in India

In keeping with the changing trend in the rest
of the world, management procedures for individ-
uals with auditory processing problems have also
changed in India over the years. In the ‘80s, prac-
ticing audiologists recommended that individuals
with APD should avoid noisy situations. Addition-
ally, individuals with symptoms of APD were coun-
selled regarding the availability of FM systems that
would enable them to hear better in the presence
of noise. Research in the area of APD manage-
ment was non-existent in India at that period of
time. Thus, audiologists in India followed the rec-
ommendations made by researchers in the Western
world. The earliest publication regarding a sys-
tematic training programme for auditory process-
ing problems in India was by Shivashankar (1998).
He described two training programmes, ‘Controlled
auditory signal presentation strategies’ and ‘Audi-
tory perceptual training’ developed earlier by him
along with Shashikala. These training programmes
were designed for individuals with aphasia having
symptoms of auditory processing. However, no evi-
dence was provided regarding the utility of the tech-
niques.

Yet another document that described different
techniques to provide training for children with
APD was developed by Delcy (2001) under the
guidance of Yathiraj. This independent project de-
scribes a host of techniques as guidelines for clini-
cians to utilise with individuals having APD. These
recommendations were based on ideas available in
literature as well as based on the suggestions of the
guide.

The first empirical evidence of an APD man-
agement programme in India was in a project by
Yathiraj and Mascarenhas (2003) that was later
published (Yathiraj & Mascarenhas, 2005). This
study utilized multiple techniques depending on the
deficit demonstrated by the children. This included
phoneme synthesis training along with auditory in-
tegration, auditory separation and recognition of
low redundancy speech, auditory memory (recall
and sequencing) and duration pattern recognition.
Subsequent to this study, several others ensued,
substantiating the utility of deficit specific/direct
remedial training. Given below are descriptions
of the studies that have provided direct remedia-
tion for different auditory processes in India with
a brief link with the status in other parts of the
world.

Auditory Integration Training

To improve performance of children who demon-
strated difficulty on a dichotic listening task, sev-
eral methods have been tried and found to be ef-
fective. This includes practice on the staggered

spondaic word test, a dichotic procedure (Minetti
& McCartney, 1978), dichotic off set training (Katz
et al., 1984), and the use of auditory stimulation to
the ear that has depressed dichotic scores (English
et al., 2003).

Priya and Yathiraj (2009) evaluated the utility
of a dichotic-offset training material developed by
Yathiraj (2006) on 12 children aged 7 to 12 years.
The training material consisted of 12 dichotic word
lists with six lists each having 10 word pairs. The
material had 6 offset lags that progressed from an
easy condition to difficult conditions (500 ms, 300
ms, 200 ms, 100 ms, 50 ms, & 0 ms). The partici-
pants selected for the study underwent education in
English medium schools for at least 3 years. They
had normal pure-tone, immittance, speech identifi-
cation, as well as normal intelligence and no speech
production problems. The children were included
in the study only if they failed SCAP (Yathiraj
& Mascarenhas, 2003, 2004) and the Dichotic CV
test developed by Yathiraj (1999) and/or the Di-
chotic Digit test developed by Shivashankar and
Herlekar (1991). The children were divided into
an experimental and control group with 6 children
each. The children in the experimental group re-
ceived therapy for 10 to 15 sessions, depending on
the progress made by them, while the control group
received no therapy. The training commenced with
the largest offset lag (500 ms) and the lag time
was progressively reduced. A child was required
to obtain a double-correct score (responses correct
in both ears) of approximately 70% to progress
to the next lower lag time. If the double-correct
scores obtained did not reach the 70% criteria the
lists were presented again in a randomized order.
Throughout the training the children were provided
feedback whether their responses were correct or
incorrect. The training continued until the child
was able to respond to the target criteria with the
0 ms lag lists. The utility of the dichotic off-set
training was established by comparing the baseline
performance on the dichotic digit and dichotic CV
tests (evaluation-1) with post training evaluations
(evaluation-2). The control group was evaluated
15 days following the initial evaluation. A statis-
tically significant (p < 0.05) improvement was evi-
dent in the experimental group but not in the con-
trol group. The improvement was more evident for
the dichotic CV test than for the dichotic digit test.
Further, the two groups were found to perform sim-
ilarly prior to the training on both dichotic tests.
However, following the training, the control group
showed a significant difference on the dichotic CV
(p < 0.05) test but not on the dichotic digit test
(p > 0.05). This lack of improvement in the di-
chotic digit test was ascribed to the test being in-
fluenced by auditory memory, thereby tapping both
auditory integration and auditory memory. On the
other hand, this influence was not observed for the
dichotic CV test that tapped only auditory integra-
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tion. It was concluded that the dichotic offset train-
ing programme developed by Yathiraj (2006) was
useful in improving auditory integration.

It was also demonstrated by Yathiraj and
Priyadarsini (2009) that a whole-brain activity
could improve auditory integration. Children aged
7 to 12 years, who passed a screening checklist
for auditory processing (Yathiraj & Mascarenhas,
2003, 2004) were selected for the study. Sixteen
children, who were provided abacus training in cen-
ters running the programme for a duration ranging
from 6 months to 2 years, were compared with 8 age
and gender matched children who did not undergo
such training. The children attended the abacus
training programmes to improve their mathemati-
cal abilities. As part of the training, coordinated
movements of the fingers of both hands were re-
quired for calculation of numbers dictated to them.
The auditory integration performance of the chil-
dren was evaluated using the dichotic digit test de-
veloped by Shivashankar and Herlekar (1991) and
the dichotic CV test developed by Yathiraj (1999).
The children who underwent the abacus training
were found to obtain significantly higher scores on
the dichotic CV test compared to the children who
had not undergone such training. However, on the
dichotic digit test, although the children who un-
derwent training obtained higher scores than those
who did not, the difference was not significant. It
was concluded that a dichotic test that has less re-
dundancy, such as the dichotic CV test, is able to
detect the subtle improvement in performance in
auditory integration following diotic training that
involved intensive auditory stimulation.

Thus, the studies demonstrate that improve-
ment in auditory integration can be brought about
through auditory integration stimulation using di-
chotic off-set training or intensive diotic listen-
ing training. While the study by Yathiraj and
Priyadarsini (2009) was done on children who were
not at-risk for auditory processing disorders, it is
possible that similar or greater improvement may
be seen also in children with auditory integration
problems.

Auditory Separation / Closure Training

One of the main difficulties seen in individuals
with problems in auditory separation / closure is
perception in the presence of noise. To deal with
such problems, as early as 1971, Katz and Burge
advocated the use of noise desensitization to help
such individuals. They used speech-in-noise desen-
sitization therapy in 49 children with APD. This
was done over 8 sessions of 30 minutes each. It was
found that children who were exposed to speech
under controlled noise conditions were able to de-
velop a greater tolerance for background noise and
showed a greater ability to respond correctly to

speech under noise conditions. This was observed
in the 31 children who were tested using a stereo
test and 28 children who were evaluated using a
monaural test.

In India the earliest report of an auditory sepa-
ration programme was developed by Shivashankar
and Shashikala described by Shivashankar (1998).
The programme, ‘Auditory Perceptual Training’,
was developed to improve auditory perception and
attention in patients with mild Wernicke’s or con-
duction aphasia having fine deficits in auditory per-
ception. The patients were required to indentify
digits or words in the presence of a background
passage presented through a tape recorder. To
make the task easier, initially the gender of the
speaker presenting the signal differed from that of
the speaker reading the background passage. In ad-
dition, the background signal was spoken in a sec-
ondary language of the patient and the foreground
signal spoken in his/her primary language. Further,
the foreground signal progressed from two digits to
four digits. The patient was required to either ver-
bally repeat or write down the words. Once the pa-
tient could accomplish the easier task, the contrasts
between the foreground and the background stim-
uli were gradually reduced one-by-one. Initially, the
speaker contrast was withdrawn by using a single
speaker, followed by the language contrast wherein
only the primary language of the patient was used.
Once the patient was able to carry out the task us-
ing four digits, the foreground stimuli were replaced
with words and the task was carried out using a
similar technique. Although no statistical informa-
tion was provided, the authors reported that the
outcome of the programmes was promising.

The effect of noise desensitisation therapy has
also been demonstrated in a study by Maggu and
Yathiraj (2011b). Ten children (8 years to 11 years)
who were referred on SCAP and failed a speech-
in-noise test were studied. While five of them re-
ceived 15 to 20 sessions of therapy lasting 20 to
30 minutes daily, five were not provided any form
of therapy. Six hierarchical levels of noises and
signal-to-noise ratios were used to provide the noise
desensitization training. The noise types included
a quiet situation, environmental noise (fan noise)
presented at +15 dB SNR, speech noise presented
at +10 dB SNR, + 5 dB SNR and 0 dB SNR,
as well as multi-speaker babble presented at 0 dB
SNR. The children were tested initially to estab-
lish their baseline performance using three differ-
ent speech tests (2 monosyllabic word tests & 1
sentence test). The experimental group was reval-
uated soon after the training programme and the
control group was evaluated 3 weeks after the initial
evaluation. The experimental group demonstrated
significant improvement in scores following training
(p < 0.05). No change in performance was observed
in the control group. Additionally, the two groups
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did not differ in performance during the first evalu-
ation, but in the second evaluation the experimen-
tal group had significantly higher scores than the
control group (p ¡ 0.05). This confirmed the util-
ity of the technique. It was postulated by Maggu
and Yathiraj that similar to what happens in tinni-
tus retraining therapy (Jastreboff & Hazel, 2004),
noise desensitisation training probably prevented
noise from reaching the limbic and autonomic ner-
vous system. This would have prevented it being
perceived and thus not allowing it to interfere with
the speech signal.

In an earlier study Yathiraj and Mascarenhas
(2003, 2005) holistic training was provided to 5
children who were referred on SCAP and were di-
agnosed to have APD. The children were consid-
ered to have APD if they failed one or more of
four APD diagnostic tests (Dichotic CV, Speech-
in-noise, Duration Pattern Test, Auditory sequenc-
ing test). The children were provided thirty ses-
sions of therapy, each lasting 45 minutes, five days
a week. The training was given by one of the
experimenters for the auditory processing deficits
that they demonstrated. Table 1 shows the train-
ing that was provided for the different deficits that
were utilised. Besides the different procedures used,
training was also provided utilised different signal-
to-noise ratios. The post therapy scores on the
diagnostic tests revealed that there was a signifi-
cant improvement in the performance of the chil-
dren for all the tests that were administered, in-
cluding the speech-in-noise test. For the Dichotic
CV test and Auditory sequencing test the improve-
ment was significant at the 0.01 level, while for the
Speech-in-noise test and Duration Pattern Test it
was significant at the 0.05 level. This indicated that
providing children with deficit specific therapy did
bring about an improvement in their auditory per-
formance. The interview with the parents and the
class teachers of the children revealed that there
was a generalization of the skills that were taught
during the therapy to the home and school situa-
tions. As the training was provided along with sev-
eral other techniques, it was difficult to pinpoint
which of the several techniques used brought about
the improvement seen in the children. However, the
study by Maggu and Yathiraj (2011b) that specif-
ically evaluated the effect of noise desensitisation
proved that such activities can bring about im-
provement in auditory separation / closure.

Temporal Processing Training

As per the report by the American Speech-
Language-Hearing Association (2005), auditory sig-
nals have different temporal components that in-
clude temporal integration, temporal discrimina-
tion, i.e. temporal gap detection, temporal or-
dering, and temporal masking. Temporal cues
are reported to be important for speech percep-
tion (Gordon-Salant & Fitzgibbons, 1993; Liégeois-

Chauvel, de Graaf, Laguitton, & Chauvel, 1999;
Lisker & Abramson, 1964; Shannon, Zeng, Ka-
math, Wygonski, & Ekelid, 1995; Summerfield,
1982; Tyler, Summerfield, Wood, & Fernandes,
1982).

Early training programmes for temporal pro-
cessing problems reported in literature focused on
manipulating specific components of speech signals.
This was noted to result in better perception of
speech. Tallal and Piercy (1974) observed that
children with language impairments required longer
cues when compared to a matched group of normal
children. They noted that when the initial portion
of the speech signal was prolonged, normal percep-
tion occurred. Two treatment programs developed
to address deficit in central auditory temporal pro-
cessing skills are Sloan’s Phonemic Training Pro-
gram (1986) and the Fast ForWord Program devel-
oped by Tallal and colleagues (Scientific Learning
Corporation, 1997).

In India, research for temporal processing prob-
lems has been carried out using non-speech based
stimuli. Shivashankar (1998) described of a tempo-
ral based training program to improve auditory pro-
cessing developed by Shivashankar and Shashikala.
The programme titled ‘Controlled Auditory Signal
Presentation Strategies’ was reported to be tried on
patients with Wernicke’s aphasia. The technique
started with non-linguistic auditory material. Ini-
tially, the patient was required to match the num-
ber of times they heard taps being presented by
a clinician seated in front of them. Once the pa-
tient was able to achieve this target, the train-
ing was done with only auditory cues being pro-
vided. Following this the patient was expected to
match signals hummed by the clinician, similar to
the pitch pattern and duration pattern test. The
hummed stimuli, presented in triads, initially var-
ied in pitch (e.g. low-low-high, high-low-high, etc)
and later varied in duration (e.g. long-short-long,
short-long-long, etc). Subsequently, linguistic units
were utilised in place of the hummed stimuli. The
authors however did not report of the utility of the
technique used by them.

Using the principles of the duration pattern test,
Maggu and Yathiraj (2011a) developed temporal
patterning training material. The duration of the
tones ranged from 250 ms to 500 ms. The 250 ms
duration tone was constant and the variable tone
was decreased gradually in 5 duration steps (500
ms, 450 ms, 400 ms, 350 ms, & 325 ms). This
was done for three different frequency tones (250
Hz, 1 kHz, & 4 kHz) representing low, mid and
high frequency signals. To vary the difficulty of the
training programme, the tasks were hierarchically
graded, commencing with 2-tone duration discrim-
ination, and progressing to 3 and 4-tone duration
discrimination. For each of the tasks, one stimulus
had a duration that was different from the remain-
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Table 1: Therapy activity based on process deficiency

Test Failed Process Therapy

Dichotic CV Auditory integration Auditory closure and Dichotic
offset training

Speech-in-noise Low redundancy speech and
auditory separation

Noise desensitization

Duration Pattern Test Duration pattern recognition Duration pattern training for
verbal and non verbal stimuli

Auditory Sequence Test Auditory memory and sequencing Memory games and memory
enhancing devices

ing.

Maggu and Yathiraj evaluated 10 children who
were referred on SCAP and had poor scores as
per the norms given by Gauri (2003) for the du-
ration pattern test. The children, aged 8 to 13
years, were randomly assigned to an experimental
and a control group, with equal number of children
in each group. While the children in the experi-
mental group received 19 to 25 sessions of train-
ing over a period of a month, those in the con-
trol group did not. The baseline performance of
all the children was obtained on five different pro-
cesses / higher cognitive skills (temporal pattern-
ing, temporal resolution, auditory separation, bin-
aural integration, and auditory memory & sequenc-
ing). In addition to the duration pattern test that
was used to evaluate temporal patterning, temporal
resolution was assessed using the ‘Gap Detection
Test’ developed by Shivaprakash (2003); auditory
separation using the ‘Speech perception in noise’
test developed by Yathiraj, Vanaja, and Muthuselvi
(2010b); binaural integration using the Dichotic CV
test developed by Yathiraj (1999); and auditory
memory and sequencing using the ‘Revised Audi-
tory Memory and Sequencing Test developed by
Yathiraj, Vanaja, and Muthuselvi (2010a). The
baseline performance was compared with the re-
sponse obtained after of the training in the exper-
imental group and 3 to 4 weeks after the baseline
performance in the control group. Significantly bet-
ter performance was obtained in the experimental
group on the tests that tapped temporal patterning
and auditory memory and sequencing (p < 0.05).
No such difference was seen in the control group.
Additionally, significantly better performance was
seen in the experimental group compared to the
control group on these two processes (p < 0.05) in
the second evaluation but not in the first evalua-
tion (p > 0.05). It was inferred that temporal pat-
tern training brought about improvement not only
in the process that was directly targeted (temporal
patterning) but also in higher cognitive skills (audi-
tory memory & sequencing). Further, maintenance
of performance was observed one month following
the cessation of therapy in two of the participants
from the experimental group who were randomly

selected for retesting. The improvement in audi-
tory memory and sequencing of speech stimuli fol-
lowing training with non-speech stimuli highlighted
the positive impact of non-verbal training material
on verbal performance. The study revealed that
training in one auditory process (temporal pattern-
ing) does not necessarily bring about improvement
in other auditory processes (temporal resolution,
auditory separation, & binaural integration). This
indicates that in children, training requires to be
given separately for each auditory process that is
found to be defective.

In a study currently under review by
Vaidyanath under the guidance of Yathiraj, an
auditory temporal resolution training program was
developed for adults. The same was tested on 20
older adults aged 55 to 75 years who had poor
scores on a temporal resolution test. The training
material consisted of gaps embedded in four differ-
ent kinds of noise (broadband noise, 500 Hz, 1000
Hz, & 2000 Hz narrow band noise). The entire
auditory temporal resolution training material was
divided into four levels (Level I to Level IV) to form
a hierarchy of activities that varied in complexity.
The complexity varied in terms of the duration of
noise in which the gap was embedded (300 ms in
level 1 & 200 ms in the remaining levels), the num-
ber of choices from which the discrimination had
to be done (2 choices in levels 1 & 2, 3 choices in
level 3 & 4 choices in level 4), as well as the dura-
tion of the gap that were inserted at the centre of
the noise segments (varied gradually from 30 ms to
3 ms within & across levels). Following training,
gap detection thresholds were found to improve
significantly. Maintenance of the improvement was
observed one month after the termination of ther-
apy. Further, in addition to improvement in the
process in which training was provided, there was
improvement in other processes / higher cognitive
abilities (Gap-In-Noise, Gap Detection, Duration
Pattern, Dichotic CV, Speech-Perception-in-Noise,
and Auditory memory span) as well as cortical
responses (N1 latency of late latency response).
Thus, it was inferred that in adults, training in one
auditory process does bring about improvement
in the other auditory processes. Furthermore, it
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was noted that improvement was seen not only in
behavioural responses, but also in specific electro-
physiological responses.

Acoustical Parameter Training

Several researchers have utilized training activ-
ities that focus on the acoustical parameters of
acoustical signals. The parameters include fre-
quency, intensity and/or temporal cues. Although
the training provides focus on specific acoustical
cues, the activities indirectly tapped specific pro-
cesses, especially those related to temporal cues.
Discrimination training of frequency and intensity
has been found to be effective by several studies
that used mismatched negative responses (MMN).
These studies were mainly done by Kraus, Trem-
blay and colleagues from 1995 onwards (Kraus,
McGee, Carell, King, & Tremblay, 1995; Trem-
blay, Kraus, Carrell, & McGee, 1997; Tremblay
et al., 2001; Tremblay & Kraus, 2002; Tremblay,
Kraus, & McGee, 1998). The studies by Trem-
blay also demonstrated that generalization to un-
trained speech sounds was possible. In addition
to MMN, the effectiveness of speech discrimination
has also been demonstrated using functional mag-
netic resonance imaging (fMRI) by Jäncke, Gaab,
Wüstenberg, Scheich, and Heinze (2001).

In India, Vanaja and Sandeep (2004) recorded
Auditory Late Latency Responses and Mismatch
Negativities to speech and tonal stimuli, in a group
of 15 children with learning disability. Auditory
training was given to 2 of these children who
had abnormal electrophysiological responses. They
were trained to discriminate pure-tones differing in
frequency, intensity and duration. The training
was carried out until the children discriminated a
difference of 50 Hz, 2 dB HL and 50 ms, respec-
tively. Post-therapy electrophysiological recording
showed a reduction in latency for all the ALLR
waves in both the subjects. In one of the subjects,
in whom MMN could be recorded for both speech
and non-speech stimuli, the post therapy latencies
were shorter than the pre therapy recordings. In
the second subject, post-therapy MMN, recorded
for speech stimuli, showed reduced latencies com-
pared to the pre-therapy recordings but no response
was obtained for tonal stimuli. Although done on
a small group, the study does add to the corpus of
findings, substantiating that auditory training does
enhance auditory responses, especially for speech
based sounds.

Phoneme Synthesis Training

Phonemic synthesis has been another technique
used with children having learning disability or au-
ditory processing problems (Katz & Wilde, 1994).
Bellis (1996) reported that the purpose of phoneme
training is to help a child learn to develop accurate
phonemic representation and to improve speech-to-
print skills. Phonemic synthesis is considered to

involve the blending of discrete phonemes into the
correctly sequenced, and co-articulated sound pat-
terns (Katz & Harmon, 1981). Sloan (1998) re-
ported that consonant discrimination training not
only teaches the child to discriminate speech sounds
correctly, but also helps the child know when he/
she has perceived a sound incorrectly or is un-
sure.

In India Yathiraj and Mascarenhas (2003, 2005)
utilized phoneme synthesis training along with
other procedures, depending on the processes that
were defective. The other techniques used along
with phoneme synthesis included auditory integra-
tion, auditory separation and recognition of low re-
dundancy speech, auditory memory (recall and se-
quencing) and duration pattern recognition. The
phoneme synthesis techniques aimed to enable the
children to break words heard by them into their
constituent speech sounds as well as blend speech
sounds to make words. Several activities were
utilised to enable the children to meet this target.
As the procedure was used along with several other
techniques, the utility of phoneme synthesis train-
ing in isolation could not be ascertained. However,
from the findings of the study it was clear that the
holistic training programme was useful in bring-
ing about improvement in four auditory processes
/ higher cognitive skills that were evaluated (au-
ditory integration, auditory separation / closure,
duration pattern recognition, & auditory memory
and sequencing).

The studies using direct remedial procedures in-
dicate that the techniques are very promising. A
few studies also indicate that training in one pro-
cess does result in improvement in other processes
/ higher cognitive functioning, as well as to real life
situations. However, such generalization does not
occur to all processes. The improvement with di-
rect remediation was observed to take place in chil-
dren and in older adults with symptoms of APD.
Thus, it can be observed from the studies done us-
ing direct remedial training is a useful bottom-up
approach.

Top-Down Approaches

The majority of the training programmes re-
searched in India have focused more on bottom-up
techniques. Not much research has been reported
regarding specific top-down approaches. A few of
the top-down approaches that have been reported
specifically for those with APD include the use of
metalinguistic and metacognitive strategies. Met-
alinguistic linguistic strategies refer to the abilities
of a person to use appropriate higher-order linguis-
tic rules in difficult listening situations. Similarly,
metacognitive strategies refer to the abilities of a
listener to plan and use ways to get a better un-
derstanding of what is spoken. It enables them
to extract information from spoken communication
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(Chermak & Musiek, 1992). Although metalinguis-
tic and metacognitive strategies have been utilized
in clinical practice for children with APD in India,
there is no research that has reported of the utility
of specific strategies. However, there is report of
one study utilizing auditory memory, a higher cog-
nitive skill, in addition to other activities to provide
training to children with APD (Yathiraj & Mas-
carenhas, 2003, 2005). The objective of the training
was to improve both memory as well as sequencing
abilities. Several activities were used utilized to tap
auditory memory and sequencing, which were de-
scribed in their 2003 report.

Conclusions

While there are several techniques / approaches
that have been recommended to train individu-
als with APD, in India the training programmes
have been restricted majorly to the auditory pro-
cesses that have been discussed above. The choice
of selecting the above processes stems for research
showing that these auditory processes are the ones
that are majorly affected (Katz, 1992; Musiek,
Geurkink, & Kietel, 1982; Muthuselvi & Yathiraj,
2009; Welsh, Welsh, & Healy, 1980). Further, it has
been reported that improvement in academic and
language skills occur following APD intervention,
indicating that generalization of activities takes
place to non-therapy situations (Chermak, Curtis,
& Seikel, 1996). Yathiraj and Mascarenhas (2003)
also reported that the deficit specific training pro-
vided to children with APD resulted in a general-
ization of the skills taught to their home and school
situations.

From the literature in India as well as other
parts of the world, it is evident that direct reme-
dial training procedures do bring about marked im-
provement in the performance of children identi-
fied to have APD. Besides providing direct reme-
dial training, recommendations regarding environ-
ment modification, to enhance auditory perception,
continue to be used. Further, compensatory and
coping strategies are recommended to be utilized
to help individuals with APD deal with difficulties
faced in day-to-day situations. A combination of
all these techniques would result in individuals with
APD leading a more fruitful life and learn to cope
better in real life situations.
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